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Background: Our study analyzed the immune infiltration of esophageal adenocarcinoma (EAC) tumor
cells and identified long non-coding ribonucleic acid (IncRNA) genes to construct a prognostic model of
EAC to evaluate the survival prognosis of patients and explore potential therapeutic targets.

Methods: The data of 89 patients with EAC, including 11 normal tissue samples and 78 EAC of tumor
tissue samples, were downloaded from The Cancer Genome Atlas public database. Perl script and R software
were used to run the code, conduct the statistical analysis, calculate the risk coefficients of the patients,
and conduct the Cox regression analysis, immune-related IncRNA survival analysis, risk analysis, principal
component analysis (PCA), and receiver operating characteristic (ROC) curve analysis.

Results: We screened and identified 19 prognostic biomarkers, including LINC01612, AC008443.2, and
LINCO02582, allocated the patients into high- and low-risk groups, and found significant differences in
the prognosis between the high- and low-risk groups using the Kaplan-Meier survival analysis (P<0.001).
A ROC curve was used to evaluate the feasibility of the prognostic model for EAC, and we found that the
model had high predictability (area under the curve =0.964). A PCA analysis was performed of the complex
transcriptome sequencing data and other cubes to transform the data into a 3-dimensional space constructed
by feature vectors.

Conclusions: Our study effectively screened and identified the IncRNA genes related to the immune
infiltration of EAC and successfully constructed a prognostic model. In total, 19 potential diagnostic and
therapeutic target genes, including LINCO01612, AC008443.2, and LINC02582, were identified that have

certain significance in guiding the clinical treatment of EAC patients.
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Introduction development of the disease, and immune disorders in tumors

are considered promoting factors in the process of tumor
Esophageal adenocarcinoma (EAC) is a common malignant genesis and development. In recent years, immunotherapy
tumor of the digestive tract (1-3). In terms of treatment and has emerged as a promising potential treatment for EAC in

prognosis, immune-related genes (IRGs) are key factors in the addition to surgery and radiotherapy (4).
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EAC tumor cells are rich in tumor antigens, including
tumor-associated antigens and neoantigens, which have the
ability to initiate dendritic cell-mediated tumor cytotoxic T
lymphocytes early in cancer development (5). When EAC
tumor cells begin to fight the immune system, they can
acquire the ability to suppress anti-tumor immunity through
immune checkpoints, secretory factors, and negatively
modulated immune cells (6). These characteristics of
IRGs may contribute to the diagnosis and individualized
treatment of EAC (7). When the immune function is
inhibited, cancer cells can proliferate and metastasize.

A study has reported a relationship between IRGs and
the prognosis of EAC patients, but there is no systematic
description or study of the IRGs in the tumor immune
microenvironment and the prognosis of EAC patients (8).
Moreover, their interactions are also need studied. Thus, a
systematic description and analysis of the tumor immune
microenvironment and the effect of IRGs on prognosis are
necessary for EAC immunotherapy and patient prognosis (9).

In recent years, with the continuous development and
promotion of tumor immune infiltration research, there
have been a few reports on the establishment of IRG
prognostic models for EAC (10). This study sought to
successfully construct a prognostic model of immune-
related EAC by analyzing EAC transcriptome data from
The Cancer Genome Atlas (T'CGA) public database and
clinical follow-up data, and to screen and identify new
biomarkers and prognostic long non-coding ribonucleic
acids (IncRNAs) for EAC, thus providing potentially
important therapeutic targets for EAC. We present the
following article in accordance with the TRIPOD reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-1279/rc).

Highlight box

Key findings
®  Our study effectively screened and identified the IncRNA genes
related to the immune infiltration of EAC and successfully

constructed a prognostic model.

What is known and what is new?

* Immune infiltration plays important roles in various cancers.
e The IncRINA genes related to the immune infiltration of EAC.

What is the implication, and what should change now?

* The model may be useful in finding new potential therapeutic
targets for EAC and providing personalized immunotherapy to
EAC patients.
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Methods
General information

We downloaded the EAC group gene transcription and
clinical data from TCGA public database (https://portal.gdc.
cancer.gov/). Based on the research inclusion and exclusion
criteria, the data of 89 patients, including 11 normal healthy
patients and 78 EAC patients, were downloaded. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Research methods

Perl scripts were used to conduct the statistical analysis
of the downloaded IncRNA data and clinical data, and
“Limma” package in R software (version 4.0.3) was then
used to correct them. To examine differences in the
overall survival (OS) of the high- and low-risk groups and
identify the IncRNAs related to the prognosis of EAC
patients, a survival curve for the EAC patients during
the clinical follow-up period was generated using the
“Survival” package. The risk curve was drawn by running
the “PheatMap” package. In order to identify the IncRNAs
were related to immune, the “BiocManager” package was
downloaded and run to perform the principal component
analysis (PCA) of the multi-dimensional and complex EAC
gene data set and convert the data into a 3-dimensional
space constructed by feature vectors. Finally, risk heat map
was used to determine the high- and low-risk genes.

Statistical processing

SPSS software (version 23.0) and Bertel-Perl software
(version 5.32.0.1) were used to screen the obtained data, and
a Cox regression analysis and a PCA algorithm were used to
analyze the differences in the IncRNAs related to immune
infiltration in the tumor EAC tissues. All the data were
statistically analyzed by R language software (version 4.0.3),
and P<0.05 indicated statistically significant differences.

Results
Survival analysis

The follow-up data of 78 EAC patients were divided into
high- and low-risk groups according to the expression of
immune-prognostic IncRNAs. The 1-year survival rate
(60%) and 3-year survival rate (10%) of the high-risk
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Figure 1 Kaplan-Meier survival analysis of EAC. EAC, esophageal

adenocarcinoma.

group were significantly lower than the 1-year survival rate
(100%) and 3-year survival rate (90%) of the low-risk group
(P<0.001) (Figure I).

Risk curve analysis

The “Pheatmap” package in R software was used to
arrange and collate the downloaded data from TCGA,
calculate the risk coefficients of the EAC patients, calculate
the distribution matrix of the survival and death of the
patients, analyze the differential expression of IncRNAs
in an immune infiltration-related prognosis heatmap,
and successfully build the EAC prognostic model. We
found that as the expression level of the IncRNAs (the
following 19 high-risk IncRNAs) increased, the prognosis
of patients worsened. Further, we also found that the high
expression of IncRNA may be related to prognosis and high
mortality rates for EAC patients. The following 19 high-
risk IncRNAs were identified: LINC01612, AC008443.2,
LINC02582, AL590822.2, AC127024.3, AL136115.1,
AC078778.1, AC079684.1, AC005841.1, AC048344.4,
AC139100.2, KCNQ10OT1, AL121992.3, AC087620.1,
ACO087752.4, MIRLET7BHG, AL031673.1, AL163051.2,
and AC012467.2 (Figure 2).

ROC curve analysis of prognostic model

A prognostic model of EAC was successfully constructed
through TCGA public database, and a receiver operating
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characteristic (ROC) curve was used to verify the predictive
value of the model. We found that the area under the curve
(AUC) was significant >0.7 (AUC =0.964), indicating that
compared to other clinically relevant indicators, this model
has a high prediction accuracy and has certain value in
guiding risk assessments used to determine the prognosis of
EAC patients (Figure 3).

PCA analysis

A PCA analysis was performed of these complex transcriptome
data. Figure 44 shows, all the IncRNA gene sets related to
EAC. Figure 4B shows the part of the gene sets related to
immune infiltration. Figure 4C shows the IncRNA gene sets
with prognostic value of the first 2 gene sets (Figure 4).

Discussion

Esophageal carcinoma is a malignant tumor of the digestive
tract with a poor prognosis, and its pathology is mainly
esophageal squamous carcinoma and EAC (11-14). In
Southeast Asia, including China, Japan and South Korea,
esophageal squamous cell carcinoma is common (15). In
North America and Europe, including the United States,
Canada and the United Kingdom, the incidence of EAC
is high (16). However, in recent years, the morbidity and
mortality of EAC in China has shown an increasing trend,
which has aroused widespread concern (17-19).

Despite continued advances in its diagnosis and
treatment, the prognosis of EAC patients remains poor (20).
Thus, we need to identify the molecular mechanisms of
EAC pathogenesis and biomarkers for use in prognostic
risk assessments (21). There is a growing body of evidence
that immune infiltration plays an important role in tumor
cell proliferation, invasion, and metastasis, and cannot be
ignored (21,22). Thus, we need to explore the tumor cells
involved in immune signaling and the occurrence and
development of EAC. This will help us in specific targeting
loci treatment prognosis and survival risk model building.
There are many EAC-related biomarkers, but there are
few reports on the establishment and analysis of IncRNA
immune-prognostic models (23).

In this study, gene transcription data sets, the associations
between prognostic risk and immune infiltration, IncRNA
were screened and identified. Ultimately, 19 potential
prognostic IncRNAs were screened and identified, and
survival, risk prediction, and PCA analyses were performed

using these IncRNAs. The EAC patients were divided into
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Figure 2 Survival prognostic risk curve, death case distribution matrix, and risk heat map of the 78 EAC patients. EAC, esophageal

adenocarcinoma.
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with immune infiltration. ROC, receiver operating characteristic;

AUQG, area under the curve; EAC, esophageal adenocarcinoma.
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high- and low-risk groups, and a differential analysis was
conducted to identify important prognostic indicators (24).
Models constructed based on immune infiltration and
prognostic risk coefficients are effective at assessing
disease status and determining treatment options for EAC
patients (25). These 19 IncRNAs were used to construct
a Cox regression risk model, which could predict the
prognosis of high-risk and low-risk patients. The accuracy
of the test model was analyzed using a ROC curve.

In recent years, a large number of studies have explored
the prognosis of different diseases in order to guide
treatment (26-30). The prognostic model of esophageal
cancer was constructed based on the characteristics of
messenger RNA, and the role of specific immunotherapy
was highlighted. Our findings may lead to the development
of new immunotherapies for esophageal cancer. The
latest checkpoint inhibitors and related targeting sites for
esophageal cancer and have thus provided a research basis
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gene PCA. PCA, principal component analysis; IncRNAs, long non-coding ribonucleic acids; EAC, esophageal adenocarcinoma.

for the discovery of new targeted therapeutic sites for
EAC. One study retrospectively analyzed the differences in
immune cell infiltration and functional phenotypes in the
tumor cells of 72 EAC patients, and found that the cytokine
staining had a mixture functions of pro-inflammatory and
anti-inflammatory properties in EAC tumors tissue and
found that memory cytotoxic T cells were rich in memory
cytotoxic T cells (26). This result will greatly promote the
study of the EAC tumor immune microenvironment and
immune cell reaction mechanism (31).

Limitation

We did not validate the representative IncRINA related to
immune infiltration by experiments.

Conclusions

This study established an EAC prognostic model based
on the immune infiltration that can accurately predict the
survival prognosis of EAC patients. In addition, the model
may be useful in finding new potential therapeutic targets
for EAC and providing personalized immunotherapy to
EAC patients.
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