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Background: The enhancer RNA (eRNA) signature shows excellent promise in the prognostic role of 
many malignancies, but its value has not been fully explored in esophageal cancer (ESCA). 
Methods: We comprehensively analyzed 33 oncogene expression matrices and clinical data from The 
Cancer Genome Atlas (TCGA) and identified ESCA prognostic-related key eRNAs by Kaplan-Meier 
and co-expression analysis. We also investigated the prognostic role of the key eRNA using a series of 
bioinformatics approaches, including immune infiltration, immune function, immune subtypes, and the 
tumor microenvironment. Finally, the tumor immune dysfunction and exclusion (TIDE) score was used to 
predict the immune response to immune checkpoint blockade (ICB) therapy.
Results: We identified eRNA AC005515.1, AC012368.1, AP003469.2, Clorf61, and WDFY3-AS2 were 
associated with the prognosis of ESCA. AC005515.1 is a critical prognostic-related eRNA in ESCA and was 
significantly co-expressed with immune checkpoint genes (CTLA4, CD274, etc.). In the pan-cancer analysis, 
AC005515.1 was also associated with the prognosis of seven cancers, including kidney renal papillary cell 
carcinoma and low-grade brain glioma. It was also found to be co-expressed with immune checkpoint 
genes in these tumors. Moreover, high expression of AC005515.1 was associated with CD8+ T cells and M1 
macrophages infiltration, and the AC005515.1 high-expression group had a higher TIDE score in ESCA. 
Conclusions: Overall, eRNA AC005515.1 is associated with the local immune environment of ESCA and 
may become a new biomarker of ESCA prognosis and immunotherapy response.
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Introduction

Esophageal cancer (ESCA) originates from the esophageal 
mucosa and is one of the most common malignant tumors 
in the digestive tract (1). Esophageal adenocarcinoma and 
esophageal squamous cell carcinoma are ESCA’s two main 
histological categories. In 2018, ESCA’s incidence and 
mortality rates ranked 7th and 6th among all malignant 
tumors worldwide, respectively (2). The prognosis of 
patients with ESCA is extremely poor with a 5-year survival 
rate of less than 20% (2,3). Early ESCA has no obvious 
symptoms, and most patients are diagnosed in advanced 
stages. Patients with advanced ESCA who are not eligible 
for radical treatment could choose to receive chemotherapy 
or immune checkpoint inhibitor (ICI) therapy. Importantly, 
it has been demonstrated that ICI is more effective and 
safer than chemotherapy for patients with advanced ESCA 
(4,5). ESCA is a highly heterogeneous disease with a 
widely varying prognosis among patients, with no available 
prognostic markers and limited clinically targeted therapies 
(6,7). Thus, exploring the effective prognostic biomarkers 
of ESCA remains of great importance. 

Enhancer RNA (eRNA) is a type of long non-coding 
RNA (lncRNA) transcribed from enhancers and exists 
widely in most human cells and tissues (8). Recent studies 
have shown that eRNAs can contribute to the enhancer 
activity or bind to numerous proteins and perform some 
biological functions in an independent form (9-11). 
The expression of eRNA regulated the development of 
tumors (10,12,13). Meanwhile, eRNAs may influence 

drug action through pathways or cross-pathways and 
may serve as potential targets for clinical treatment and 
prognosis prediction (11,14). In hepatocellular carcinoma, 
high expression of eRNA DCP1A is associated with 
poor prognosis (15). In clear cell renal cell carcinoma, 
downregulation of EMX2OS was significantly associated 
with a higher histological grade, an advanced stage, 
and a poorer prognosis (16). In addition, eRNA plays 
an important role in regulating immune responses by 
modulating their target genes involved in immune-related 
pathways (17). Previous research has found that eRNA can 
also regulate immune checkpoint-related genes (11). These 
previous findings suggested that eRNAs as biomarkers 
or therapeutic targets have essential research value in 
tumor prognosis and targeted therapy. A previous study 
has indicated that lncRNA dysregulation promotes ESCA 
cell proliferation and metastasis and is associated with  
prognosis (8). However, comprehensive studies analyzing 
eRNAs in ESCA are still limited, especially exploring 
the role of eRNAs in the prognosis of ESCA. It has been 
suggested that eRNAs may be powerful diagnostic and/or 
prognostic markers in cancer therapy (11). Therefore, the 
identification of biomarkers that can predict the prognosis 
of ESCA remains relevant and urgently needed.

This study aimed to investigate the expression profile 
and prognostic value of eRNA in ESCA and to analyze 
the immunological functions of key prognostic-related 
eRNAs. eRNA AC005515.1 shows promise as a novel 
biomarker for prognosis and immunotherapy of ESCA and 
is expected to be a novel therapeutic target in the future. 
This will not only help in clinical prognostic monitoring 
but also in immunotherapy treatment decisions. We present 
this article in accordance with the REMARK reporting 
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-23-777/rc).

Methods

Data downloading and preparing

The Cancer Genome Atlas (TCGA) pan-cancer data, 
including gene expression matrix, clinical data, survival 
data, immune subtypes, cell stemness scores, and somatic 
mutation data of 32 tumors, were downloaded from UCSC 
Xena (https://xena.ucsc.edu) (18). The gene expression 
matrix was classified into mRNA and eRNA expression 
profiles based on the gene type and eRNA source literature 
in the human gene expression RNA-sequencing (RNAseq) 

Highlight box

Key findings 
•	 Enhancer RNA (eRNA) AC005515.1 was identified as a novel 

prognostic biomarker for esophageal cancer (ESCA) and co-
expressed with immune checkpoint genes.  

What is known and what is new?  
•	 Current studies have confirmed the excellent potential of eRNA in 

the prognosis of a variety of cancers. However, the role of eRNA 
in ESCA has not been fully elucidated.

•	 In this study, WDFY3-AS2, AC012368.1, AC005515.1, AP003469.2, 
and Clorf61 were identified as ESCA prognostic-related eRNAs. 
These newly predicted eRNAs, except WDFY3-AS2, have been 
reported for the first time in oncology studies.

What is the implication, and what should change now? 
•	 eRNA AC005515.1 is of great value in the treatment and prognosis 

of ESCA. 

https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/rc
https://xena.ucsc.edu


Jia et al. Prognostic biomarkers for ESCA 3268

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(12):3266-3283 | https://dx.doi.org/10.21037/tcr-23-777

profile (19). The eRNA expression profiles of ESCA 
patients and their survival times were merged. A total 
of 161 ESCA and 11 control samples were ultimately 
included in this study, and patient information is shown in  
Table S1. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Identification of differentially expressed mRNA 
(DEmRNA) and eRNA (DEeRNA) in ESCA

DEmRNA and DEeRNA in ESCA were identified between 
tumor and normal samples using the “limma” R package, 
followed by volcano plot visualization. The differentially 
expressed genes were defined as |fold change (FC)| >1 and 
false discovery rate (FDR) <0.05.

Identification of prognostic-related eRNAs of ESCA

The patients were subdivided into low- and high-expression 
groups according to each DEmRNA median expression 
value. Kaplan-Meier survival curves were constructed using 
the R package “survival” and the log-rank test. P<0.05 was 
considered statistically significant.

Identification of co-expressed genes and gene set 
enrichment analysis of prognostic-related eRNAs in ESCA

Spearman correlation analysis was performed to analyze the 
correlation of prognostic-related eRNAs and DEmRNAs, 
and genes with R>0.4 and P<0.001 were considered to be 
co-expressed genes of prognostic-related eRNAs. Gene 
function enrichment analysis was designed to explore the 
biologically significant processes of co-expressed genes 
in ESCA. Gene ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) statistical analyses and 
visualization of co-expressed genes were performed using 
the cluster Profiler package of the R software. P<0.05 was 
considered a statistically significant.

AC005515.1 survival analysis and its co-expression gene 
validation in pan-cancer 

Patients with 32 other cancers were classified into low- and 
high-expression groups according to the median expression 
value of AC005515.1. The Kaplan-Meier method was used 
to investigate the prognostic value of AC005515.1 in pan-
cancer. The Spearman correlation was applied to verify 
the correlation between AC005515.1 and its co-expressed  

genes in ESCA.

Evaluation of immune cell infiltration and tumor 
microenvironment (TME) in ESCA

The “CIBERSORT” R package was used to obtain data 
of 22 immune cell infiltration (20). We also assessed the 
immune function score of ESCA patients with the Gene 
Set Variation Analysis (GSVA), as this can be estimated 
from transcriptomic data. This is accomplished with the 
R package, including “limma”, “GSVA”, “GSEABase”, 
“ggpubr”, and “reshape2”. The “ESTIMATE” R package 
is designed to calculate TME scores, including immune 
scores, stromal scores, and estimated scores (21). The 
Wilcoxon test was used to analyze the differences in 
infiltrating immune cells and immune function scores in 
the AC005515.1 high- and low-expression groups. The 
correlation between AC005515.1 and the TME and tumor 
stem cell score was performed using Spearman correlation 
analysis.

Analysis of tumor mutational burden (TMB) and 
prediction of immune checkpoint blockade (ICB) therapy

The somatic mutation data of the ESCA patients were 
obtained using the Perl script. The correlation between 
AC005515.1 expression levels and TMB was assessed 
by Spearman correlation analysis. The tumor immune 
dysfunction and exclusion (TIDE) algorithm was used 
to predict the potential response to ICB therapy of 
AC005515.1 high- and low-expression groups (http://tide.
dfci.harvard.edu) (22).

Statistical analysis

All statistical analyses in this study were performed using 
R software (v4.1.1). Spearman correlation was applied 
to estimate the correlation strength. The Kaplan-Meier 
method was used for survival analysis and tested by the 
log-rank test. Wilcoxon test was used to compare different 
expression levels of infiltrating immune cells in different 
groups. P<0.05 was considered statistically significant. 

Results

Identification of prognostic-related eRNAs from ESCA

The mRNA and eRNA expression profiles of ESCA 
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patients were analyzed by the “limma” R package. A total 
of 1,681 DEmRNA and 156 DEeRNA were detected 
(Figure 1A,1B ;  FDR <0.05,  |logFC| >1) .  Thirty-
four eRNAs associated with prognosis were identified  
(Table 1). Meanwhile, there were significant differences 
in the expression of five prognostic-related eRNAs  
(Figure 1C). The Kaplan-Meier plots of the five prognostic-
related eRNAs were demonstrated in Figure 1D-1H. The 
results showed that low WDFY3-AS2 and AC012368.1 
(P=0.008 and P=0.014) expression and high AC005515.1, 
Clorf61, and AP003469.2 (P=0.022, P=0.029, and P=0.034, 
respectively) expression significantly correlated with worse 
survival in survival in ESCA patients (Figure 1D-1H).

eRNAs AC005515.1 co-expressed with immune checkpoint 
genes and involved in ESCA prognosis

To explore the co-expressed genes of prognostic-related 
eRNA, we analyzed the correlation between five prognostic-
related eRNAs in DEeRNA and 1,681 DEmRNAs. A 
total of 171 potential target genes were identified [R>0.4, 
P<0.001; online table (available at https://cdn.amegroups.
cn/static/public/tcr-23-777-1.pdf)]. Subsequently, we 
performed GO and KEGG enrichment analyses of the 
co-expressed genes. The GO enrichment results are 
shown in Figure 2A, and the top three most significantly 
enriched in biological processes were negative regulation of 
leukocyte proliferation, negative regulation of lymphocyte 
proliferation, and negative regulation of mononuclear cell 
proliferation. The top three terms enriched in cellular 
components were external side of plasma membrane, cation 
channel complex, and I band. The top three terms enriched 
in molecular functions were cation channel activity, gated 
channel activity, and channel activity. Meanwhile, the 
top three pathways enriched by KEGG were cytokine-
cytokine receptor interaction, viral protein interaction with 
cytokine and cytokine receptor, and cell adhesion molecules 
(Figure 2B). Notably, negative regulatory genes involved in 
immune cell proliferation and activation, including immune 
checkpoint genes (CTLA4, CD274, and IDO1, etc.), were 
significantly correlated with AC005515.1 (Figure 2C). 
The expression of immune checkpoint-related genes was 
increased in the high-expression group compared to the 
low-expression group of AC005515.1 (Figure 2D). 

Relationship between AC005515.1 and clinical features in 
ESCA 

We analyzed the relationship between AC005515.1 and 
clinical features, including age (≤60 years, >60 years), 
gender, pathological tumor grade, pathological tumor stage, 
and tumor status. We found that AC005515.1 expression 
correlated with the tumor stage. The expression level of 
AC005515.1 significantly increased in stage II and stage 
IV compared with stage I (Figure 3). We next performed a 
multivariate Cox regression analysis, the results showed that 
ESCA patients with high expression of AC005515.1 had a 
higher risk of death than those with low expression level, 
after adjusting for age, sex, grade, stage, and tumor status 
[hazard ratio (HR) =4.94, 95% confidence interval (CI): 
1.21–20.13, P=0.03, Table S2). eRNA AC005515.1 was 
identified as an independent prognostic factor for ESCA. 
Since AC005515.1 was significantly co-expressed with 
immune checkpoint genes and related to ESCA survival, we 
propose a hypothetical to explain our findings that eRNA 
AC005515.1 might influence the ESCA patients’ prognosis 
by affecting the proliferation and activity of immune cells 
through co-expressed immune checkpoint genes.

Prognostic values of eRNA AC005515.1 and co-expression 
with immune checkpoint genes were validated in pan-
cancer

We extracted the expression of AC005515.1 from the 32 
tumors and divided patients into low- and high-expression 
groups based on their median expression values. Our study 
found that AC005515.1 was associated with the prognosis 
of seven tumors (Figure 4). Specifically, high expression 
of AC005515.1 had worse overall survival (OS) in the 
prognosis of kidney renal papillary cell carcinoma (KIRP) 
(P=0.045, Figure 4A), brain lower grade glioma (LGG) 
(P<0.001, Figure 4B), and uveal melanoma (UVM) (P=0.015, 
Figure 4G). Conversely, low expression of AC005515.1 
predicted a worse prognosis in mesothelioma (MESO) 
(P=0.012, Figure 4C), ovarian serous cystadenocarcinoma 
(OV) (P=0.021, Figure 4D), skin cutaneous melanoma 
(SKCM) (P<0.001, Figure 4E), and thyroid carcinoma 
(THCA) (P=0.004, Figure 4F). In addition, we analyzed 
correlations between AC005515.1 and its co-expressed 

https://cdn.amegroups.cn/static/public/TCR-23-777-Supplementary.pdf
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genes in pan-cancer. Our results showed that AC005515.1 
has potential prognostic value in multiple tumors and a 
co-expression relationship with immune checkpoint genes 
(Figure 5, Table S3).

The high AC005515.1 expression group showed higher 
CD8+ T cells and M1 macrophages infiltration

To analyze the composition of immune cells in AC005515.1 
low- and high-expression groups, we used CIBERSORT 
to obtain immune cell infiltration data and analyzed the 
correlation between AC005515.1 expression and immune 
cell infiltration. In ESCA, we found that CD8+ T cells 
and M1 macrophages were more abundant in the high-
expression group and positively correlated with AC005515.1 
(Figure 6A); however, M0 macrophages were more abundant 
in the low-expression group and negatively correlated 
with AC005515.1 (Figure 6A). Interestingly, we found the 
same results in KIRP, LGG, MESO, OV, SKCM, THCA, 
and UVM (Figure 6B-6H). Moreover, we found that M2 
macrophages were increased in the low-expression group 
compared with the high-expression group in KIRP, MESO, 
OV, SKCM, THCA, and UVM (Figure 6B,6D-6H). 

Association of AC005515.1 expression with immune 
function, immune subtypes, and TME of ESCA

We found an important immunological role of AC005515.1 
in pan-cancer. To further understand the prognostic role 
of AC005515.1 in ESCA, we next analyzed the association 
of AC005515.1 expression with immune function, immune 
subtypes, TME, characteristics of tumor stem cells, and 
TMB. Firstly, the results of the immune function analysis 
suggested that all immune functions except type 2 interferon 
response, scored higher in the AC005515.1 high-expression 
group (Figure 7A). Secondly, we found that the tumor 
immune subtype in ESCA patients was mainly C2 (IFN-γ 
dominant, 76/151, Figure 7B). AC005515.1 was expressed 
at a higher level in C2 compared with other immune 
subtypes. As is well known, TME plays a crucial role in the 
occurrence and development of tumors. Therefore, we also 
explored the relationship between AC005515.1 and TME. 
Notably, AC005515.1 showed a positive correlation with 
the stromal score, immune score, and ESTIMATE score  
(Figure 7C). Our findings suggested that high expression 
levels of AC005515.1 were significantly associated with 
lower tumor purity. In addition, we further explored the 

Table 1 The list of 34 eRNAs associated with prognosis in ESCA

Gene KM P value

AL390879.1 0.0021

LINC01006 0.0031

KCP 0.0075

AP000943.1 0.008

WDFY3-AS2 0.0085

LINC01714 0.0137

AC012368.1 0.0143

AC025871.2 0.0179

AP000688.3 0.0201

AC098828.2 0.0204

AC098934.1 0.0214

AF241728.1 0.0217

AC005515.1 0.0218

AC245140.1 0.023

TMEM225B 0.0232

AP001781.1 0.025

AC092490.1 0.0259

AL021391.1 0.0274

AP001596.1 0.0286

C1orf61 0.0288

AP003469.2 0.0344

JPX 0.0349

FTX 0.0381

AC007255.1 0.0395

AP000696.1 0.0411

SLC44A3-AS1 0.0415

SPAAR 0.0415

AC022613.1 0.0415

AC108749.1 0.0419

TMEM88B 0.045

AC021028.1 0.0451

LINC01271 0.0453

CCDC18-AS1 0.0493

FOXP4-AS1 0.0493

eRNA, enhancer RNA; ESCA, esophageal cancer; KM, Kaplan-
Meier.
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Figure 3 Relationship between AC005515.1 and clinical features in ESCA. AC005515.1 was associated with the tumor stage. ESCA, 
esophageal cancer.

relationship between AC005515.1 and stem cell properties. 
We found that AC005515.1 had a significant negative 
correlation with DNA stemness score, whereas RNA 
stemness score did not (Figure 7C). We did not find an 
association between AC005515.1 expression and TMB 
(Figure 7C).

ESCA patients with high AC005515.1 expression had 
higher TIDE scores

We used the TIDE score to predict the immune response 
of ICB therapy in AC005515.1 low- and high-expression 

groups. We found that the high-expression group had 
higher TIDE scores in ESCA, MESO, OV, SKCM, 
and THCA compared with the low-expression group  
(Figure 8). Furthermore, we found that in these tumors, the 
AC005515.1 high-expression group had higher dysfunction 
scores (Figure 8). The results suggested that patients with 
high expression of AC005515.1 are immune dysfunctional 
and may not be conducive to benefit from ICB therapy.

Discussion

ESCA is the sixth leading cause of cancer death, and its 
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Figure 4 To explore the prognostic value of AC005515.1 in pan-cancer. Survival analysis of AC005515.1 in pan-cancer suggested that 
AC005515.1 was also associated with tumor prognosis including KIRP (A), LGG (B), MESO (C), OV (D), SKCM (E), THCA (F), and 
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Figure 5 Validation of the correlation between AC005515.1 and co-expressed genes. The correlation of AC005515.1 with its co-expressed 
genes was verified in pan-cancer, including KIRP (A), LGG (B), MESO (C), OV (D), SKCM (E), THCA (F), and UVM (G). The top 
eight significantly co-expressed genes were shown based on the P value of Spearman’s correlation analysis. KIRP, kidney renal papillary 
cell carcinoma; LGG, brain lower grade glioma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; SKCM, skin cutaneous 
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Figure 6 Correlation between AC005515.1 expression and immune cell infiltration. Violin plot showing the difference in immune cell 
infiltration between AC005515.1 high- and low-expression groups in ESCA (A), KIRP (B), LGG (C), MESO (D), OV (E), SKCM (F), 
THCA (G), and UVM (H). *, P<0.05; **, P<0.01; ***, P<0.001. NK, natural killer. ESCA, esophageal cancer; KIRP, kidney renal papillary 
cell carcinoma; LGG, brain lower grade glioma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; SKCM, skin cutaneous 
melanoma; THCA, thyroid carcinoma; UVM, uveal melanoma.
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high mortality rate poses a challenge for health systems 
worldwide (1). ESCA is highly heterogeneous, with two 
biologically distinct subtypes (23). While early surgery 
can improve patient survival, ESCA is often diagnosed 
late and the best time for surgery is missed (24). For 
those patients not amenable to surgery, chemotherapy 
or immunosuppressive therapy offers an improvement in 
quality of life. However, their 5-year survival rate remains 
very low (25). Therefore, the study of biomarkers for early 
disease screening and prognosis is desperately needed. 
Currently, eRNA signature-based research is receiving a lot 
of attention (10,13,26,27). Previous studies have shown that 
eRNA has a high potential for cancer prognosis (28-30).

Transcription is a critical step in the regulation of gene 
expression. eRNAs are a group of noncoding RNAs that 
are transcribed from enhancer elements on the genome 
by RNA polymerase II (31). eRNAs can be involved in the 
regulation of transcription by a variety of mechanisms, 
including interaction with DNA or RNA through nucleic 
acid base pairing, or interaction with proteins through 
advanced RNA structures (32-34). The most frequently 
described mechanism of action of eRNAs is the regulation 
of enhancer-promoter loops, in addition to the regulation of 
chromatin accessibility and transcriptional elongation (9,35). 
Recent studies have also shown that eRNAs can control 
gene expression patterns by regulating acetylation and can 
be chemically modified to recruit read proteins, regulating 
transcriptional condensates (36,37). Despite these studies 
provide new directions for exploring the mechanistic 
functions of eRNAs, there are still many challenges: the 
functions and potential mechanisms of eRNAs in gene 
regulation and chromosomal interactions need to be further 
understood experimentally; eRNAs’ biological activities 
and relevance to diseases are not fully elucidated; more 
importantly, eRNAs are less abundant and unstable in vivo, 
and there is a need to develop more sensitive methods to 
recognize eRNAs.

In this study, we used bioinformatics to identify eRNAs as 
potential prognostic-related biomarkers in ESCA. WDFY3-
AS2, AC012368.1, AC005515.1, AP003469.2, and Clorf61 
were identified as ESCA prognostic-related eRNAs in our 
study. These newly predicted eRNAs, except WDFY3-AS2, 
have been reported for the first time in oncology study (38). 
Analysis of gene co-expression revealed that AC005515.1 
was significantly associated with immune checkpoint genes. 
Based on our analysis, AC005515.1 was found to be the key 
prognostic-related eRNA for ESCA and to be correlated 
with CD8+ T cells and M1 macrophages infiltration. In 

addition, we found that AC005515.1 correlated with the 
prognosis of multiple tumors in a pan-cancer analysis, such 
as KIRP, LGG, and MESO, etc. AC005515.1 was found 
to be a potential biomarker for predicting ICB response 
through the TIDE score.

The production of eRNA is a true manifestation of 
enhancer activation. eRNAs are also involved in immune 
checkpoint-related pathways to regulate immune responses 
and influence tumor development (39). In this study, 
AC005515.1 was found to be co-expressed with immune 
checkpoint-related genes such as CTLA4, PD-L1, and IDO1 
in ESCA, and in a pan-cancer analysis, AC005515.1 was 
also found to be co-expressed with immune checkpoint-
related genes in multiple cancers. Pathway enrichment 
analysis of these co-expressed genes enriched in negative 
regulatory pathways for immune cell proliferation and 
activation. The immune cell of TME acts as a double-
edged sword that have been shown to harbor either tumor-
promoting or tumor-suppressing activities (40). It was found 
that reactive oxygen species and reactive nitrogen species 
produced by neutrophils could involve in a pro-tumor or 
anti-tumor process by modulating phagocytosis, secretion, 
gene expression and apoptosis (41). Likewise, different 
immune cells can also have varying effects on tumor growth 
in different cancer types (40). Our research discovered 
that high levels of eRNA AC005515.1 led to worse OS 
rates. This suggests that AC005515.1 may have accelerated 
tumor progression by regulating genes that suppressed the 
growth and activation of immune cells. Furthermore, ICB 
therapy with anti-PD-L1 and anti-CTLA4 are increasingly 
common standards of care for certain forms of cancer (42). 
Since the efficacy of ICIs is affected by various factors, 
the results of therapy are often unsatisfactory in most 
cancers (43). We applied TIDE to predict the therapeutic 
effect of AC005515.1 expression levels on ICB. TIDE 
is an algorithm developed to predict the efficacy of ICB 
based on two immune escape mechanisms from tumors (T 
cell dysfunction and immune exclusion) (22). We found 
that patients with high AC005515.1 expression levels had 
higher TIDE scores, suggesting that some patients with 
high AC005515.1 expression levels may not be conducive 
to benefit from ICB therapy. Notably, we found that in 
ESCA, MESO, OV, SKCM, and THCA, high levels of 
AC005515.1 dysfunction were also scored higher. This may 
be an important reason why AC005515.1 affects tumor 
prognosis.

B a s e d  o n  t h e  e x p r e s s i o n  o f  A C 0 0 5 5 1 5 . 1 ,  w e 
further analyzed the immune landscape of the ESCA 
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microenvironment. A single-cell analysis shows that ESCA 
was enriched in immune-suppressive cell populations, 
including exhausted CD8+ T cells, which may contribute 
to immune escape and promote tumor progression (44). 
These immune cells can act as potential markers for 
predicting prognosis and immunotherapy responsiveness in 
the ESCA immune landscape (45). Our study has revealed 
that the eRNA AC005515.1 high-expression group has 
higher immune cell infiltration, including CD8+ T cells 
and M1 macrophages. In our results, the group with poor 
OS had high levels of CD8+ T cells, this suggests that 
ESCA with high expression of AC005515.1 have poor 
OS may be associated with having higher immune cell 
infiltration. Furthermore, ESCA is a tumor with high 
mutational burden and TMB may be a potential prognostic  
marker (46). Previous study has suggested that higher 
TMB may contain more mutation-associated neoantigens 
present and is also associated with increased immune cell 
infiltration in the TME (47). However, we did not observe 
an association between eRNA AC005515.1 and TMB in 
our study. Some studies have found that immune gene 
expression and immune cell infiltration are associated with 
tumor immune subtypes (48,49). Thorsson et al. identified 
six immune subtypes in human tumors, including wound 
healing (C1), IFN-γ dominant (C2), inflammatory (C3), 
lymphocyte depleted (C4), immunologically quiet (C5), 
and TGF-β dominant (C6) (50). C2 is considered to have 
abundant CD8+ T cells and M1 macrophages infiltration, 
which is consistent with our results (50). Immune subtypes 
were associated with OS and progression-free survival, C3 
had the best prognosis, while C2 and C1 had a less favorable 
prognosis despite having a large immune component (51). 
The majority of ESCA patients with high AC005515.1 
expression were of type C2. This may be one reason for the 
poor OS in patients with high AC005515.1 expression. 

Numerous studies have demonstrated that TME is 
essential in tumor development and metastasis (52,53). 
TME comprises cancer and non-cancer cells (immune 
cells, stromal cells, etc.), which play an important role in 
tumor growth and aggressiveness (54). TME with a higher 
number of stromal cells and immune cells suggested low 
tumor purity. According to previous researchers, lower 
tumor purity has been linked to a worse prognosis and 
increased aggressiveness in gliomas (55). In gastric cancer, 
Lou et al. also discovered similar outcomes and found 
tumor purity can serve as the predicting factor for adjuvant 
chemotherapy efficacy (56). In the present study, the 
ESTIMATE score suggested that ESCA patients with high 

expression of AC005515.1 had a lower tumor purity and a 
poorer prognosis.

This study has several limitations. Firstly, our study 
only analyzed the publicly available dataset of TCGA 
and lacked a validation cohort to confirm the association 
of eRNA AC005515.1 with the prognosis of ESCA. 
Secondly, although the correlation of eRNA AC005515.1 
with immune checkpoint-related genes was validated in 
pan-cancer, basic experiments are needed to confirm the 
relationship, which is the focus of our subsequent studies. 
Finally, we predicted the relationship between eRNA 
AC005515.1 and immunotherapy efficacy from RNA-Seq 
data, but only clinical trials can confirm its true relationship.

Conclusions

In summary, we identified eRNA AC005515.1 as a key 
prognostic-related marker in ESCA and also elucidated 
the immunological function of AC005515.1 in ESCA. 
This study demonstrated an association between eRNA 
AC005515.1 and the local immune environment and 
provided a potential predictive biomarker for the prognosis 
of ESCA.

Acknowledgments

The authors s incerely thank al l  participants who 
participated in this study.
Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
REMARK reporting checklist. Available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-777/rc

Peer Review File: Available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-777/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-23-777/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 

https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/prf
https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/coif
https://tcr.amegroups.com/article/view/10.21037/tcr-23-777/coif


Translational Cancer Research, Vol 12, No 12 December 2023 3281

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(12):3266-3283 | https://dx.doi.org/10.21037/tcr-23-777

conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Smyth EC, Lagergren J, Fitzgerald RC, et al. Oesophageal 
cancer. Nat Rev Dis Primers 2017;3:17048.

2.	 Mattiuzzi C, Lippi G. Current Cancer Epidemiology. J 
Epidemiol Glob Health 2019;9:217-22.

3.	 Sjoquist KM, Burmeister BH, Smithers BM, et al. Survival 
after neoadjuvant chemotherapy or chemoradiotherapy 
for resectable oesophageal carcinoma: an updated meta-
analysis. Lancet Oncol 2011;12:681-92.

4.	 Cagney HP, Petty RD, Baxter MA. Immune checkpoint 
inhibition in advanced esophageal squamous cell 
carcinoma: how can we personalise management? J Thorac 
Dis 2023;15:3525-8.

5.	 Zhu K, Chen H, Xu C, et al. Efficacy and safety of 
immune checkpoint inhibitors versus chemotherapy in the 
second-line treatment of advanced esophageal squamous 
cell carcinoma: a meta-analysis and systematic review. J 
Thorac Dis 2023;15:1186-95.

6.	 Lin DC, Wang MR, Koeffler HP. Genomic and 
Epigenomic Aberrations in Esophageal Squamous Cell 
Carcinoma and Implications for Patients. Gastroenterology 
2018;154:374-89.

7.	 Cui Y, Chen H, Xi R, et al. Whole-genome sequencing of 
508 patients identifies key molecular features associated 
with poor prognosis in esophageal squamous cell 
carcinoma. Cell Res 2020;30:902-13.

8.	 Deng HY, Wang YC, Ni PZ, et al. Long noncoding RNAs 
are novel potential prognostic biomarkers for esophageal 
squamous cell carcinoma: an overview. J Thorac Dis 
2016;8:E653-9.

9.	 Ye R, Cao C, Xue Y. Enhancer RNA: biogenesis, function, 
and regulation. Essays Biochem 2020;64:883-94.

10.	 Jiao W, Chen Y, Song H, et al. HPSE enhancer RNA 
promotes cancer progression through driving chromatin 

looping and regulating hnRNPU/p300/EGR1/HPSE axis. 
Oncogene 2018;37:2728-45.

11.	 Zhang Z, Lee JH, Ruan H, et al. Transcriptional landscape 
and clinical utility of enhancer RNAs for eRNA-targeted 
therapy in cancer. Nat Commun 2019;10:4562.

12.	 Chen H, Du G, Song X, et al. Non-coding Transcripts 
from Enhancers: New Insights into Enhancer Activity 
and Gene Expression Regulation. Genomics Proteomics 
Bioinformatics 2017;15:201-7.

13.	 Adhikary S, Roy S, Chacon J, et al. Implications of 
Enhancer Transcription and eRNAs in Cancer. Cancer Res 
2021;81:4174-82.

14.	 Tong W, Zhu L, Bai Y, et al. Enhancer RNA LINC00242-
Induced Expression of PHF10 Drives a Better Prognosis in 
Pancreatic Adenocarcinoma. Front Oncol 2022;11:795090.

15.	 Wu H, Zhang J, Bai Y, et al. DCP1A is an unfavorable 
prognostic-related enhancer RNA in hepatocellular 
carcinoma. Aging (Albany NY) 2021;13:23020-35.

16.	 Jiang H, Chen H, Wan P, et al. Downregulation of 
enhancer RNA EMX2OS is associated with poor prognosis 
in kidney renal clear cell carcinoma. Aging (Albany NY) 
2020;12:25865-77.

17.	 Tian W, Chen K, Yan G, et al. A Novel Prognostic Tool 
for Glioma Based on Enhancer RNA-Regulated Immune 
Genes. Front Cell Dev Biol 2022;9:798445.

18.	 Goldman MJ, Zhang J, Fonseca NA, et al. A user guide for 
the online exploration and visualization of PCAWG data. 
Nat Commun 2020;11:3400.

19.	 Cai S, Hu X, Chen R, et al. Identification and Validation 
of an Immune-Related eRNA Prognostic Signature for 
Hepatocellular Carcinoma. Front Genet 2021;12:657051.

20.	 Newman AM, Liu CL, Green MR, et al. Robust 
enumeration of cell subsets from tissue expression profiles. 
Nat Methods 2015;12:453-7.

21.	 Yoshihara K, Shahmoradgoli M, Martínez E, et al. 
Inferring tumour purity and stromal and immune 
cell admixture from expression data. Nat Commun 
2013;4:2612.

22.	 Jiang P, Gu S, Pan D, et al. Signatures of T cell 
dysfunction and exclusion predict cancer immunotherapy 
response. Nat Med 2018;24:1550-8.

23.	 Xie SH, Lagergren J. Social group disparities in the 
incidence and prognosis of oesophageal cancer. United 
European Gastroenterol J 2018;6:343-8.

24.	 Rustgi AK, El-Serag HB. Esophageal carcinoma. N Engl J 
Med 2014;371:2499-509.

25.	 Kelly RJ. Emerging Multimodality Approaches to Treat 
Localized Esophageal Cancer. J Natl Compr Canc Netw 

https://creativecommons.org/licenses/by-nc-nd/4.0/


Jia et al. Prognostic biomarkers for ESCA 3282

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(12):3266-3283 | https://dx.doi.org/10.21037/tcr-23-777

2019;17:1009-14.
26.	 Melo CA, Drost J, Wijchers PJ, et al. eRNAs are 

required for p53-dependent enhancer activity and gene 
transcription. Mol Cell 2013;49:524-35.

27.	 Liu Y, Ding M, Gao Q, et al. Current Advances on the 
Important Roles of Enhancer RNAs in Gene Regulation 
and Cancer. Biomed Res Int 2018;2018:2405351.

28.	 Liang Y, Zhang Q, Xin T, et al. A four-enhancer RNA-
based prognostic signature for thyroid cancer. Exp Cell 
Res 2022;412:113023.

29.	 Liu J, Jia J, Wang S, et al. Prognostic Ability of Enhancer 
RNAs in Metastasis of Non-Small Cell Lung Cancer. 
Molecules 2022;27:4108.

30.	 Yang S, Zou X, Yang H, et al. Identification of 
Enhancer RNA CDK6-AS1 as a Potential Novel 
Prognostic Biomarker in Gastric Cancer. Front Genet 
2022;13:854211.

31.	 Kim TK, Hemberg M, Gray JM, et al. Widespread 
transcription at neuronal activity-regulated enhancers. 
Nature 2010;465:182-7.

32.	 Tang J, Wang X, Xiao D, et al. The chromatin-associated 
RNAs in gene regulation and cancer. Mol Cancer 
2023;22:27.

33.	 Cai Z, Cao C, Ji L, et al. RIC-seq for global in situ 
profiling of RNA-RNA spatial interactions. Nature 
2020;582:432-7.

34.	 Sigova AA, Abraham BJ, Ji X, et al. Transcription factor 
trapping by RNA in gene regulatory elements. Science 
2015;350:978-81.

35.	 Lai F, Orom UA, Cesaroni M, et al. Activating RNAs 
associate with Mediator to enhance chromatin architecture 
and transcription. Nature 2013;494:497-501.

36.	 Lee JH, Wang R, Xiong F, et al. Enhancer RNA m6A 
methylation facilitates transcriptional condensate 
formation and gene activation. Mol Cell 2021;81:3368-
3385.e9.

37.	 Bose DA, Donahue G, Reinberg D, et al. RNA Binding to 
CBP Stimulates Histone Acetylation and Transcription. 
Cell 2017;168:135-149.e22.

38.	 Mou J, Chen J, Wu Y, et al. WDFY3-AS2: A Potential 
Prognostic Factor and Therapeutic Target Related to 
Cancer. Curr Med Chem 2023;30:2814-21.

39.	 Jayant K, Habib N, Huang KW, et al. Immunological 
Basis of Genesis of Hepatocellular Carcinoma: Unique 
Challenges and Potential Opportunities through 
Immunomodulation. Vaccines (Basel) 2020;8:247.

40.	 Peña-Romero AC, Orenes-Piñero E. Dual Effect of 
Immune Cells within Tumour Microenvironment: Pro- 

and Anti-Tumour Effects and Their Triggers. Cancers 
(Basel) 2022;14:1681.

41.	 Fialkow L, Wang Y, Downey GP. Reactive oxygen 
and nitrogen species as signaling molecules regulating 
neutrophil function. Free Radic Biol Med 2007;42:153-64.

42.	 Mahoney KM, Rennert PD, Freeman GJ. Combination 
cancer immunotherapy and new immunomodulatory 
targets. Nat Rev Drug Discov 2015;14:561-84.

43.	 Sharma P, Hu-Lieskovan S, Wargo JA, et al. Primary, 
Adaptive, and Acquired Resistance to Cancer 
Immunotherapy. Cell 2017;168:707-23.

44.	 Zheng Y, Chen Z, Han Y, et al. Immune suppressive 
landscape in the human esophageal squamous 
cell carcinoma microenvironment. Nat Commun 
2020;11:6268.

45.	 Duan J, Xie Y, Qu L, et al. A nomogram-based 
immunoprofile predicts overall survival for previously 
untreated patients with esophageal squamous cell 
carcinoma after esophagectomy. J Immunother Cancer 
2018;6:100.

46.	 Yuan C, Xiang L, Cao K, et al. The prognostic value of 
tumor mutational burden and immune cell infiltration in 
esophageal cancer patients with or without radiotherapy. 
Aging (Albany NY) 2020;12:4603-16.

47.	 Wang X, Li M. Correlate tumor mutation burden with 
immune signatures in human cancers. BMC Immunol 
2019;20:4.

48.	 Iglesia MD, Parker JS, Hoadley KA, et al. Genomic 
Analysis of Immune Cell Infiltrates Across 11 Tumor 
Types. J Natl Cancer Inst 2016;108:djw144.

49.	 Bailey P, Chang DK, Nones K, et al. Genomic analyses 
identify molecular subtypes of pancreatic cancer. Nature 
2016;531:47-52.

50.	 Thorsson V, Gibbs DL, Brown SD, et al. The Immune 
Landscape of Cancer. Immunity 2018;48:812-830.e14.

51.	 Zhao Y, Xu L, Wang X, et al. A novel prognostic 
mRNA/miRNA signature for esophageal cancer and its 
immune landscape in cancer progression. Mol Oncol 
2021;15:1088-109.

52.	 Hwang HJ, Oh MS, Lee DW, et al. Multiplex quantitative 
analysis of stroma-mediated cancer cell invasion, matrix 
remodeling, and drug response in a 3D co-culture model 
of pancreatic tumor spheroids and stellate cells. J Exp Clin 
Cancer Res 2019;38:258.

53.	 Quail DF, Joyce JA. Microenvironmental regulation 
of tumor progression and metastasis. Nat Med 
2013;19:1423-37.

54.	 Stein Y, Aloni-Grinstein R, Rotter V. Mutant p53-a 



Translational Cancer Research, Vol 12, No 12 December 2023 3283

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(12):3266-3283 | https://dx.doi.org/10.21037/tcr-23-777

potential player in shaping the tumor-stroma crosstalk. J 
Mol Cell Biol 2019;11:600-4.

55.	 Zhang C, Cheng W, Ren X, et al. Tumor Purity as an 
Underlying Key Factor in Glioma. Clin Cancer Res 
2017;23:6279-91.

56.	 Lou S, Zhang J, Yin X, et al. Comprehensive 
Characterization of Tumor Purity and Its Clinical 
Implications in Gastric Cancer. Front Cell Dev Biol 
2022;9:782529.

Cite this article as:  J ia  L, Chen J,  Zhao J ,  Yang J . 
Identification of enhancer RNA AC005515.1 as a novel 
biomarker for prognosis in esophageal cancer and predictors 
of immunotherapy response. Transl Cancer Res 2023;12(12):3266-
3283. doi: 10.21037/tcr-23-777



© Translational Cancer Research. All rights reserved. https://dx.doi.org/10.21037/tcr-23-777

Table S1 Clinicopathological characteristics of ESCA patients from 
TCGA database

Variables Subgroup Patients (n=161), n (%)

Age (years) ≤60 83 (51.6)

>60 78 (48.4)

Gender Male 138 (85.7)

Female 23 (14.3)

Grade 1 16 (9.9)

2 66 (41.0)

3 43 (26.7)

G 36 (22.4)

Stage I 16 (9.9)

II 68 (42.2)

III 49 (30.4)

IV 8 (5.0)

Unknown 20 (12.4)

Tumor status Tumor free 61 (37.9)

With tumor 34 (21.1)

Unknown 66 (41.0)

Vital status Dead 64 (39.8)

Alive 97 (60.2)

ESCA, esophageal cancer; TCGA, The Cancer Genome Atlas.

Table S2 Multivariate Cox proportional hazard model analyses results of ESCA patients

Variables Group b SE Wald P HR HR 95% CI 

AC005515.1 Low-expression 0*

High-expression 1.6 0.72 4.96 0.03 4.94 1.21–20.13

Age (years) −0.03 0.03 1.04 0.31 0.97 0.92–1.03

Gender Female 0*

Male 0.6 1.22 0.24 0.62 1.82 0.17–19.88

Tumor status With tumor 0*

Tumor free −2.2 0.89 6.17 0.01 0.11 0.02–0.63

Stage Early-stage 0*

Late-stage 1.06 0.72 2.22 0.14 2.90 0.71–11.78

Grade 12.27 0.01

1 −0.63 1.28 0.24 0.62 0.53 0.04–6.53

2 −1.23 1.39 0.78 0.38 0.29 0.02–4.47

3 2.84 1.39 4.18 0.04 17.11 1.13–259.97

*, control group. Early-stage = stage I + stage II; late-stage = stage III + stage IV. ESCA, esophageal cancer; HR, hazard ratio; CI, 
confidence interval.
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Table S3 Validation of AC005515.1 prognostic and co-expression genes in pan-cancer*

eRNA Co-expression genes KIRP LGG MESO OV SKCM THCA UVM

AC005515.1 CCL8 0.33 0.18 0.54 0.55 0.64 0.38 0.58

AC005515.1 CD274 0.22 0.39 0.34 0.57 0.71 0.56 0.51

AC005515.1 CD300A 0.15 0.34 0.30 0.29 0.53 0.59 0.71

AC005515.1 CD80 0.35 0.45 0.41 0.44 0.64 0.57 0.46

AC005515.1 CD86 0.15 0.31 0.40 0.41 0.65 0.67 0.67

AC005515.1 CTLA4 0.37 0.38 0.42 0.45 0.39 0.74 0.72

AC005515.1 FOXP3 0.37 0.08 0.39 0.40 0.57 0.64 0.50

AC005515.1 HAVCR2 0.11 0.33 0.35 0.37 0.66 0.66 0.70

AC005515.1 IDO1 0.32 0.56 0.66 0.66 0.78 0.62 0.82

AC005515.1 IL2RA 0.23 0.37 0.10 0.28 0.53 0.58 0.55

AC005515.1 IL4I1 0.23 0.46 0.55 0.36 0.67 0.68 0.70

AC005515.1 LAG3 0.45 0.21 0.71 0.50 0.79 0.72 0.80

AC005515.1 LILRB4 0.11 0.28 0.37 0.37 0.63 0.63 0.58

AC005515.1 MNDA 0.24 0.28 0.20 0.39 0.62 0.64 0.61

AC005515.1 TIGIT 0.46 0.25 0.53 0.43 0.76 0.76 0.82

*, AC005515.1 with co-expressed genes in all tumors above Spearman correlation P value <0.001. eRNA, enhancer RNA; KIRP, kidney 
renal papillary cell carcinoma; LGG, brain lower grade glioma; MESO, mesothelioma; OV, ovarian serous cystadenocarcinoma; SKCM, 
skin cutaneous melanoma; THCA, thyroid carcinoma; UVM, uveal melanoma.


