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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,
ACO005515.1 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 ESCAs 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 (IncRNA) 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
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¢ 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.

e 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.
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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 DCPI1A 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 IncRNA 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 (RINAseq)
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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 (KEGGQG) 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
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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”,
“gopubr”, 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
ACO005515.1 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
ACO005515.1 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 14,1B; FDR <0.05, llogFCI >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 WDFY3-4S2 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/ter-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 24, 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 IDOI, 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).
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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
ACO005515.1 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 4A4), 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
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Figure 1 Identification of prognostic eRINAs of ESCA. Volcano plots showing differentially expressed mRNA (A) and eRNA (B) in ESCA.
Red indicated up-regulated genes, and green indicated down-regulated genes. (C) Five eRNAs were identified to be associated with the
prognosis of ESCA. (D-H) The Kaplan-Meier survival analysis showed a prognostic relationship between the five eRNAs and ESCA. FC,
fold change; FDR, false discovery rate; DEeRNA, differentially expressed eRNA; PReRNA, prognostic related eRNA; eRNA, enhancer
RNA; ESCA, esophageal cancer.
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Table 1 The list of 34 eRINAs associated with prognosis in ESCA genes in pan-cancer. Our results showed that AC005515.1
Gene KM P value has potential prognostic value in multiple tumors and a
AL390879.1 0.0021 co-expression relationship with immune checkpoint genes

(Figure 5, Table S3).
LINCO1006 0.0031
KCP 0.0075

The bigh AC005515.1 expression group showed higher
AP000943.1 0.008 + . .

CDS&" T cells and M1 macrophages infiltration
WDFY3-AS2 0.0085

To analyze the composition of immune cells in AC005515.1
LINCOT714 0.0187 low- and high-expression groups, we used CIBERSORT
AC012368.1 0.0143 to obtain immune cell infiltration data and analyzed the
AC025871.2 0.0179 correlation between AC005515.1 expression and immune
AP000688.3 0.0201 cell infiltration. In ESCA, we found that QDS T c.ells

and M1 macrophages were more abundant in the high-
AC098828.2 0.0204 expression group and positively correlated with AC005515.1
AC098934.1 0.0214 (Figure 6A4); however, MO macrophages were more abundant
AF241728.1 0.0217 in the low-expression group and negatively correlated
AC005515.1 0.0218 with AC005515.1 (Figure 6A). Interestingly, we found the

’ ' same results in KIRP, LGG, MESO, OV, SKCM, THCA,

AC245140.1 0.023 and UVM (Figure 6B-6H). Moreover, we found that M2
TMEM225B 0.0232 macrophages were increased in the low-expression group
AP001781.1 0.025 compared with the high-expression group in KIRP, MESO,

OV, SKCM, THCA, and UVM (Figure 6B,6D-6H).
AC092490.1 0.0259
AL021391.1 0.0274

Association of AC005515.1 expression with immune
AP001596.1 0.0286 . .

function, immune subtypes, and TME of ESCA
Clorf61 0.0288

We found an important immunological role of AC005515.1
AP003469.2 0.0344 . .

in pan-cancer. To further understand the prognostic role
JPX 0.0349 of AC005515.1 in ESCA, we next analyzed the association
FTX 0.0381 of ACO05515.1 expression with immune function, immune
AC007255.1 0.0395 subtypes, TME, characteristics of tumor stem cells, and

TMB. Firstly, the results of the immune function analysis
AP000696.1 0.0411 . . .

suggested that all immune functions except type 2 interferon
SLC44A3-AST 0.0415 response, scored higher in the AC005515.1 high-expression
SPAAR 0.0415 group (Figure 74). Secondly, we found that the tumor
AC022613.1 0.0415 immune subtype in ESCA patients was mainly C2 (IFN-y

dominant, 76/151, Figure 7B). AC005515.1 was expressed
AC108749.1 0.0419 at a higher level in C2 compared with other immune
TMEM88B 0.045 subtypes. As is well known, TME plays a crucial role in the
AC021028.1 0.0451 occurrence and development of tumors. Therefore, we also
1 INCOT271 0.0455 explored the relationship between ACQ05515.I an‘d TME.

Notably, AC005515.1 showed a positive correlation with
CCDC18-AST 0.0493 the stromal score, immune score, and ESTIMATE score
FOXP4-AS1 0.0493 (Figure 7C). Our findings suggested that high expression
eRNA, enhancer RNA; ESCA, esophageal cancer; KM, Kaplan- levels of ACO05515.1 were signiﬁcantly associated with
Meier. lower tumor purity. In addition, we further explored the
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Figure 2 Identification of co-expressed genes of prognostic-related eRINAs in ESCA. Gene ontology term (A) and KEGG (B) enrichment

analysis results of co-expressed genes. The top ten significant pathways were shown based on the P value of enrichment analysis. (C)

AC005515.1 was significantly correlated with immune checkpoint genes. (D) Immune checkpoint genes were increased in the high-
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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 bigh AC005515.1 expression bad
higber TIDE scores

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

© Translational Cancer Research. All rights reserved.

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
ACO005515.1 was also associated with tumor prognosis including KIRP (A), LGG (B), MESO (C), OV (D), SKCM (E), THCA (F), and
UVM (G). 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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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

melanoma; THCA, thyroid carcinoma; UVM, uveal melanoma.

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



3276 Jia et al. Prognostic biomarkers for ESCA

6
Cancer: ESCA = Low expression "~ |Cancer: KIRP mm | ow expression
s mm  High expression c * mm  High expression
S . S
£ 0.4 £ 0.4
£ o E
o )
5 0.2 5 024w .
£ £ -
) i WL ool 1 ”
0.0 l ! Lol “ L Q ll 0.0 11 [ 41
AC005515.1p%07 u)ﬂ UX7 [ o] X 28]032] 025]: o)Qz u)(o1oz1\oszcs]oaf a54] 5] 0s] -6 Xo-0.19[0.16] @67 AC005515.1[0.25 [0:19] @65 [oa1] X }n 19029 035|u19 [oxe }0)45|0X5}0X1 017|t‘s|024|o11|ma|mz [-040 a oX
2 O N @ o\ 2 Q
y (ﬁz&od S & ﬁ\ & & S é}\& & FEEER "-\\elﬁeb R & §°§ & e &P S &\.\ g\\‘\@‘ LSS ee“\?@\“b FSAOR @ﬁee’ & @° S
N °<\<°\\°*<;-«°e,°«6@«&«0&&&«"'\@&@0\& \“"@”\\"ov&a& @a\o‘@&&qg«é‘ga«%
oe\e.,begood'b\’bd&@o\\%o\‘\o ’b,¢'b$'b\\‘ﬂ RO a‘\\éod’ooc\"’\"’(,('\@\\«,"\&"é“’v'b&@\\a”\\«,’” B
@7 P S FE S T F S F PP Y R R S R e
& y
] &aohé‘ & \\,’\ & °Q>\"z ee*. & S 3 ELE & Q\\””\ g o»\ ‘Aé‘ Rty (\&\\ RO\ 'b,,\
PP e A FFE g0 A 3 W
NSRS 2O N
&(‘0 5 T (7}\6
&
0.9 0.6 =
Cancer: LGG = | ow expression Cancer: MESO = | ow expression
s == High expression s == High expression
= =
B 0.6 £ o4 -
© ©
=4
5 0.3 - 502 i o
2 . £ -
- I “ X i = oo il 11 e AU 1
£ N = -
ool it o | .ll L] ool L “«huu e L
AC005515.1[003] 065 o)da\osa|o14|oz1|um|mz\o)¢7|om }ooepbodruz4|ozs|@|]ma| a@s{o)(s o-10[ 02907 [oX AC005515.1 0)é0|uzt|oao|033| X }oazloaa OXﬁlo)b[oxsbbﬁdoaslozzl %ZIOI oxsw)(s]oazlozs]azsl 040064
o
(\"b\&&é* e§z00 o@é é‘cq4'b‘ebe}‘27}«¢§ be‘? é‘\(\q ®b$ ;\9 e\& e&e“& QQ’ bff\% & <\°\4 \\ & ﬁe&'b v\Q@ \@ \(\Q & G\\&a”\& e”ée’:‘ag\& < \& '&60‘2\‘60(?\a
2 & LI fbé) & 6@\%@0‘; &S &\9@ 'b& 9 ® ‘J\ 5° & o Oh <}s\"“ d 6\’P\\"‘ \\ QQ(\"’Q@Q & e ’b° P
ol e 1S é“é:@ SO @‘y&&o&@\g \‘9\\& L Q’;‘P\\e o 0 «Pd@‘o)o\y ﬂ& & i@q SEL P ¥
N 2"
2 <& th & e\g\O @Q&@\'v <~ é{' @ro \g ¥ c&\&\ “fo\s”a ~i b‘zb- q,o 0\\%\@‘@/\“0\\ é. Rk @" (b‘\ RO o\\';}
O S S ) &
R O §° O & J
&oéc,”\\" & ’\00 c?}\a “
0.6 = 0.9 =
Cancer: OV Em | ow expression Cancer: SKCM | ow expression
s - High expression 5 mm  High expression
S = .
£ 04+ £ 06+
E . € .
© - 2
S 0.2 S 0.3
2 . g - -
0.0 H Ll lll“ 0.0 | “HJh“ |1L L hl
A000551510X3[ UX2\022]020| X \o11|025]oz4|®61[014\&6 )da|4)25‘032|4 13\@6&]023|012|024| 361] 47| AC005515.1|0)d2] o] 0|S|.I X 4)29043 0)(7 Jo24]-063].025 0,45 019 \‘4 @u |00 0)s[.0.13 0402207 |-0.14
. O © O N RGNS 5 @ °
(\'b‘\ & o"> Oo ({b\‘\ e\‘ 4’” \Qo GQ‘ bé\? ‘\(\.4 ebc\\e N @ “\ eo N & oq“\ é‘& (\’b\4 0¢\° o"} aOQ @\ \‘Q @‘ @\Q @9 &’? \\Q.é’b‘ d"& & a" o" 0@‘\‘9@‘ é\e.\'@bq\ &
¥ ECLPFEFTSTC @ R R S S OIS ARG SN LSS S
& @ c@occ\'b\’bde@e}\%’b\‘\o ?° & f»\\efo\\'oooae <»°\%o"°006"\°d@@\\r°°¢° S PP O
o ¥ U S O <>°Q<>°§o W oF $F ¥ <5 ¢ aé‘éodé\\‘?\gb@& e VS S S FgeF e @
O & &
? & 6@6\\\‘9\ S TE ¢ @ o (\b&{;\\o W ? (L T OO
S PP e A & & W~ S P e A & & W~
o & AT P 53 RS2
& 2 A &
,\o“ A ,\(?’
0.6 0.6 -
Cancer: THCA EE | ow expression Cancer: UVYM ~@l Low expression
c = High expression c High expression
ke} k) -
® ®
g 0.4 e 0.4
£ £
2 . o
S 0.2 S 0.2
o
0.0 11 I| L 0.0 ML L1 4 A‘ 1,
AC005515.1[087 017 o] 013 [9s] z|o45|o44 nta 0.19 4310(;2 nzz\mn Ou.! uzs[o11|o1 0134)1 042 AC005515.1| 7 [ 0d2] 01| dige] X \.9](‘[1147|nss|o¥2|ﬂ)(8| >é9|025] Nal.|®|023|oxa\ .7|u)(2|cﬂs[n>(1
& P P e .S o &P @ & D ® ® @ S P P PO EED ) qP & D ® ©
5 ooqu\a &S _\@\@Q e,% K & Q@wéeé&c}\, \ﬁ&,}\@@\.o&e\@é\ %((o\ Q@ &S & 5 @ \Q&Qo& D Qﬁa‘;“aﬁ&;}\ S oé\%éz‘\
FLELSFT L@ SOOI S OGP SO N \OPd  « @06\&@9@96 & @ rb°\\>
of ¢ F AL S r&"d&ﬂ_&\ go VIS L Pye ‘P\@\% ¢ SEd Q\"’r’ ’\6@ & S r»\d&&»{- YIS S "e}\é‘»‘\r’ @ 4
> & L N & S oSS & S > S &N & NS S
&oob‘@ & \\%K & &\\% S é*‘ Rt (\&\\\ & s 4 &ooh@& \\%\0 & o°\ S %J‘— Rty q&\\‘ & &
S 0&. PN & & W~ kS @ P A & & W
&0 A o & \\ao A g
,\o° )i

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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Figure 8 AC005515.1 predicting response to ICB therapy. Violin plots depict differences in TIDE scores, MSI, exclusion, and T cell
dysfunction between AC005515.1 high- and low-expression groups in ESCA (A), MESO (B), OV (C), SKCM (D), and THCA (E),
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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
eRINA 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; eRINAs’ 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 eRINAs.

In this study, we used bioinformatics to identify eRINAs 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 4C005515.1
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
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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
ACO05515.1 dysfunction were also scored higher. This may
be an important reason why 4AC005515.1 affects tumor
prognosis.

Based on the expression of AC005515.1, we
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 4/. identified
six immune subtypes in human tumors, including wound
healing (C1), IFN-y dominant (C2), inflammatory (C3),
lymphocyte depleted (C4), immunologically quiet (C5),
and T'GF-B 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 4C005515.1
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 er 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

© Translational Cancer Research. All rights reserved.
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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
ACO005515.1 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 4C005515.1 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.
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Supplementary

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 | 16 (9.9)
Il 68 (42.2)
n 49 (30.4)
v 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% Cl
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 | + stage ll; late-stage = stage lll + stage IV. ESCA, esophageal cancer; HR, hazard ratio; Cl,
confidence interval.

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



Table S3 Validation of AC005515.1 prognostic and co-expression genes in pan-cancer”

eRNA Co-expression genes KIRP LGG MESO ov SKCM THCA UuvM
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 IL411 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.
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