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Bioinformatics analysis of necroptosis-related IncRNAs
and immune infiltration, and prediction of the
prognosis of patients with esophageal carcinoma
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Abstract. Esophageal carcinoma (ESCA) is one of the most
common malignancies in the world, and has high morbidity
and mortality rates. Necrosis and long noncoding RNAs
(IncRNAs) are involved in the progression of ESCA; however,
the specific mechanism has not been clarified. The aim of the
present study was to investigate the role of necrosis-related
IncRNAs (nrlncRNAs) in patients with ESCA by bioinfor-
matics analysis, and to establish a nrlncRNA model to predict
ESCA immune infiltration and prognosis. To form synthetic
matrices, ESCA transcriptome data and related information
were obtained from The Cancer Genome Atlas. A nrlncRNA
model was established by coexpression, univariate Cox
(Uni-Cox), and least absolute shrinkage and selection operator
analyses. The predictive ability of this model was evaluated by
Kaplan-Meier, receiver operating characteristic (ROC) curve,
Uni-Cox, multivariate Cox regression, nomogram and calibra-
tion curve analyses. A model containing eight nrlncRNAs was
generated. The areas under the ROC curves for 1-,3- and 5-year
overall survival were 0.746, 0.671 and 0.812, respectively. A
high-risk score according to this model could be used as an
indicator for systemic therapy use, since the half-maximum
inhibitory concentration values varied significantly between
the high-risk and low-risk groups. Based on the expression of
eight prognosis-related nrincRNAs, the patients with ESCA
were regrouped using the ‘ConsensusClusterPlus’ package to
explore potential molecular subgroups responding to immu-
notherapy. The patients with ESCA were divided into three
clusters based on the eight nrlncRNAs that constituted the risk
model: The most low-risk group patients were classified into
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cluster 1, and the high-risk group patients were mainly concen-
trated in clusters 2 and 3. Survival analysis showed that Cluster
1 had a better survival than the other groups (P=0.016). This
classification system could contribute to precision treatment.
Furthermore, two nrincRNAs (LINC02811 and LINC00299)
were assessed in the esophageal epithelial cell line HET-1A,
and in the human esophageal cancer cell lines KYSE150 and
TE1. There were significant differences in the expression levels
of these IncRNAs between tumor and normal cells. In conclu-
sion, the present study suggested that nrilncRNA models may
predict the prognosis of patients with ESCA, and provide guid-
ance for immunotherapy and chemotherapy decision making.
Furthermore, the present study provided strategies to promote
the development of individualized and precise treatment for
patients with ESCA.

Introduction

Esophageal carcinoma (ESCA) is one of the most common
cancers in the world. According to statistics, there were over
600,000 new cases of esophageal cancer worldwide and over
540,000 related deaths in 2020; it ranked 7th in incidence and
6th in mortality among all cancers (1). The tissue subtypes of
esophageal cancer are divided into esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarcinoma (EAC),
of which ESCC is the main subtype. The incidence and
distribution of histological types vary according to geographic
location. ESCC accounts for more than 90% of esophageal
cancer cases in developing countries, and approximately 50%
of new cases occur in China; its incidence is increasing each
year (2,3). With the rapid development of medical technology,
many methods are being used to treat ESCC, and these
methods include surgery, chemotherapy, radiotherapy, and
immune checkpoint inhibitor therapy.

However, the early symptoms of ESCC patients are not
obvious, and the disease is typically in an advanced stage at
diagnosis, which leads to a poor prognosis in ESCC patients;
ESCC has a 5-year survival rate of only 14~22% (4-6).
Esophageal cancer has become one of the deadliest cancers,
mainly due to its high aggressiveness and low survival rate.
Therefore, novel biomarkers of esophageal cancer are urgently
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required to facilitate early diagnosis, tumor-targeted drug
development and ESCA prognosis prediction.

Necroptosis is a form of programmed inflammatory cell
death that was first reported by Degterev et al (7). Necroptosis
involves a phosphorylation signal mediated by serine/threo-
nine protein kinase 1/3 (RIPK1/RIPK3). Necrosis shares a
common pathway with apoptosis: the mixed lineage kinase
domain protein (MLKL/pMLKL) pathway (8,9). This pattern
involves necrotic cell death; the related morphological features
include lysosomal membrane degradation, cytoplasmic vacu-
olation, plasma membrane disintegration, and finally, explosive
cell rupture (10,11). In recent years, increasing evidence has
shown that necroptosis plays an important role in tumorigen-
esis, metastasis, and the tumor immune response. It has been
reported that activation of the necrosis-related genes RIPK1
and RIPK3 or necrosis-related signaling pathways is involved
in the regulation of tumor cell metabolic biological processes
and the tumor microenvironment (12-15). Studies have shown
that necroptosis can not only promote the occurrence and
development of cancer but also inhibit the occurrence and
development of cancer, and its specific role depends on the
type of tumor and its developmental stage. Low expression of
RIPK3 facilitates resistance to necroptosis in some tumors,
such as acute myeloid leukemia (16), chronic lymphocytic
leukemia (17) and breast adenocarcinoma (18), and thus can
readily promote tumor growth. However, high levels of phos-
phorylated MLKL have been shown to be associated with a
poor prognosis in patients with colon cancer (19) and esopha-
geal cancer (20). Necroptosis may play an important role in
eliciting immunogenicity and promoting natural anticancer
immune surveillance. Studies have shown that tumor cells
undergo necroptosis to release IL-la to activate dendritic cells
(DCs). Activated DCs induce antitumor immune responses
by producing the cytotoxic cytokine IL-12 and activating
CD8+ T cells to eliminate cancer cells (21,22). Similarly,
damage-associated molecular patterns (DAMPs) from necrotic
tumor cells strongly induce the activation of antitumor CD8+
T cells (23). It has also been shown that NKT cells are involved
in RIPK3-mediated antitumor immune responses, as the loss
of RIPK3 impairs the activation of NKT cells to prevent tumor
killing (24). All these findings suggest that necroptosis inhibits
tumor initiation and progression. On the other hand, tumor
cell metastasis is the main cause of death in cancer patients.
Metastasis refers to the dissemination of individual tumor
cells through the circulatory system to other distant organs for
further growth. Necroptosis can promote tumor development
and metastasis through a variety of mechanisms. Extravasation
of tumor cells through the endothelium is an important step
in metastatic spread. Tumor cells induce the necroptosis of
endothelial cells by activating death receptor 6 (DR6 encoded
by TNFRSF21), another member of the death receptor family,
thereby promoting tumor cell extravasation and metastasis. In
mice treated with Nec-1 or mice with endothelial cell-specific
knockout of RIPK3 or MLKL, we observed a reduction in
tumor cell-induced necroptosis of endothelial cells, which
thereby reduced tumor cell extravasation and metastasis (25).
In addition, metastasis also involves a complex interaction
between cancer cells and the tumor microenvironment, which
involves factors including immune cell infiltration and cyto-
kine secretion. Necroptosis is a type of proinflammatory cell

death, and the inflammatory response caused by necroptosis
may lead to tumor metastasis. In pancreatic ductal adeno-
carcinoma (PDAC), RIPK3 knockout tumor cells undergo
necroptosis and release soluble cytokines that bind to recep-
tors on inflammatory cells; for example, cytokine SAP130 is
released and binds its cognate receptor Mincle, thereby initi-
ating an immunosuppressive tumor microenvironment and
promoting the progression of PDAC (26). Therefore, studying
necroptosis-related genes in tumor cells and their regulatory
mechanisms is expected to reveal a target for ESCA therapy.

Long noncoding RNAs (IncRNAs) refer to noncoding
RNAs with a length greater than 200 nucleotides that lack
protein-coding ability and can play a variety of important
biological roles in cells (27). It has been reported that IncRNAs
participate in and exacerbate tumor inflammation and tumor
microenvironment disorder and prevent tumor immune
escape (28). LINC00680 promotes esophageal squamous
cell carcinoma progression through the miR-423-5p/PAK6
axis. Knockdown of LINC00680 was found to inhibit ESCC
cell proliferation, colony formation, migration and invasion
in vitro and tumor growth in vivo (29). LncRNA ZEB2-ASI
is upregulated in ESCC tissues and cells vs. corresponding
controls. It has been verified to promote the prolifera-
tion, migration and invasion of esophageal squamous cell
carcinoma cells by modulating the miR-574-3p/HMGA2
axis (30). In addition, IncRNA necrosis-related factor (NRF)
regulates cardiomyocyte necroptosis by targeting miR-873
and RIPK1/RIPK3 (31). Previous studies have reported that
IncRNAs associated with necrosis can be used to predict the
features of many tumors (including head and neck squamous
cancer, gastric cancer, colon cancer and breast cancer) and
their immune environment (32-35). However, the relationship
between IncRNAs and necrosis in ESCA remains unclear
and needs further investigation. Therefore, a prognostic
risk model of necrosis-related IncRNAs (nrincRNAs) was
constructed in this study to predict the prognosis of ESCA
patients and provide guidance for clinical diagnosis and
treatment.

Materials and methods

Acquisition of transcriptome-level gene expression data
and clinical data for patients with esophageal cancer. RNA
sequencing-seq (RNA-seq) transcriptome data for patients
with ESCA were downloaded from the TCGA-ESCA dataset
(https://portal.gdc.cancer.gov/); the related samples included 11
normal samples and 161 ESCA tumor samples (last accessed:
10 May 2022). To reduce potential statistical bias in the sample
analysis, patients with no OS data or short OS time (<30 days)
were excluded, and patients in the TCGA-ESCA cohort were
randomly divided into the training risk group and the test risk
group with Strawberry Perl at a ratio of 1:1.

Identification of nrlncRNAs. According to previous studies,
we downloaded the necroptosis gene set M24779.gmt from the
Gene Set Enrichment Analysis (GSEA) website (http:/www.
gsea-msigdb.org/gsea/index.jsp) and further extracted 8
necroptosis-related genes and 59 other genes (36). Then,
correlation analysis was performed for 67 necroptosis-related
genes and differentially expressed IncRNAs in the combined
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matrices via Strawberry Perl and R software. Then, nrln-
cRNAs were identified with the criteria of IPearson RI>0.4 and
P<0.001.

Establishment and validation of the risk signature according
to nrincRNAs in ESCA. Univariate Cox (Uni-Cox) regression
was used to screen IncRNAs associated with prognosis with
P<0.05. Then, LASSO Cox analysis was performed to screen
nrlncRNAs by 10-fold cross-validation, and the risk model
P-value was 0.05. The number of resamples was increased to
more than 1,000 to prevent overfitting error. Finally, the previ-
ously defined formula Risk score=Y(nrIncRNA') coefficient x
(nrlncRNA") expression was used to establish the prognostic
risk profiles with eligible nrincRNAs. ESCA patients in the
TCGA cohort were divided into a low-risk group and a high-risk
group in accordance with the median risk score. Kaplan-Meier
(KM) survival analysis and log-rank test were performed
using the survival R package to analyze whether there were
differences in OS in the low-risk group of ESCA patients. That
survival curves cross over may affect the results of log-rank
analysis. When survival curves cross over, we reanalyze this
dataset by the two-stage test (R package: https://cran.r-project.
org/web/packages/TSHRC/TSHRC.pdf). The chi-square test
was used to analyze the relationship between the model and
clinical features to assess the prognostic value of the estab-
lished risk features. Receiver operating characteristic (ROC)
curves (l-year, 3-year, and 5-year survival rates) and the area
under the ROC curve (AUC) values were evaluated to demon-
strate the validity of the prediction model and compare its
performance to that of models based on other clinical charac-
teristics. Nomogram analysis was carried out via Uni-Cox and
Multi-Cox analyses to evaluate survival predictions.

Enrichment analysis of genes. The related gene set (KEGG.
v7.4.symbols. GMT) was analyzed by GSEA software
version 4.2.3. The top 5 pathways in the low- and high-risk
groups were selected based on the criterion of P<0.05.

Assessment of immune factors and the tumor microenviron-
ment. We downloaded all the data on TCGA tumor invasion
estimates from the website http:/timer.cistrome.org/. Then, a
variety of methods, including the Wilcoxon signed-rank test
and analyses with the limma, scales, ggplot2, ggtext, tidyverse
and ggpubr R packages, were employed, consistent with a
previous report (37). Moreover, the stromal score, immune
score, and ESTIMATE score (stromal score + immune score)
of each patient were calculated. Then, single-sample GSEA
(ssGSEA) was used to score the infiltrating immune cells in
ESCA, and their relative content was quantified by the ‘GSVA’
package. The immune cell scores and pathways scores for
various groups are shown on multiple boxplots. Finally, we
analyzed and explored the differences in immune functions,
immune cell infiltration and checkpoint expression levels
between the low- and high-risk groups via the ggpubr R
package.

Association between the risk model and clinical treatment.
According to half-maximal inhibitory concentration (IC50)
data for ESCA from the Genomics of Drug Sensitivity in
Cancer (GDSC) database (https://www.cancerrxgene.org/),

we used the ‘pRRophetic’ package to compare the therapeutic
response between the low-risk and high-risk groups (38). This
study focused on the analysis and comparison of the response
to 48 commonly used chemotherapy drugs. When the P-value
was less than 0.05, the IC50 values of the low-risk group and
high-risk group were considered to be significantly different
according to the Wilcoxon rank sum test.

Cluster analysis of prognostic nrincRNAs. We evaluated
the expression of nrilncRNAs related to prognosis using the
‘ConsensusClusterPlus’ package and assessed their ability to
predict the response of ESCA patients to immunotherapy (39).
Subsequently, K-M survival analysis, principal component
analysis (PCA), and t-distributed stochastic neighbor embed-
ding (t-SNE) were carried out with the Rtsne R package.
Additionally, analyses of immune features and drug suscepti-
bility were performed were performed with the GSVA and the
pRRophetic R packages.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). The esophageal epithelial cell line HET-1A
and human esophageal cancer cell lines KYSE150 and
TE1 were provided by the Research Center of the Fourth
Hospital of Hebei Medical University. Total RNA of cells
was extracted and purified using the TransZol Up Plus
RNA Kit (TransGen Biotech, Beijing, China) according
to the manufacturer's instructions. Total RNA was used
to synthesize cDNA via the InRcute IncRNA First-Strand
cDNA kit (TTANGER, China). BlasTaq 2X qPCR Master
Mix (Ab, China) was used for the PCR amplification process.
All experimental procedures were carried out according
to the commercial instructions. Because the AC090912.2,
AC244197.2, AL158166.1, AC079684.1, AP003696.1, and
AC026741.1 products may be artifacts or may not correspond
to gene annotations, six gene primer pairs were designed for
verification. Primers for LINC02811 and LINC00299 were
designed and validated by PCR in three types of esophageal
cells. The primer sequences for PCR amplification were as
follows: LINCO02811, forward: 5-TTGGCACACTTAGCA
AGGACTGAC-3', reverse: 5'-CTTCTGCCTCATTTCTGT
CCTCCAC-3'; and LINC00299, forward: 5-TCTGAAGTC
ACCTGCCCTATCTGG-3', reverse: 5-TCCACTTGCCAC
TGCTTGCTTATC-3'. Each condition was replicated three
times, and the quantitative analysis of gene expression
was calculated by the 2224 method. GAPDH was used as
the internal control. The differences in LINC02811 and
LINCO00299 expression among HET-1A, KYSE150 and
TEl were assessed by a one-way ANOVA and Bonferroni
correction post hoc test. GraphPad Prism (version 8.0.2) was
applied to create the graphs.

Statistical analysis. All statistical evaluations utilized R
(version 4.2.0). For each analysis, P<0.05 confirmed statis-
tical significance. Univariate/multivariate Cox proportional
hazard regression analyses were used for constructing a
necroptosis-associated IncRNA model used as a predictive
risk model. Chi-squared test was used to assess the medical
features between different study groups. The log-rank test
and Kaplan-Meier (KM) survival analysis was used to
compare the differences in OS between low- and high-risk
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Figure 1. Flow diagram of the study. TCGA-ESCA, The Cancer Genome Atlas-esophageal carcinoma; Uni-Cox, univariate Cox; LASSO, least absolute

shrinkage and selection operator.

groups. The survival receiver operating characteristic (ROC)
curves and their areas under the curves (AUCs) were used to
assess the efficacy of prediction, comparing with other clin-
ical characteristics. Kruskal-Wallis test followed by Dunn's
post hoc test was used to analyze the association between
clusters, immune factors and the TME, and to compare drug
susceptibility. Wilcoxon rank sum test was used to analyze
the difference in ICs, values between the low-risk and
high-risk groups. The relative expression of each gene was
calculated and compared using the 2°24°4 method, and was
analyzed by one-way ANOVA and Bonferroni correction.
GraphPad Prism (version 8.0.2) was applied to create the
graphs ("P<0.01, “P<0.001 and "“P<0.0001). Experiments
were repeated three times.

Results

Analysis of nrincRNAs in ESCA patients. The detailed flow
diagram of the study design is shown in Fig. 1. The transcrip-
tome data of ESCA downloaded from the TCGA included
data for 11 normal samples and 161 ESCA tumor samples.
According to the GTF file, the mRNAs and IncRNAs were
distinguished in the transcriptome data. The data showed that
67 necrosis-associated genes were differentially expressed in
normal and tumor samples. In addition, we finally obtained
459 nrlncRNAs, of which 103 were downregulated and
356 were upregulated based on the criteria of llog2-fold
fold change (FC)I>1 and P<0.05. As shown in Fig. 2A, the

analysis revealed the interaction relationship between genes
and IncRNAs via a network diagram. A heatmap (Fig. 2B)
and volcano plot (Fig. 2C) were used to reflect the differ-
ential expression of nrlncRNAs between normal and tumor
samples.

Construction and verification of the nrlncRNA risk model.
Uni-Cox regression analysis showed that 34 nrlncRNAs were
associated with overall survival (OS) (all P<0.05), as shown
in Fig. 2D (Uni-Cox forest map) and Fig. 2E (heatmap). For
ESCA patients, 23 nrlncRNAs were identified as indicators of
a poor prognosis (hazard ratio, HR>1); however, the remaining
nrincRNAs were favorable prognostic factors.

To avoid overfitting the prognostic model, the 34 nrincRNAs
were analyzed by LASSO regression analysis to establish
prognostic variables. As shown in Fig. 2G and H, 8 nrlncRNAs
were selected to develop the prognostic model according to
nrincRNA expression and the Multi-Cox regression analysis
results. Additionally, the Sankey diagram analysis, as shown
in Fig. 2F, revealed that all 34 nrilncRNAs were upregulated in

ESCA patients.
The risk score formula was as follows:
Risk score=(2.79718675565941 x LINCO00299

expression)-(1.73124557102057 x AC090912.2 expres-
sion)-(2.81846794900141 x AC244197.2 expression)+
(0.810897179352003 x AL158166.1 expression)+
(0.90494089310592 x ACO079684.1 expression)+
(2.58956796584768 x AP003696.lexpression)+
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Figure 3. Prognostic value of the 8 signature nrincRNAs in the training, testing, and entire datasets. (A-C) K-M survival curves of the OS probability of patients
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(K) testing group and (L) entire group, respectively. K-M, Kaplan-Meier; nrlncRNAs, necrosis-related IncRNAs.

(1.52401713479381 x LINCO02811
(5.43761185912726 x AC026741.1 expression).

Based on the median risk score, the ESCA patients were
divided high and low risk groups and then divided into
training and testing groups. A total of 155 ESCA patients were
enrolled, including 77 with high risk scores and 78 with low
risk scores. In the training group, there were 39 patients each
in the high risk and low risk subgroups. In the test group, there
were 38 patients with high risk scores and 39 patients with
low risk scores (Fig. 3A-C). Furthermore, comparison of the
survival status, survival time and related IncRNA expression
levels among these groups (Fig. 3D-L) suggested that the
high-risk group had a poor prognosis.

Additionally, this risk score had high predictive effi-
ciency in patients grouped by for age (Fig. 4A and B), sex
(Fig. 4C and D), stage I-1I (Fig. 4E), T stage (Fig. 4F and G),
N stage (Fig. 4H and I) and M stage (Fig. 4]). For the different
subgroups, the OS of the ESCA patients in the low-risk group

expression)-

was obviously longer than that of the patients in the high-risk
group. These results suggest that the predictive signature can
also predict the prognosis of ESCA patients in all subgroups
based on age, sex, T stage and N stage and in the stage I-II and
MO stage subgroups. The area under the ROC curve (AUC)
value of the risk model was 0.746, as shown in Fig. 4K, and
this value was obviously higher than that of the model based
on clinical characteristics, including age (0.545), sex (0.492),
and stage (0.665; Fig. 4L).

The ability of the model to predict prognosis was evalu-
ated independent of clinical characteristics such as age, sex
and stage. As shown in Fig. 5A and B, Uni-Cox regression
and multi-Cox regression showed that the HR values of the
risk score were 3.594 (95% CI: 1.954 to 6.610) and 2.790 (95%
CI: 1.482 to 5.252), respectively. Moreover, the HR values
for disease stage were 2.703 (95% CI: 1.846 to 3.958) in the
Uni-Cox regression analysis and 2.302 (95% CI: 1.523 to
3.481) in the Multi-Cox regression analysis, indicating that
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Figure 4. K-M survival curves of low- and high-risk groups in the entire dataset. (A) Patients aged <65, (B) patients aged >65, (C) male patients, (D) female
patients, (E) patients with Stage I-II, (F) patients with Stage T1-2, (G) patients with Stage T3-4, (H) patients with Stage NO, (I) patients with Stage N1-3 and
(J) patients with Stage MO. (K) 1-, 3-, and 5-year ROC curves of the entire dataset. (L) ROC curves of the risk score and clinicopathologic features such as age,
sex, and stage. K-M, Kaplan-Meier; ROC, receiver operating characteristic.

stage, as an independent prognostic parameter, seems to be the
main factor affecting prognosis.

confirmed the nomogram predictions had excellent concor-

dance with the actual observations (Fig. 5D).

Based on the risk score and independent clinical factors,

a nomogram was constructed to predict the 1-, 3-, and 5-year
survival rates of ESCA patients (Fig. 5C). Calibration plots

Gene enrichment analysis. To investigate the function of
IncRNAs differentially expressed between the low- and
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for predicting overall survival. (D) The calibration curves for 1-, 3-, and 5-year OS. Uni-Cox, univariate Cox; Multi-Cox, multivariate Cox; OS, overall survival.

high-risk groups in the whole set, As shown in Fig. 6A we
explored the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways enriched in genes upregulated or down-
regulated in the high-risk group. The top 5 KEGG pathways
enriched in upregulated and downregulated genes were highly
related to tumor infiltration and immune escape. The analysis
of these 10 pathways showed that regardless of the FDR value,
the P-value was less than 0.05.

Correlations of the risk score with tumor immunity and
microenvironment features. The relationship between the risk
score and immune cell infiltration or functions was further
investigated according to the enrichment score, and we quanti-
fied the enrichment scores of single-sample GSEA for different
immune cell subsets, related functions or pathways. The boxplot
suggested that the high-risk group had more neutrophils and Th2
cells, while the low-risk group had more macrophages and NK
cells. There was no statistically significant difference in related

immune functions between the two groups (Fig. 6B). We also
found no significant differences in matrix scores, immune scores
and ESTIMATE scores between the two groups (Fig. 6C).

Furthermore, as shown in Fig. 6D, we found that most of
the immune checkpoints (TNFRSF18, BTNL2,CD276,CDA40,
CD86, CD44, and TNFSF18) showed greater activation in the
low-risk group than in the other risk groups.

Clinical treatment response of the risk groups. The poten-
tial effective therapeutic drugs in the high-risk group were
predicted by comparing the IC50 values of drugs in the low-
and high-risk groups according to the pRRophetic method. As
shown in Fig. 6E, we found that 48 chemotherapies or targeted
drugs relevant to ESCA therapy showed lower IC50 values in
the high-risk group.

Cluster analysis of prognostic nrincRNAs. To further
analyze the immune microenvironment and response of
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different tumor subtypes, the clusters of ESCA patients
were regrouped. As shown in Fig. 7A, we ultimately used
the ‘ConsensusClusterPlus’ package to divide patients into
3 clusters based on the 8 nrincRNAs that constituted the
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risk model. Moreover, as shown in the Sankey diagram
(Fig. 7B), most low-risk group patients (blue) were clas-
sified into cluster 1. On the other hand, high-risk group
patients were mainly concentrated in cluster 2 and cluster 3.
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Among them, cluster 1 had a better OS (P=0.016) than
cluster 2 and cluster 3 (Fig. 7C). As shown in Fig. 7D, the
PCA results showed that PCs in the risk group and cluster
were different, and clusters could be clearly distinguished
through t-SNE verification (Fig. 7E). We also analyzed the

correlation between cluster, immune factors and the TME
by the Kruskal-Wallis test followed by Dunn's post hoc
test. However, from the results of the boxplot, there were no
significant differences in the stromal score, immune score
and ESTIMATE score among the three groups (Fig. 7F). As
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Figure 6. Differences in the tumor microenvironment between the low- and high-risk groups and prediction of potential compounds for the treatment of ESCA.
(A) GSEA. (B) The ssGSEA scores of immune cells and immune functions in the risk groups. (C) The box plots of the comparison of stromal score, immune
score, and ESTIMATE score, respectively, between low- and high-risk groups. (D) Expression of checkpoints in risk groups. (E) Prediction of potential

compounds between the low- and high-risk groups. ‘P<0.05, “P<0.01,

shown in Fig. 7G, the heatmap showed that the differences
in immune cell infiltration in the cluster were in accordance
with the analysis of immune infiltration by various platforms.

Hkk

P<0.001. ESCA, esophageal carcinoma; GSEA, Gene Set Enrichment Analysis.

Moreover, immune checkpoints, such as CD28, TNFSF14,
TNFRSF14, TNFRSF14, TNFRSF9, LAIR1, HHLA?2,
LGALS9 and TNFSF15, were highly expressed in Cluster 3
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Figure 7. Continued.

(Fig. 7H). Finally, in the drug susceptibility comparison,
we found 49 immunotherapeutic drugs related to systemic
treatment of ESCA (Fig. 71) by the Kruskal-Wallis test
followed by Dunn's post hoc test. However, only 6 showed a
significant IC50 difference between the groups.

RT-qPCR analysis. Two nrincRNAs (LINCO02811 and
LINC00299) were selected and tested in various cell lines
(HET-1A, KYSE150 and TE1l). As shown in Fig. 8, there
were significant differences in the expression levels of
these IncRNAs between tumor and normal cells. All the
results showed that the expression of these factors was
different, which further confirmed the reliability of the
risk model.
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Discussion

In China, due to the lack of typical symptoms, most esopha-
geal cancer cases are diagnosed in the middle and late stages.
In recent years, its morbidity and mortality rates have been
increasing. It remains a huge threat to human health (1).
Multiple studies have confirmed that IncRNAs play an
important role in esophageal cancer, and their functions and
molecular mechanisms have been explored and emphasized.
Furthermore, studies have confirmed that IncRNAs play
an important indicative role in the diagnosis, treatment and
prognosis evaluation of esophageal cancer, indicating that
IncRNAs could be used as biomarkers and potential targets
for esophageal cancer (40).
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Figure 7. Continued.

LncRNAs play an important biological role in the occur-
rence and development of cancer. LncRNAs compete with
miRNA via the competing endogenous RNA (ceRNA) mecha-
nism or directly regulate downstream proteins. LncRNAs
have been found to play these roles in esophageal cancer (41).
Tang et al performed RNA-Seq experiments on preimmortal-
ized human embryonic esophageal epithelial SHEE cells at
passages 26 and 79 and found that LINCO00885 could play a
positive regulatory role in esophageal cancer (42). It is well
known that IncRNAs affect not only the tumorigenesis and
progression of ESCA but also the sensitivity of cancer cells to
chemoradiotherapy. Therefore, reducing resistance to chemora-
diotherapy by regulating IncRNA expression in ESCA patients
could be regarded as a new way to enhance the therapeutic
effect and prevent the development of tumors. Li et al (43)
transplanted MALAT1-overexpressing cells into nude mice
to induce tumor formation and then treated the tumors with
radiotherapy. The results showed that MALATI1 overexpres-
sion could suppress radiation-induced apoptosis of tumor cells

and enhance the resistance of tumor cells to radiotherapy,
whereas another study reported that MALAT] silencing could
enhance the sensitivity of tumor cells to radiotherapy (44). In
recent years, more studies have emphasized the key role of
IncRNAs in ESCA, but the relationship between IncRNAs and
ESCA has not been fully clarified and is a research hotspot.
Currently, it has been reported that the tumorigenesis and
tumor progression are closely related to tumor immune func-
tion, and necroptosis has been confirmed to play an important
role in this process (45,46). McComb et al demonstrated that
necrosis-related molecules (CIAPs) effectively reduce macro-
phage necrosis and enhance the body's response to pathogen
invasion (47). Although an increasing number of studies have
shown that necroptosis is closely involved in tumorigenesis,
its mechanism has not been fully elucidated. In the present
study, we found that necrosis-associated IncRNAs could be
used to divide patients into different subgroups, illustrating for
the first time their usefulness as prognostic markers. We also
systematically investigated the correlation between the tumor
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Figure 7. Cluster analysis. (A) Patients divided into three clusters. (B) Sankey diagram. (C) K-M survival curves of OS in clusters. (D) PCA of risk groups and
clusters. (E) t-SNE of risk groups and clusters. (F) Box plots of the comparison of stromal score, immune score, and ESTIMATE score in clusters. (G) Heatmap
of immune cells in clusters. (H) Differential expression of checkpoints in clusters. (I) Prediction of potential effective compounds for each cluster. "P<0.05,
“P<0.01, *"P<0.001. K-M, Kaplan-Meier; OS, overall survival; PCA, principal component analysis; t-SNE, t-distributed Stochastic Neighbor Embedding.

microenvironment, immune cell infiltration and immune
checkpoints, which is expected to be applied to clinical
diagnosis and treatment in the future. We also systematically
investigated the associations between the expression of these
IncRNAs and tumor microenvironment features and immune
checkpoint expression to assess their potential application in
clinical diagnosis and treatment in the future.

Our results showed that 34 nrincRNAs affected the
survival of HNSCC patients, and 8 IncRNAs, including
LINC00299, AC090912.2, AC244197.2, AL158166.1,
AC079684.1, AP003696.1, LINC02811 and AC026741.1,
could be used as prognostic markers. Liu et al identified
that Linc00299 regulates the migration and proliferation of
endothelial cells and vascular smooth muscle cells (VSMCs)
during atherosclerosis by regulating miR-490-3p, which
targets Aurora kinase A (AURKA) (48). Chang et al studied
the role of the LINC00299/miR-135a-5p/XBP1 axis in the

regulation of atherosclerosis progression, ox-LDL-induced
oxidative damage, and human aortic vascular smooth muscle
cell migration and invasion (49). Moreover, Manoochehri et al
found that the occurrence of TNBC was often accompanied by
hypermethylation of LINC00299 in young women, indicating
a potential association between them (50). Talkowski et al
found a functional role for these specific noncoding RNAs in
brain development in subjects with LINC00299 mutations and
raised the possibility that IncRNAs, as a class of abnormali-
ties, might play an important role in human developmental
disorders (51). Li et al suggested that LINC00299 may be an
important regulator in human hypertrophic scars (HSs) that
exerts its effects via its coexpressed genes (52). The other
seven genes have not been further reported in the literature.
The 1-, 3-, and 5-year AUC values for the risk score model
were significantly higher than those for models based on other
clinical characteristics (age, sex and stage), suggesting that
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Figure 8. The RT-qPCR results of (A) LINC02811 and (B) LINC00299
expression levels in various cell lines (HET-1A, KYSE150 and TE1). The
y-axes show relative expression of LINC02811 and LINC00299. ““P<0.0001.
RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

risk score model performs better in predicting the prognosis
of ESCA patients. Cox regression analysis showed that the risk
score of ESCA patients was an independent risk indicator and
negatively correlated with OS. Furthermore, the correlation of
a high-risk score with older age, later T and N stages and worse
prognosis suggested that the risk score plays a crucial role in
the classification of patient survival status. In addition, four
independent factors, including risk score, age, sex and stage,
were used to establish a nomogram prediction model for OS,
and the calibration plots of 1-, 3-, and 5-year OS showed high
consistency between the predictions and actual observations.
Hence, all results indicated that the risk model is robust and an
effective indicator of outcomes in ESCA patients.

In recent years, an increasing number of scholars have
focused on the function and application of immune checkpoint
inhibitors. Clinical trials have shown that immunotherapy
strategies in ESCA patients may shift from metastatic therapy
to neoadjuvant/adjuvant therapy. The addition of immuno-
therapy brings a good survival benefit to ESCA patients (53).
Previous studies have shown that the tumor microenvironment
has a significant influence on immunotherap (54,55). Immune
infiltration analysis showed that CD4+ T cells and other
infiltrating immune cells were more abundant in the low-risk
group. Moreover, regulatory T cells (Tregs) are immuno-
suppressive subsets of CD4+ T cells that play an important
role in maintaining self-tolerance and immune homeostasis.
In tumor immunity, Tregs disrupt the immune surveillance
of cancer in healthy individuals and impair the antitumor
immune response of tumor-bearing hosts. Thus, this evidence
suggests that Tregs accelerate the immune escape of tumor
cells and further lead to various types of tumor development
and progression (56). It has been demonstrated that tumor
markers play an important role in ESCA by analyzing tumor
immunity and immune cell levels. All results suggest that
necrosis-associated IncRNAs may be associated with tumor
immune infiltration. Our study predicted compounds that
may be useful for the clinical treatment of diseases, which
could provide a meaningful reference for future exploration
of new therapeutic targets.

We divided the ESCA patients into 3 clusters, and the
survival analysis showed that cluster 1 had better survival than
the other groups (P=0.016). Moreover, immune checkpoints,
such as CD28, TNFSF14, TNFRSF14, TNFRSF14, TNFRSFO9,
LAIR1, HHLA2, LGALS9 and TNFSF15, displayed higher
expression in cluster 3. These analysis results suggest that
these immune checkpoints are closely related to both patient
prognosis and the immune microenvironment, suggesting that
immunotherapy can be used as a new treatment for ESCA
patients. In addition, drug susceptibility analysis results
suggested that risk models and tumor subtypes could be used
to guide ESCA treatment decision making.

We performed PCR verification of the selected nrlncRNAs
and concluded that LINC02811 and LINC00299 were signifi-
cantly differentially expressed between tumor and normal
cells. Thus, they may be markers of prognosis and immune
invasion in esophageal cancer. Further mechanistic research
is still needed.

These studies provide meaningful references for the iden-
tification of new therapeutic targets in the future. However,
there are several limitations to our study. First, all of our data
came from the TCGA. Although risk profiles are valuable
in assessing prognosis, there is a lack of IncRNA data from
other databases and clinical information for external cohort.
However, we might obtain different results by combining data
from other databases. Second, we verified nrlncRNAs by cell
RT-qPCR analysis, but PCR assessment of clinical samples
in a future study is needed. the functions and mechanisms
of these RNAs need further study. Finally, there is a lack of
clinical follow-up data to confirm the value of our prognostic
model. In addition, extensive clinical trials are needed to
confirm the relationship between risk score and the response to
immunotherapy and chemotherapy. Nevertheless, immune cell
correlation analysis based on various experimental platforms
can be regarded as external validation in some sense. Thus,
all evidence indicates that the nrlncRNA risk model can be
considered reliable and acceptable. In the future, large-scale
studies should further focus on immunotherapy and chemo-
therapy based on bioinformatics analysis.

In this paper, we systematically evaluated the value and
function of IncRNAs associated with necrosis in predicting
survival, tumor microenvironment features and immune
cell infiltration. We also analyzed the potential regulatory
mechanisms of IncRNAs associated with necrosis, as well as
the anticipated response to immunotherapy and chemotherapy
agents for ESCA. Eight nrlncRNAs could predict the survival
of patients with ESCA and may promote the development
of personalized and precision therapies for ESCA patients.
According to cell RT-qPCR analysis, LINC02811 and
LINC00299 may be markers of esophageal cancer prognosis
and immune invasion.
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