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Purpose: Autophagy plays a crucial role in the initiation and progression of gastric cancer
(GC). However, the role of autophagy-related IncRNAs in GC remains unknown. This study
aimed to investigate the prognostic value of the autophagy-related IncRNA signature and its
role in the tumor immune microenvironment (TIME) of GC.

Methods: RNA-sequencing (RNA-seq) and clinical data of GC patients were extracted from
The Cancer Genome Atlas (TCGA) database. Univariate and multivariate Cox regression
analyses were performed to identify the autophagy-related IncRNA prognostic signature which
was validated in the test set and entire set. The survival and predictive performance were
analyzed based on the Kaplan—-Meier and ROC curves. Furthermore, the CIBERSORT algorithm
was applied to explore the relationship between this signature and the immune cell infiltration. To
elucidate the potential functions of autophagy-related IncRNAs in GC, we constructed the
IncRNA-mRNA co-expression network and performed enrichment analysis. Principal compo-
nent analysis (PCA) and Gene Set Enrichment Analysis (GSEA) were further performed to
compare the different statuses between the high-risk and low-risk groups.

Results: We identified 5 autophagy-related IncRNAs (AL355574.1, AC010768.2,
AP000695.2, AC087286.2, and HAGLR) to construct a prognostic signature. This signature
could be an independent prognostic indicator for GC patients and had a higher prediction
efficiency than other clinicopathological parameters. Furthermore, patients in the high-risk
score group had a stronger immunosuppressive microenvironment than the low-risk group.
The enrichment analysis for mRNAs co-expressed with these IncRNAs indicated that
autophagy-related signaling pathways were remarkably enriched. PCA and GSEA further
revealed different autophagy and immune statuses in the high- and low-risk groups.
Conclusion: The 5 autophagy-related IncRNA signature has significant clinical implications
in prognosis prediction of GC. Meanwhile, our study elucidates the critical role of the
autophagy-related IncRNA signature in the TIME of GC.

Keywords: gastric cancer, long non-coding RNAs, autophagy, prognostic signature, tumor

immune microenvironment

Introduction

Gastric cancer (GC) is a globally crucial disease. With 768,793 death cases globally
in 2020, GC is the fourth leading cause of cancer death.' Although great progress
has been made in risk factors, early diagnosis, and treatments, the prognosis of GC

patients is still pessimistic.” * The prognosis of GC is correlated with pathological
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stage, biological behavior, tissue type, and treatment.’
TNM staging has been one of the primary methods to
with  GC.°
Nevertheless, the current TNM staging system cannot

evaluate the prognosis of patients
include all disease information of patients and has limited
power to predict the prognosis of GC. Therefore, new
strategies are urgently needed to improve survival outcome
prediction and optimize clinical treatment decisions.
Autophagy is a critical cellular process to sustain meta-
bolism and homeostasis by capturing and degrading intra-
cellular components such as proteins and organelles.”®
Apart from its role in normal physiology, autophagy also
plays an essential role in various pathological processes
such as neurodegenerative disorders, cancer, and
inflammation.”®~'! Recently, the role of autophagy in can-
cer has attracted more and more attention from the cancer
research community. A growing number of studies have
revealed that autophagy participates in GC progression
and prognosis.'>'* Thus, investigation of autophagy-
related molecules is crucial for both theoretical basis and
clinical practice. Long non-coding RNAs (IncRNAs) are a
class of transcripts that exceed 200 nt in length and have
no apparent protein-coding capacity.'>'® In recent years,
accumulating evidence has revealed that dysregulated
IncRNAs are extensively involved in various tumors,
including GC.'”"' Furthermore, IncRNAs have been
found to affect the progression and prognosis of tumors
through modulating autophagy. For example, Wu et al
demonstrated that upregulated SNHGI11 is correlated
of GC patients.

SNHGI11 facilitates the proliferation, migration, and inva-

with poor prognosis Functionally,
sion of GC cells by activating oncogenic autophagy.?’
HAGLROS is also identified as an oncogenic IncRNA,
which promotes GC progression via mTOR pathway
mediated autophagy suppression.>' However, these studies
investigated the association between autophagy-related
IncRNAs and GC prognosis; few studies explored the
role of autophagy-related IncRNA signature in the tumor
immune microenvironment (TIME).

In the present study, we aimed to assess autophagy-
related IncRNA signature with the prognosis and TIME in
GC. We analyzed IncRNA expression profiles of GC
patients from The Cancer Genome Atlas (TCGA) and
explored autophagy-related IncRNAs with prognostic
value. Then, we identified a 5 autophagy-related IncRNA
prognostic signature. This signature could be a powerful
indicator of GC patinets’ clinical outcome. Furthermore,
based on the autophagy-related signature, the relationship

between risk score and infiltrating immune cells was ana-
lyzed to explore the effect of autophagy-related IncRNAs
in the TIME.

Materials and Methods
Data Acquisition and Identification of
Autophagy-Related IncRNAs

A detailed workflow of the study is shown in Figure 1. The
RNA-sequencing (RNA-seq) data of 339 GC and 30 non-
tumor samples were downloaded from TCGA. All patients
with the disease types of “adenomas or adenocarcinomas”
were included in this study. LncRNAs and mRNAs were
further classified based on the gene annotations in the
GENCODE project. The corresponding patients’ clinico-
pathological parameters, such as grade, survival informa-
tion, and tumor stage, were also derived from TCGA.
Patients with incomplete RNA-seq data and survival infor-
mation were excluded, and the clinicopathological charac-
teristics of 339 GC patients are listed in Table S1. All data
in our study were available from the TCGA database.
According to the ethics committee of Liyuan Hospital of
Tongji Medical College of Huazhong University of
Science and Technology guidelines, the data from the
TCGA database is publicly accessible, and no ethical
approval was considered necessary. Furthermore, a total
of 232 autophagy-related genes (ATGs) were downloaded
from the Human Autophagy Database (HADb), which
contains a list of genes involved in the autophagy process
reported in the literature. To evaluate the correlation of
IncRNAs and ATGs, Pearson correlation analysis was
performed in the statistical software R (version 4.0.2).
Based on the correlation coefficient ([R| > 0.3 and P <
0.001), the autophagy-related IncRNAs were determined
and used for further analysis.

Construction of the Prognostic Signature
The R package “caret” was utilized to randomly separate
GC samples into the train set (170 samples) and the test set
(169 samples). To explore the prognostic value of autop-
hagy-related IncRNAs, the R package “survival” was used
to perform univariate Cox regression analysis. Those
autophagy-related IncRNAs significantly associated with
survival (P < 0.05) were selected as candidate autophagy-
related IncRNAs for further research. A hazard ratio (HR)
value was used to identify protective IncRNAs (HR <I)
and deleterious IncRNAs (HR >1). Subsequently, multi-
variate Cox regression analysis was performed to evaluate
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Figure | The flow chart of this study.

whether candidate autophagy-related IncRNAs could be
used as independent prognostic predictors. Based on the
Akaike information criterion, we constructed the optimal
We
further calculated the risk score for each patient according

autophagy-related IncRNA prognostic signature.

to the following algorithm:

Risk score = (coefficient IncRNA1 X expression
IncRNA1) + (coefficient IncRNA2 x expression
IncRNA2) + ... + (coefficient IncRNAn X expression
IncRNAn).

Evaluation of the Prognostic Signature

To investigate the autophagy-related IncRNA signature in pre-
dicting patients’ survival, GC patients in the train set were
classified into the low-risk and high-risk groups based on the
median risk score. The overall survival (OS) of patients in two
groups was compared using the Kaplan-Meier analysis and a
Log rank test. Furthermore, to assess whether the risk score

was an independent factor for GC patients’ survival, we per-
formed univariate and multivariate Cox regression analyses
using the R package “survival”. The receiver-operating char-
acteristic (ROC) curves were used to assess the predictive
performance of the prognostic signature by R language loaded
with package “survivalROC”. The test set and entire set were
utilized to validate the prognostic signature. But beyond all
that, stratified survival analysis was applied to detect the prog-
nostic signature’s accuracy in different subgroups. P < 0.05
was set as the threshold.

Clinicopathological Characteristics
Analysis, Tumor Mutational Burden
(TMB) Analysis, and Immune

Microenvironment Assessment

We evaluated the association between the risk score and clin-
icopathological characteristics, including grade, T, N, M, and
tumor stage. In addition, we downloaded the tumor mutational

International Journal of General Medicine 2021:14

6937

Dove:


https://www.dovepress.com
https://www.dovepress.com

Chen et al

Dove

data from TCGA and calculated TMB with the tumor-specific
mutation genes. After that, we analyzed the top 30 mutational
genes in the low-risk and high-risk groups using the R package
“maftools”. To explore the immune infiltrating landscape of
the TME in different risk groups, we performed CIBERSORT
algorithms and Single-sample Gene Set Enrichment Analysis
(ssGSEA). P < 0.05 was set as the threshold.

LncRNA-mRNA Co-Expression Analysis

and Functional Enrichment Analysis

Pearson correlation analysis was carried out to evaluate the
relationship between the autophagy-related IncRNAs and their
target mRNAs. |R| >0.3 and p < 0.001 were set as the cutoff
criterion. Then, we constructed the IncRNA-mRNA co-
software.
Furthermore, gene ontology (GO) and Kyoto Encyclopedia

expression network using the Cytoscape
of Genes and Genomes (KEGG) enrichment analysis for
mRNAs co-expressed with autophagy-related IncRNAs were

CLINTS

performed by the packages “clusterProfiler”, “ggplot2”, and

“enrichplot” in R.

Principal Component Analysis (PCA) and
Gene Set Enrichment Analysis (GSEA)

PCA was performed to analyze the differences and similarities
among grouped samples based on the whole-genome expres-
sion profiles, autophagy-related IncRNA set, and autophagy-
related IncRNA prognostic signature. The analyses were
implemented using the R packages “scatterplot3d” and
“limma”. Furthermore, we explored whether the autophagy
pathway was enriched in high-risk groups. GSEA was applied
to the low- and high-risk groups of the autophagy-related
IncRNA prognostic signature using GSEA software version
3.0. P <0.05 was regarded as the threshold.

Statistical Analyses

Statistical analyses were carried out using Perl version 5.30.1
and R version 4.0.2. All statistical methods and appropriate R
packages were described throughout the study. P-value < 0.05
was considered statistically significant.

Results
|dentification of Autophagy-Related
IncRNAs with Prognostic Significance in

the Train Set
A total of 7009 IncRNAs were extracted from the TCGA
database, and a list of 232 ATGs was obtained from the

HAD®b. Then, 852 autophagy-related IncRNAs were identified
based on the Pearson correlation analysis ([R| > 0.3 and P <
0.001). Among them, 17 autophagy-related IncRNAs were
related to the GC patients’ survival by univariate Cox regres-
sion analysis, including 11 deleterious IncRNAs (HR >1) and 6
protective IncRNAs (HR <1) (Figure 2). Furthermore, multi-
variate Cox analysis filtered out 5 autophagy-related IncRNAs
(AL355574.1, AC010768.2, AP000695.2, AC087286.2, and
HAGLR) in the train set to construct the optimal prognostic
signature (Table 1). The following algorithm was utilized to
calculate the risk score for each sample according to the 5
autophagy-related IncRNA prognostic signature: risk score =
(—0.256 x AL355574.1 expression) + (—0.488 x AC010768.2
expression) + (0.176 x AP000695.2 expression) + (0.376 %
AC087286.2 expression) + (0.114 x HAGLR expression). The
risk score of 339 GC samples are listed in Table S2.

To explore the significance of autophagy-related IncRNA
signature in GC patients’ prognosis, we divided all samples
into the low-risk and high-risk groups. We ranked all GC
patients and analyzed their distributions according to the
IncRNA prognostic signature-based risk scores (Figure 3A).
The scatter dot plot of survival status revealed that GC patients
in the high-risk group had a shorter survival time than those in
the low-risk group (Figure 3B). The heatmap was drawn to
compare expression levels of the 5 autophagy-related
IncRNAs in the high- and low-risk groups. GC patients with
the low-risk score expressed higher levels of protective
IncRNAs (AL355574.1 and AC010768.2), while those with
the high-risk score expressed higher levels of deleterious
IncRNAs (AC087286.2, AP000695.2, and HAGLR)
(Figure 3C). Furthermore, the Kaplan-Meier survival curve
indicated that the survival rate of GC patients in the high-risk
group was remarkably decreased compared to the low-risk
group (P = 3.467e-08) (Figure 3D). ROC curve analysis
showed that the area under the curve (AUC) values was
0.801, 0.808, 0.807, respectively, for predicting 1-, 2-, and 3-
year survival rates (Figure 3E).

Validation of the Autophagy-Related
IncRNA Prognostic Signature in the Test

Set and Entire Set

To validate the autophagy-related IncRNA signature, risk
scores were calculated in the test set and entire set with the
same algorithm of the train set. According to the cutoff
value of the train set, GC patients in the test set and the
entire set were also respectively divided into the low- and
high-risk groups. Similar to the train set, patients in the
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Figure 2 Identification of autophagy-related IncRNAs with significant prognostic value in GC.

high-risk group of the test set and the entire set had a
higher probability of death than those in the low-risk
group (Figure 4A—F). Furthermore, the Kaplan-Meier sur-
vival curve indicated that GC patients in the high-risk
group of the test set (P = 3.213e-02) and the entire set
(P = 4.798e-08) had a poorer prognosis than the low-risk
group (Figure 4G and I). In the test set, the AUC values of
1-, 2-, and 3-year survival rates were 0.616, 0.635, 0.651,
respectively (Figure 4H). Similarly, in the entire set, the
results showed that the AUC values of 1-, 2-, and 3-year

Table | The 5 Autophagy-Related IncRNA Prognostic Signature

survival rates were 0.711, 0.729, and 0.743, respectively
(Figure 4J).

Independence of the Autophagy-Related
IncRNA Signature for GC Patients

Univariate and multivariate Cox regression analyses
were performed to explore whether the autophagy-
related IncRNA prognostic signature was an indepen-
dent prognostic factor. In the train set, the result of
univariate analysis exhibited that tumor stage (P <

LncRNA Coef HR HR.95L HR.95H P-value
AL355574.1 —0.256 0.774 0.662 0.907 0.001
ACO010768.2 —0.488 0.614 0.400 0.942 0.026
AP000695.2 0.177 1.193 1.006 1.416 0.043
AC087286.2 0.376 1.457 1.108 1916 0.007
HAGLR 0.115 1.122 1.050 1.199 0.001
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Figure 3 The prognostic value of the 5 autophagy-related IncRNAs signature in the train set. (A) The number of patients in the high-risk and low-risk groups ranked by the
risk score. (B) The scatter dot plot of GC patients’ survival status. (C) The heatmap of the 5 autophagy-related IncRNAs expression. (D) Kaplan-Meier survival analysis for
patients between the high-risk and low-risk groups. (E) The ROC for the autophagy-related IncRNAs signature.

0.001), N stage (P < 0.001), and risk score (P < 0.001)
were significantly correlated with OS (Figure 5A).
Multivariate analysis suggested that risk score (P =
0.003) was an independent prognostic factor for OS
(Figure 5D). ROC curve analysis showed that the
AUC of risk score was 0.819, which was higher than
other clinicopathological parameters (Figure 5G). In
the test set, result of univariate analysis showed that
tumor stage (P = 0.037), T stage (P = 0.038) and risk
score (P < 0.001) were significantly correlated with OS
(Figure 5B). Multivariate analysis indicated that risk
score (P = 0.001) was also an independent prognostic
factor for OS (Figure 5E). Furthermore, ROC curve
analysis showed that the AUC of risk score was
0.623, which was higher than other clinicopathological
parameters (Figure SH). Similarly, in the entire set, age
(P < 0.001) and risk score (P < 0.001) were indepen-
dent prognostic factors for OS (Figure 5C and F). The
AUC of risk score was 0.720, which was also higher
than other clinicopathological parameters (Figure 5I).

Correlation of Clinicopathological
Characteristics and the Autophagy-
Related IncRNA Prognostic Signature

We also evaluated the relationship between the autophagy-
related IncRNA prognostic signature and the clinicopatho-
logical features of GC patients in the entire TCGA. The
heatmap exhibited that the risk score from the prognostic
signature was significantly associated with tumor stage (P
< 0.01) and survival state (P < 0.001) (Figure 6). The
results testified that the autophagy-related IncRNA signa-
ture might play a crucial role in GC initiation and
progression.

We further performed the stratification analysis in the
entire set to demonstrate the extensive usage of the prog-
nostic signature. The patients were grouped based on
gender (male and female), age (< 65 and > 65), grade
(low grade and high grade), tumor stage (stage I+II and
stages III+1V), T stage (T1+2 and T3+4), N stage (NO+1
and N2+3) and M stage (MO and M1). As shown in
Figure 7, survival analysis revealed that the survival of
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Figure 4 Prognostic analysis of the 5 autophagy-related IncRNAs signature in the test set and the entire set. (A) Distribution of the risk score in the test set. (B)
Distribution of the risk score in the entire set. (C) The scatter dot plot of GC patients’ survival status in the test set. (D) The scatter dot plot of GC patients’ survival status
in the entire set. (E) The heatmap of the 5 autophagy-related IncRNAs expression in the test set. (F) The heatmap of the 5 autophagy-related IncRNAs expression in the
entire set. (G) Kaplan-Meier survival analysis for patients between the high-risk and low-risk groups in the test set. (H) The ROC for the autophagy-related IncRNAs
signature in the test set. (I) Kaplan-Meier survival analysis for patients between the high-risk and low-risk groups in the entire set. (J) The ROC for the autophagy-related

IncRNAs signature in the test set.

low-risk group patients was remarkably better than the
high-risk group patients for almost all hierarchical cohorts.
To sum up, these results suggested that the prognostic
signature might serve a pivotal role in determining GC

patients’ prognosis.

TMB Analysis and Immune
Microenvironment Assessment

We used the R package “maftools” to analyze the mutational
data in the entire TCGA set. The top 30 genes were listed to
compare the differences of frequent mutational genes in low-
risk and high-risk groups, respectively. According to
Figure 8, we found that TTN, TP53, LRP1B, MUCIS6,
SYNEI, ARID1A, CSMD3, and FAT4 were the most fre-
quent mutational genes. Besides, FLG and DNAHS5 were part
of the top 10 frequent mutational genes in the high-risk

group, while PCLO and OBSCN belonged to the top 10
frequent mutational genes in the low-risk group.

We further analyzed the level of 22 infiltrating immune
cells in different risk groups. The proportions of B cells
memory, T cells follicular helper, and NK cells activated in
the low-risk group were much higher than that in the high-
risk group. In contrast, the proportion of macrophages M2
in the high-risk group was increased compared with those
in the low-risk group. Among these cells, the risk score
was negatively correlated with the infiltration of B cells
memory (P = 0.007) and T cells follicular helper (P =
0.013). In contrast, the risk score was positively associated
with the infiltration of macrophages M2 (P = 0.00015,
Figure 9). Furthermore, ssGSEA was performed to evalu-
ate the enrichment levels of immune cells, biological pro-

cesses, or pathways in GC samples. The results showed
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Figure 5 Independent prognostic value of the 5 autophagy-related IncRNAs prognostic signature. (A) The univariate Cox regression analysis of the 5 IncRNAs and
clinicopathologic parameters in the train set. (B) The univariate Cox regression analysis of the 5 IncRNAs and clinicopathologic parameters in the test set. (C) The univariate
Cox regression analysis of the 5 IncRNAs and clinicopathologic parameters in the entire set. (D) The multivariate Cox regression analysis of the 5 IncRNAs and
clinicopathologic parameters in the train set. (E) The multivariate Cox regression analysis of the 5 IncRNAs and clinicopathologic parameters in the test set. (F) The
multivariate Cox regression analysis of the 5 IncRNAs and clinicopathologic parameters in the entire set. (G) The ROC analysis of the autophagy-related prognostic
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that risk scores were closely correlated with infiltrating
immune cell subset (Figure 10).

LncRNA-mRNA Co-Expression Analysis

and Functional Enrichment Analysis

The IncRNA-mRNA co-expression network was con-
structed to explore the potential mechanisms of 5
IncRNAs from the autophagy-related prognostic signature
in GC. As shown in Figure 11A, we observed that these
IncRNAs had a significant association with 44 mRNAs (|
R|) > 0.3 and P < 0.001). Then, the Sankey diagram
revealed the correlation of 5 IncRNAs, 44 mRNAs, and
risk types (Figure 11B). Furthermore, according to GO
analysis for mRNAs co-expressed with 5 IncRNAs, we
found that most enriched terms related to autophagy. The

KEGG analysis also revealed that autophagy was the most
significantly enriched pathway (Figure 11C and D).

PCA and GSEA

PCA was performed to assay the distinct distribution
between low- and high-risk groups according to the
IncRNAs, and 5
IncRNAs from the autophagy-related prognostic signature

whole genome, autophagy-related
(Figure 12). The results indicated that GC patients were
divided into two sections based on 5 IncRNAs from the
autophagy-related prognostic signature. The autophagy
status of patients in the low-risk group was also different
from those in the high-risk group. Besides, GSEA was
performed to explore whether the autophagy pathway
was enriched in high-risk groups. The results showed
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that GC patients in high-risk groups were mainly involved
in pathways related to autophagy and immune processes,
including Hedgehog (Hh) signaling pathway and MAPK
signaling pathway (Figure 13).

Discussion

As the most common malignant tumor of the digestive
system, gastric cancer is still a challenge for clinicians
and researchers in risk stratification and prognosis predic-
tion. The study of the autophagy mechanism opens up a
novel perspective for GC. More and more researches have
shown that autophagy participates in GC progression and
prognosis.'*'* Therefore, autophagy-related biomarkers
may play a crucial role in predicting cancer risk and
survival outcomes of GC patients. Moreover, recent stu-
dies have revealed that IncRNAs might be involved in
autophagy-inducing progression or inhibition of several
types of tumors.’***** For example, Wu et al discovered
that IncRNA SNHGI11 facilitates the progression of GC
via activating oncogenic autophagy and the wnt/p-catenin
pathway.”* Wang et al revealed that IncRNA MALATI
promotes GC progression by suppressing autophagic flux
and converting fibroblasts to CAFs.®> Yang et al also

found that IncRNA CCAT1 enhances autophagy and facil-
itates the development of GC via the miR-140-3p/ATG5
axis.”® However, most studies focused on the role of single
IncRNA related to autophagy in the progression and prog-
nosis of GC. Based on the above, it is of great significance
to investigate the prognostic value of autophagy-related
IncRNA signature and its role in the TIME of GC.

In this study, we first obtained 17 autophagy-related
IncRNAs significantly associated with GC patients’ survi-
val through univariate Cox regression analysis. Then, we
identified 5 autophagy-related IncRNAs (AL355574.1,
AC010768.2, AP000695.2, AC087286.2, and HAGLR)
to construct a prognostic signature in the train set by
multivariate Cox regression analysis. Based on the 5
autophagy-related IncRNA prognostic signature, the risk
score of each GC patient could be calculated and used to
predict the survival of GC patients. The survival of GC
patients with high-risk scores was worse than those with
low-risk scores. ROC curve analysis further confirmed that
the prognostic signature could be used to predict GC
patients’ survival reliably. Furthermore, we discovered
that the risk score was positively associated with tumor
stage and survival state. The autophagy-related IncRNA
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signature also performed well in the test set and the entire
set. Therefore, we speculated that the 5 autophagy-related
IncRNAs prognostic signature was significantly correlated
with the development and prognosis of GC and could be a
powerful indicator of the clinical outcome of GC patients.

.
R=-0.17,p=0.013

0.094

0.064

T cells follicular helper

0.034

0.001

Risk score

The ratio differentiation of infiltrating immune cells between the high-risk and low-risk

So far, among 5 autophagy-related IncRNAs, only
HAGLR has been reported to be involved in cancer.
HOXD antisense growth-associated long non-coding
RNA (HAGLR, also known as LncRNA HOXD-AS1) is
an evolutionarily conserved transcript of the HOXD gene

International Journal of General Medicine 2021:14

6945

Dove:


https://www.dovepress.com
https://www.dovepress.com

Chen et al Dove

A Risk E3 low E3 high
1 00 dedkedke dededk Fedede *k Jedede ek Hedk ok * Fedkd
i
$ (X
t 1Y %
0.751 Ve e M,
°
° [ ]
: - : S
8 0.50 .
() ° ° .
H o ::
° s s
0.25+ ° (] °
°
. :
° °
0.00- ¢ .
2 Q& o Q& ) 2 99 N9 L2 88 L @R o 2
QO (5\\0 00\\0&00\\Q°\(\§00§ (@] OQQQIDQ@ OQ}\&Q/QQ§ tb\'\o 00,0\\\'0 fb\'\o ()Q}\ oq}\ ’K\&QQQO& 00(9
TSl AN S YL LIPS S &
X o S & QL7 (IR
N x ] & o7 L SEOESE SR Q¥&S
2 F &S RETLFEL 5 D7
e O Y ST N & IS &
& > ¢ & Py o
A7 © (/]
B &
LU — 6 risk
(11N . MHC_class_| l':“”h
Type_|_IFN_Reponse 4 '9
I Mast_cells
Type_lI_IFN_Reponse
‘ B_cells 0
DCs =]
iDCs -2
| Tha_cells B
Parainflammation
HLA -6
pDCs
Check-point
| I T_cell_co-stimulation
CCR
Treg

APC_co_stimulation
Cytolytic_activity
Inflammation—-promoting
T_cell_co-inhibition
CD8+_T_cells

TIL

I,
| ‘ Macrophages
| Neutrophils
‘ aDCs
]

Th1_cells

Figure 10 The correlation between the risk score and the characterization of tumor immune microenvironment. (A) The value of 25 immune-related signatures between
the high-risk and low-risk groups. (B) The heatmap of 25 immune-related signatures. *P < 0.05, **P < 0.01, **P < 0.001.

cluster located on chromosome 2q31.2.°"** Several stu- Besides, the prognostic value of HAGLR in tumors has

dies have shown that HAGLR is associated with the pro-  been evaluated. For example, Dong et al revealed that high

29-34

liferation, invasion, and metastasis of tumor cells. expression of HAGLR is positively correlated with poorer
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prognosis of epithelial ovarian cancer patients.®® Li et al in colorectal cancer.>> Although the role of these 5
also indicated that increased expression of HOXD-ASI is  IncRNAs in GC has not been reported in previous studies,
related to aggressive tumor phenotype and poor prognosis ~ we should not underestimate their importance. We further
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Figure 13 GSEA of GC patients based on the autophagy-related IncRNA prognostic signature.

compared the immune cell content of low- and high-risk
groups to investigate the relationship between the autop-
hagy signature and immune cell infiltration. The results
showed that the proportions of B cells memory, T cells
follicular helper, macrophages M2, and NK cells were
significantly different in the two risk groups. Among
these cells, the risk score was negatively correlated with
the infiltration of B cells memory and T cells follicular
helper. In contrast, the risk score was positively associated
with the infiltration of macrophages M2. Our study sug-
gested that the autophagy signature had an impact on the
TIME of GC.

Furthermore, GSEA showed that GC patients with
high-risk scores were enriched in pathways related to
autophagy and immune processes, including the Hh
signaling pathway and MAPK signaling pathway.
Aberrant activation of Hh signaling is related to multi-
ple gastrointestinal diseases, such as gut malrotation,
Pallister-Hall syndrome, and GC.*® Aberrant Hh path-
way activation can promote metastasis, tumor immune
tolerance, and drug resistance of GC cells.’” In gastritis,
Hh signaling is required for polarizing myeloid cells
into myeloid-derived suppressor cells, which contribute
to evading immune surveillance, suggesting the crucial
role of Hh signaling in the development of cancer.’®*’
Furthermore, several studies have shown that Hh signal-
ing pathway interactive with autophagy in GC. For

example, Tang et al demonstrated the activation of
autophagy through the inhibition of Hh signaling in
several cancer cell lines, including MKN45 (gastric
cancer cells), ES2 (ovarian cancer cells), HT29 (colon
cancer cells), and H4 (glioma cells).* Won et al also
suggested that autophagy might be correlated with Hh
signaling pathway in GC.*' However, the underlying
molecular mechanisms remain to delineate. The MAPK
pathway, as one of the most ancient signal transduction
pathways, also plays a crucial role in regulating cell
proliferation, autophagy, and immune response.*” The
MAPK pathway mainly consists of the extracellular
signal regulated kinase (ERK), the c-jun N-terminal
kinase (JNK), and the p38 MAPK.** H. pylori, as an
oncogenic factor of GC, could secrete JHP0290 to
induce TNFa transcription through the activation of
ERK, leading to immunosurveillance escape.** JNK
activation regulates autophagy via two distinct mechan-
isms: on the one hand, it stimulates autophagy through
promoting Bcl-2/Bcl-xL phosphorylation;** on the other
hand, it contributes to autophagy induction through
transactivation of target genes such as Sestrin 2 and
DRAM.***7 These findings indicated that these 5
IncRNAs

response through the above pathway, resulting in differ-

might modulate autophagy and immune

ences in survival outcomes between high-risk and low-
risk groups.
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Conclusion

In summary, we constructed a 5 autophagy-related
IncRNA prognostic signature (AL355574.1, AC010768.2,
AP000695.2, AC087286.2, and HAGLR) by Cox regres-
sion analysis. This signature could be an independent
prognostic indicator for GC patients and has a higher
prediction efficiency than other clinicopathological para-
meters. Furthermore, we discovered the crucial role of
autophagy-related IncRNA signature in TIME of GC.
Our study suggests that the 5 autophagy-related IncRNA
prognostic signature could be a powerful indicator of GC
patients’ clinical outcome and might provide promising
targets for immunotherapy. However, future studies are
needed to validate our prognostic signature and to investi-
gate the mechanisms of these autophagy-related IncRNAs
in modulating TIME.
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