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Background: The onset and progression of many cancers, including gastric cancer (GC), are strongly 
influenced by cell senescence. Numerous studies have demonstrated that long non-coding RNA (lncRNA) 
impacts cell senescence, thus affecting cancer progression. However, it is not possible to develop a relevant 
predictive model for GC owing to the absence of a cell senescence-linked lncRNA. Since lncRNAs are linked 
to cellular senescence, the goal of this work was to create a prognostic signature for stomach adenocarcinoma 
(STAD) patients utilizing these lncRNAs.
Methods: Through the Pearson correlation, variance, and univariate Cox regression analyses, the cellular 
senescence lncRNAs that were related to the disease prognosis could be successfully identified. Using the 
least absolute shrinkage and selection operator (LASSO) regression algorithm, a predictive model that 
utilized the 11 cellular senescence-linked lncRNAs was constructed. Kaplan-Meier (KM) survival and 
the receiver operating characteristic (ROC) curve analyses, were employed for assessing the prognostic 
performance of the proposed model. In addition, ESTIMATE analysis of the low- and high-risk subtypes 
for the infiltration of various immune cells was carried out. Additionally, the CIBERSORT algorithm 
was utilized for investigating the infiltration status of numerous immune cells in both groups, while the 
expression of the immune checkpoint genes in the two groups, was also determined.
Results: In this study, a new prognostic model was constructed using 11 cellular senescence-related 
lncRNAs. The findings revealed that the OS status of the patients in the low-risk group (category) was 
significantly higher compared to the high-risk category (P<0.001). The 1-year ROC-area under the curve 
(AUC) values for the risk score in the training group was 0.714, while the AUC value for the test and 
comprehensive groups were recorded to be 0.666 and 0.695, respectively, which were obviously due to stage, 
grade, age, etc. And based on univariate [hazard ratio (HR): 1.435; P<0.001; 95% confidence interval (CI): 
1.295–1.589] and multivariate analyses (P<0.001; 95% CI: HR: 1.387; 1.247–1.543), it was noted that risk 
scores were effectively employed as a patient-independent prognostic factor.
Conclusions: Taken together, these results suggest that cellular senescence-related lncRNAs are 
likely to be valuable prognostic markers for GC. They also reflect the situation of the STAD immune 
microenvironment and may provide direction for future GC treatment.
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Introduction

Globally, gastric cancer (GC) was the 5th most prevalent 
cancer and 3rd major cause of mortality (1). Advances in 
oncology, such as radiation therapy, neo- and adjuvant 
chemotherapies, and more recently, immunotherapies, 
like the immune checkpoint inhibitors (ICIs), are used for 
treating advanced GC patients; however, in most cases, 
the prognosis is still poor (2). Therefore, it is essential to 
determine the significance of the potential biomarkers of 
GC to improve the prognosis of GC for guiding clinical 
treatment.

Cellular senescence refers to cells losing their ability to 
divide so that they are in a permanent state of cell-cycle 
arrest. Unlike body senescence, cellular senescence can 
occur at various stages of development and growth and is 
important for maintaining tissue homeostasis and preventing 
the expansion of damaged cells. Cellular senescence 
is linked to several diseases, like neurodegenerative 
Alzheimer’s disease (3), chronic kidney disease (4,5), 
non-alcoholic fatty liver disease (6), type 2 diabetes (7), 
and prostate disease in older men (8). However, the link 
between tumor formation and cellular senescence remains 
controversial. During the early stages of the senescence-
associated secretory phenotype (SASP), SASP refers to the 
fact that senescent cells are in growth arrest, but still have 
relatively active metabolic activity, synthesizing a large 
number of proteins, such as interleukins, growth factors, 
chemokines, and matrix metalloproteinases. And affects 
the tissue microenvironment in a paracrine manner, which 
can promote tissue repair, activate the immune system, and 
initiate immune surveillance of senescent cells (9). However, 
prolonged SASP can reshape the microenvironment, leading 
to chronic inflammation and promoting tumor development. 
When considering the relationship between cellular senescence 
and tumors, it is important to systematically study the role of 
cellular senescence-related genes in GC.

The long non-coding RNAs (lncRNAs) are >200 
nucleotides long and can control gene expression, RNA 
splicing, and microRNA (miRNA) regulation, but do not 
have protein translation functions. In the past few years, 
several researchers have noted that the cell senescence-
linked lncRNAs were involved in the onset and progression 
of tumors, including cell senescence-linked lncRNA-

HOXA-AS3 [HOXA cluster antisense RNA 3 (HOXA-
AS3)] through the formation of the HOXA-AS3 duplex. 
The formation of more stable HOXA6 helps in promoting 
the invasion, proliferation, and migration of malignant 
lung adenocarcinoma cells (10). LncRNA-HOTAIR [HOX 
transcript antisense RNA (HOTAIR)] contributes to 
cellular senescence and chemoresistance in ovarian and 
other cancers by reducing Iκ-Bα (an NF-κB inhibitor) 
and regulating NF-κB activation (11). However, very few 
researchers have investigated the role played by the cellular 
senescence-linked lncRNAs in GC. Hence, it is important 
to identify lncRNAs that are associated with cellular 
senescence for predicting the prognosis of GC.

Although GC has a considerable number of prognostic 
markers such as carcinoembryonic antigen (CEA) and 
cancer antigen 199 (CA199), etc. But the prognosis 
and survival of GC are not good. Therefore, some new 
prognostic models have emerged to help clinical judgment 
and guide clinical treatment [e.g., N6-methyladenosine-
related lncRNAs (12), ferroptosis-related lncRNAs (13), 
and hypoxia-related lncRNAs (14), etc.]. However, there is 
no research on cellular senescence-related lncRNAs in the 
stomach adenocarcinoma (STAD) prognostic model. In this 
research, it was hypothesized that the lncRNAs linked to 
cellular senescence could be used as promising prognostic 
biomarkers in the treatment of GC. The relationship 
between the OS, expression of the cellular senescence-
linked lncRNAs, and the clinicopathological factors for 
STAD patients, was derived using The Cancer Genome 
Atlas (TCGA) database. Furthermore, a novel prognostic 
signature integrating 11 lncRNAs linked to cellular 
senescence was constructed, and its prognostic ability 
to accurately and independently predict the prognosis 
of STAD patients was determined. Figure 1 presents a 
schematic diagram depicting the workflow used in the 
study. We present the following article in accordance with 
the TRIPOD reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-662/rc).

Methods

Obtaining GC data information from public databases

This study was carried out as per the Declaration of Helsinki  
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Figure 1 Identification of lncRNAs linked to cellular senescence in GC. (A) Co-expression profile of the lncRNAs and related genes that 
regulate cellular senescence. (B) Thirty-three cellular senescence lncRNAs were shown to be related to the OS time in GC patients by 
univariate regression analysis. (C) Heatmap highlighting the differential expression of prognosis-linked lncRNAs associated with cellular 
senescence. *P<0.05; **P<0.01; ***P<0.001. LncRNAs, long non-coding RNAs; GC, gastric cancer; CAG, cell-aging related genes.
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(as revised in 2013). All RNA-seq data [fragments per 
kilobase million (FPKM) values] and the STAD-related 
clinical data were acquired from TCGA database (15). This 
included all information regarding the sex, age, tumor-
node-metastasis (TNM) stage, and overall survival (OS) 
status of GC patients. For differentiating between the 
lncRNAs and mRNAs, the GTF files were also retrieved 
from Ensembl (https://uswest.ensembl.org/index.html) for 
additional analysis (16). The downloaded data were then 
normalized, processed, and assessed with the help of the 
R software 4.1.2. A total of 279 cellular senescence-linked 
genes were derived from the cellular senescence-associated 
database, i.e., CellAge (https://genomics.senescence.info/
cells/) (17), and all the genes were verified experimentally.

Identification of lncRNAs associated with cellular 
senescence

Using the public database, i.e., CellAge, a total of 279 
cellular senescence-linked genes were downloaded and 
experimentally verified. The detailed gene list is shown 
in Table S1. The expression data for the 279 cellular 
senescence-linked genes was further downloaded from the 
TCGA database. LncRNAs related to cellular senescence 
genes were detected by Pearson’s correlation analysis, and 
lncRNAs showing a P<0.001 and correlation coefficient 
|R2|>0.4 were screened out. These RNAs are considered to 
be highly correlated with cellular senescence in GC. Next, 
a univariate Cox regression analysis was carried out with the 
above-mentioned cell senescence-linked lncRNAs to screen 
the lncRNAs linked to the OS of the GC patients. Herein, 
P<0.05 was considered a screening condition.

Constructing and validating the aging-linked lncRNA risk 
signature

Survival data and expression data were combined, and  
371 GC samples were left after excluding samples without 
any OS status or time. The above 371 GC patients were 
classified randomly into a test group and a training group in 
a 1:1 ratio. The best candidates were then examined using 
least absolute shrinkage and selection operator (LASSO) 
Cox regression analysis, and prognostic signatures were 
developed using various cellular senescence lncRNA 
signatures. The median risk score was employed for 
separating the low- and high-risk groups (categories). 
Using the log-rank test and Kaplan-Meier (KM) analysis, 
differences in the OS across various risk categories in the 

testing and training datasets were evaluated. The prediction 
capability of the survival signal was evaluated based on the 
area under the curve (AUC) values and the time-dependent 
receiver operating characteristic (ROC) curves. The R 
packages like caret, pheatmap, survival, and ggpupr were 
used in the aforementioned procedures.

Correlation between the 11 cellular senescence-linked 
lncRNA signature models and clinicopathological factors

The Cox regression analysis was implemented for assessing 
if the prognostic model comprising 11 cellular senescence-
linked lncRNAs acted as an independent risk factor for the 
prognosis of the GC patients. The relationships between the 
clinical characteristics, molecular subtypes, and prognosis 
were determined to study the clinical value of molecular 
subtypes in GC. Age, sex, tumor site, and TNM stage were 
among the patient’s characteristics. The KM technique was 
employed for identifying the differences in OS status across 
different groups, and the survminer and survival modules of 
the R software were used to display the results.

Construction and assessment of the nomogram prediction 
model

Herein, a nomogram was developed using the risk score and 
the clinicopathological factors for predicting the 1-, 3-, and 
5-year OS outcomes (prognoses) of the patients with GC. 
This nomogram could be used for assessing the probable 
clinical significance of the new prognostic model that was 
developed using the 11 cellular senescence-linked lncRNAs. 
The consistency between the observed and predicted 
OS rates by the nomogram was then evaluated using the 
calibration curves.

Gene set enrichment analysis (GSEA)

The GSEA technique was utilized for determining the 
associated functions and signaling pathways, whereas 
the javaGSEA tool was used for identifying the high and 
low scores of GC patients to determine the differences 
in the signaling pathways between both risk groups (18). 
Further investigation was carried out for understanding 
the biological functions and pathways associated with the 
differentially expressed genes (DEGs) in both the risk 
categories. DEGs between the high- and low-risk groups 
were identified using the cutoff values of false discovery rate 
(FDR) <0.05 and |log fold change (FC)|>1. The Kyoto 

https://uswest.ensembl.org/index.html
https://genomics.senescence.info/cells/
https://genomics.senescence.info/cells/
https://cdn.amegroups.cn/static/public/JGO-22-662-Supplementary.pdf
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Encyclopedia of Genes and Genomes (KEGG) and Gene 
Ontology (GO) enrichment analyses were carried out with 
the Profiler R package cluster (19).

Assessment of the immune microenvironment, infiltration 
status of immune cells, and the immune surveillance points

The estimation technique of the “estimates” package 
was used for estimating the proportions of the tumor 
microenvironment  (TME) y ie ld ing the  immune, 
stromal, and estimated scores. The proportion of every 
corresponding component in the TME was seen to increase 
as the score increased. The activity of the 13 immune-
associated pathways was assessed using the single-sample 
GSEA (ssGSEA) technique, an enrichment technique 
frequently employed in medical research. The immune 
infiltration rates of 22 different immunological cells in the 
tumor samples were determined using the CIBERSORT 
method. Furthermore, the variations in the Immune 
Checkpoint genes in both risk groups were determined 
based on previously published reports (20,21).

Statistical analysis

R soft 4.1.2 was used to process all the data. The correlation 
between the co-expression of lncRNAs and genes linked 
to cellular senescence was investigated using Pearson’s 
correlation analysis. Prognostic characteristics were 
found using LASSO regression analysis. Additionally, 
the univariate and multivariate Cox analyses were used 
for evaluating if the risk score could be employed as an 
independent prognostic factor for STAD. The risk model’s 
sensitivity and specificity were assessed using the Area under 
the ROC curve. The Fisher’s exact or chi-square tests were 
implemented for probing into the differences across all 
categorical variables. Furthermore, the Student’s t-test was 
used for comparing the normally-distributed continuous 
variables between both the risk groups.

Results

Identification of lncRNAs associated with cellular 
senescence

Figure S1 displays the entire process used in this study 
in detail. TCGA database was utilized to gather the gene 
expression data of 279 genes linked to cellular senescence 
in the GC patients, which included 32 normal as well as 

375 tumor samples. Pearson’s correlation analysis was 
implemented for identifying the lncRNAs linked to the 
genes that were related to cellular senescence, and lncRNAs 
with correlation coefficients |R2|>0.4 and P<0.001 were 
filtered out (Figure 1A). P<0.05 was the screening threshold, 
and 33 lncRNAs associated with the OS status of the 
patients with GC were examined, as presented in Figure 1B.  
Figure 1C illustrates the gene expression patterns of 
lncRNAs in the normal and malignant tissue tumor samples. 
Subsequently, the expression level of these lncRNAs was 
examined.

Constructing and validating the prognostic model of 
cellular senescence-related lncRNAs

Excluding samples without OS status or time, the remaining 
371 GC patients were randomly categorized into the test 
group (n=184) and the training group (n=187) in a 1:1 ratio. 
LASSO Cox regression analysis was performed based on 
33 cellular senescence-associated lncRNAs in the training 
cohort. It was found that 11 characteristic lncRNAs related 
to cellular senescence could be used for model construction 
(Figure 2A,2B). The risk scores for every patient were 
estimated using the data for the 11 relevant lncRNAs along 
with their correlation coefficients based on the formula 
below:

Risk score = LINC02544 × 0.011000997 + LINC00571 
× −0.813110635 + LINC00592 × 0.32778269 + POLMSH-
AS1 × −0.025147195 + RRN3P2 × 0.221782955 + TYOS × 
−0.023627594 + LINC02696 × 0.860742118 + LINC01094 × 
0.181390355 + LINC00449 × −0.027129427 + LINC01614 × 
0.030126879 + PVT1 × −0.07100812.

The related lncRNAs and their correlation coefficients 
are shown in Figure 2C (the names of these RNAs represent 
their expression levels). The GC patients included in the 
training and test groups were further categorized into the 
low-risk and high-risk categories depending on their median 
risk scores. Figure 3A,3B present the risk score, OS status, 
and gene expression in the GC patients, while Figure 3C  
shows a heatmap of the 11 characteristic genes that were 
used for constructing the prognostic model.

KM survival curve analysis was employed for assessing 
the model’s prognostic validity in GC patients, and the 
findings demonstrate that the high-risk category patients 
showed considerably worse OS rates (P<0.001) (Figure 3D).  
Analysis of the ROC curves helped in assessing the 
model’s prediction accuracy. The results revealed that the 
AUC value in the training group was 0.716 (Figure 3E). 

https://cdn.amegroups.cn/static/public/JGO-22-662-Supplementary.pdf
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Furthermore, the efficacy and accuracy of the predictions 
based on the 11 lncRNAs linked to cellular senescence 
were further verified in the test and combination groups 
(including all the samples). Figure 3D illustrates the results 
of a KM survival analysis, which showed that the 5-year 
OS rate in the high-risk GC category was considerably 
decreased in the verification (P<0.38) and combination 
groups (P<0.001). The ROC analysis indicated that the 
AUC values in the test and combination groups were 
recorded to be 0.666 and 0.695, respectively, as presented 
in Figure 3E. These results show that cellular senescence-
related lncRNAs have strong prognostic predictive value.

Correlation between 11 lncRNA signature models 
associated with cellular senescence and clinicopathological 
factors

The Cox regression analysis was conducted to determine if 
the developed prognostic model that was constructed using 
the 11 cellular senescence-linked lncRNAs can be utilized 
as the independent risk factor for the GC prognosis. T 
(P=0.49), age (P=0.01), stage (P<0.001), N (P<0.001), and risk 
score (P<0.001) were all significant factors that affected the 
prediction of the GC prognosis, as per the results displayed 
by the univariate Cox regression results analysis (Figure 4A).  
Figure 4B displays the multivariate regression analysis 
results that indicated that the age [P<0.001; hazard ratio 

(HR): 1.032; 95% confidence interval (CI): 1.013–1.052]  
and the risk score (P<0.001; HR: 1.387; 95% CI: 1.247–1.543) 
were used as the independent prognostic indicators for GC. 
In addition, Figure 4C illustrates the correlation between the 
clinicopathological factors and the expression profile of the 11 
cellular senescence-linked lncRNAs.

For validating the stability of this prognostic model, the 
GC samples were classified into different categories as per 
their varying clinical or pathological features. The KM 
survival analysis was carried out for every subgroup. Results 
are presented for all the subgroups in terms of factors like 
age, sex, T stage, N stage, M stage, clinical stage, and grade 
(Figure 5A-5N, respectively). The high-risk groups showed 
a lower OS rate for all the above factors (except the M 
stage). These results show the accuracy and stability of the 
predictive model.

Developing and evaluating a prognostic nomogram 
depending on the cellular senescence-linked lncRNAs

To assess the potential clinical utility of a prognostic model 
based on 11 cellular senescence-associated lncRNAs, a 
nomogram was constructed that determined the likelihood 
of OS in these patients after adding the scores of many 
associated factors. The 1-, 3-, and 5-year OS values in the 
patients with GC were accurately predicted by comparison 
with ideal prediction models (Figure 6A,6B).
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Figure 3 Development and verification of the cellular senescence-linked lncRNA signature models included in the training datasets and 
the ensemble and validation groups. (A-C) Distribution of the OS status and risk scores, as well as the distribution of the risk scores in the 
training set, validation set, and overall groups. (D) KM curves for the OS status and survival time among different groups. (E) AUC of the 
ROC curves that compare the prognostic accuracy of risk scores and a few other predictive parameters used in the training set, validation, 
and overall groups. AUC, area under the curve; lncRNAs, long non-coding RNAs; OS, overall survival; KM, Kaplan-Meier; ROC, receiver 
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Journal of Gastrointestinal Oncology, Vol 13, No 4 August 2022 1647

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(4):1640-1655 | https://dx.doi.org/10.21037/jgo-22-662

0.0  0.5   1.0  1.5   2.0   2.5  3.0 3.5
Hazard ratio

Univariate analysis Multivariate analysis

0.0   0.5   1.0  1.5  2.0   2.5  3.0 3.5
Hazard ratio

Age 0.010 1.024 (1.006–1.042) 

Gender 0.081 1.404 (0.959–2.054) 

Grade 0.107 1.330 (0.940–1.883) 

Stage <0.001 1.549 (1.244–1.929) 

T 0.049 1.255 (1.001–1.573)

M 0.062 1.806 (0.971–3.359)

N <0.001 1.327 (1.132–1.555)

Risk score <0.001 1.435 (1.295–1.589)

Age 0.001 1.032 (1.013–1.052) 

Gender 0.123 1.359 (0.920–2.005) 

Grade 0.148 1.308 (0.909–1.884) 

Stage 0.067 1.476 (0.973–2.241) 

T 0.874 0.976 (0.724–1.316)

M 0.311 1.498 (0.685–3.277)

N 0.513 1.081 (0.857–1.364)

Risk score <0.001 1.387 (1.247–1.543)

P value Hazard ratio P value Hazard ratio

N
M
T* 
Stage*
Grade**
Gender
Age
Risk

N

M

T*

Stage*

Grade**

Gender

Age

Risk

LINC02544 

LINC00571 

LINC00592 

POLH-AS1 

RRN3P2

TYMSOS 

LINC02696 

LINC01094 

LINC00449 

LINC01614

PVT1

15

10

5

0

−5

−10

−15

N0
N1
N2
N3
Unknown

T1
T2
T3
T4 
Unknown

Stage l
Stage ll
Stage lll
Stage lV
Unknown

G1
G2
G3
Unknown

Female
Male

≤65
>65 
Unknown

High
Low

M0
M1
Unknown

A

C

B

Figure 4 Analysis of the correlation between various clinicopathological characteristics and prognostic variables in the TCGA cohort. (A,B) 
Risk score and other clinical parameters related to GC were investigated using the univariate and multivariate Cox regression analyses. (C) 
Heatmap for the clinical correlation. Green denotes a low-risk subtype, whereas red denotes a high-risk category. The main abscissa shows 
the high-risk group and low-risk group; we show the high-risk category in red and the low-risk subtype in blue. The tumor TNM stage, 
gender, age, survival time, OS status, and the clinicopathological stage are also included in the abscissa stratification; the ordinate shows the 
expression levels of distinctive prognostic lncRNAs linked to ferroptosis in all samples. *P<0.05; **P<0.01. TCGA, The Cancer Genome 
Atlas; GC, gastric cancer; TNM, tumor-node-metastasis; OS, overall survival; lncRNAs, long non-coding RNAs.



Wang et al. Cell senescence-related lncRNAs in GC1648

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(4):1640-1655 | https://dx.doi.org/10.21037/jgo-22-662

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

H
ig

h
Lo

w

Risk Risk Risk

Risk Risk Risk

Risk Risk Risk

Risk Risk Risk

Risk Risk

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6
Ti

m
e,

 y
ea

rs

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
Ti

m
e,

 y
ea

rs

P
=

0.
00

4

P
=

0.
00

5

P
=

0.
02

7

P
<

0.
00

1

P
<

0.
00

1

P
<

0.
00

1

P
=

0.
00

2

P
=

0.
04

3

P
=

0.
08

6

P
=

0.
00

3

P
=

0.
17

7

P
<

0.
00

1

P
=

0.
02

5

P
<

0.
00

1

P
at

ie
nt

s 
w

ith
 a

ge
 >

65

P
at

ie
nt

s 
w

ith
 G

3

P
at

ie
nt

s 
w

ith
 s

ta
ge

 I–
II

P
at

ie
nt

s 
w

ith
 a

ge
 ≤

65

P
at

ie
nt

s 
w

ith
 M

0

P
at

ie
nt

s 
w

ith
 s

ta
ge

 II
I–

IV

P
at

ie
nt

s 
w

ith
 fe

m
al

e

P
at

ie
nt

s 
w

ith
 M

1

P
at

ie
nt

s 
w

ith
 T

1–
2

P
at

ie
nt

s 
w

ith
 m

al
e

P
at

ie
nt

s 
w

ith
 N

0

P
at

ie
nt

s 
w

ith
 T

3–
4

P
at

ie
nt

s 
w

ith
 G

1–
2

P
at

ie
nt

s 
w

ith
 N

1–
3

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

R
is

k 
H

ig
h 

Lo
w

Survival probability Survival probability Survival probability

Survival probability Survival probability Survival probability

Survival probability Survival probability Survival probability

Survival probability Survival probability Survival probability

Survival probability Survival probability

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

11
0 

58
 

18
 

9 
5 

3 
1 

0 
0 

0 
0

95
 

55
 

26
 

10
 

5 
3 

2 
1 

1 
1 

0

13
3 

77
 

33
 

11
 

5 
3 

2 
1 

1 
1 

0
85

 
54

 
21

 
9 

5 
4 

3 
2 

2 
2 

1

85
 

56
 

23
 

10
 

5 
3 

3 
1 

1 
1 

0
76

 
53

 
23

 
11

 
7 

4 
1 

0 
0 

0 
0

90
 

55
 

27
 

9 
4 

2 
1 

1 
1 

1 
0

73
 

56
 

26
 

16
 

6 
4 

2 
1 

1 
1 

1

17
8 

10
6 

45
 

19
 

10
 

7 
3 

1 
1 

1 
0

15
0 

10
3 

49
 

24
 

11
 

6 
3 

2 
2 

2 
1

10
0 

56
 

23
 

10
 

6 
4 

0 
0 

0 
0 

0
87

 
56

 
29

 
15

 
5 

3 
3 

2 
2 

2 
1

72
 

44
 

22
 

7 
3 

3 
1 

1 
1 

1 
0

61
 

40
 

15
 

6 
3 

2 
1 

0 
0 

0 
0

14
 

5 
0 

0 
0 

0 
0

11
 

5 
4 

3 
1 

1 
1

48
 

36
 

13
 

8 
7 

5 
3 

1 
1 

1 
0

48
 

30
 

13
 

7 
5 

4 
0 

0 
0 

0 
0

13
0 

71
 

25
 

13
 

8 
4 

2 
0 

0 
0 

0
10

8 
72

 
38

 
21

 
9 

5 
3 

2 
2 

2 
1

53
 

35
 

16
 

5 
3 

1 
1 

1 
1 

1 
0

55
 

40
 

17
 

5 
5 

3 
1 

0 
0 

0 
0

14
9 

78
 

34
 

12
 

4 
2 

0 
0 

0 
0 

0
12

1 
82

 
40

 
20

 
7 

3 
3 

2 
2 

2 
1

63
 

36
 

14
 

9 
6 

4 
1

81
 

56
 

31
 

18
 

7 
3 

1

13
5 

78
 

29
 

15
 

8 
6 

2 
0 

0 
0 

0
11

0 
71

 
36

 
22

 
7 

4 
3 

2 
2 

2 
1

B G L

D I N

E J

A F K

C H M

Fi
gu

re
 5

 K
M

 a
na

ly
si

s 
sh

ow
s 

th
e 

O
S 

st
at

us
 c

ur
ve

s 
of

 th
e 

pa
tie

nt
s 

w
ith

 G
C

 in
 d

iff
er

en
t s

ub
gr

ou
ps

. (
A

) A
ge

 >
65

; (
B

) a
ge

 ≤
65

; (
C

) f
em

al
es

; (
D

) m
al

es
; (

E
) G

1–
G

2;
 (F

) G
3;

 (G
) 

M
0;

 (H
) M

1;
 (I

) N
0;

 (J
) N

1–
N

3;
 (K

) s
ta

ge
 I

 +
 I

I;
 (L

) s
ta

ge
 I

II
 +

 I
V

; (
M

) T
1–

T
2;

 (N
) T

3–
T

4.
 K

M
, K

ap
la

n-
M

ei
er

; O
S,

 o
ve

ra
ll 

su
rv

iv
al

; G
C

, g
as

tr
ic

 c
an

ce
r.



Journal of Gastrointestinal Oncology, Vol 13, No 4 August 2022 1649

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(4):1640-1655 | https://dx.doi.org/10.21037/jgo-22-662

Figure 6 A new nomogram is constructed for predicting the OS status in patients with GC. (A) Nomogram of the clinicopathological 
variables and the predictive model integrating 11 lncRNAs linked to cellular senescence. (B) The calibration curves were employed for 
assessing the accuracy of the nomogram model. The ideal nomogram is represented by the gray diagonal dashed line. **P<0.01; ***P<0.001. 
OS, overall survival; GC, gastric cancer; lncRNAs, long non-coding RNAs.
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Molecular function (MF) and pathway discovery by GSEA, 
GO, and KEGG analyses

To investigate the pathway differences between different 
groups of 11 cellular senescence-related lncRNAs, the 
GSEA technique was implemented. The results indicated 
that many pathways associated with tumor progression 
were enriched significantly in the high-risk category, like 
JAK-STAT and MAPK signaling pathways. Additionally, 
the patients in the high-risk category showed significant 
enrichment in the immune-related pathways, like the B-cell 
and T-cell receptor-related pathways, NK-cell-mediated 
cytotoxicity-based pathways, and the gut immune network-
linked pathways. Significant enrichment of high-risk groups 
was found in many tumors and immune-related diseases, 
such as autoimmune-related diseases, melanoma, basal cell 
carcinoma, and renal cell carcinoma, as shown in Figure 7. 
Table S2 presents additional details. The low-risk patients 
had similar genes that were primarily enriched in the DNA 
repair-associated pathways and pyrimidine metabolism-
related pathways, as shown in Figure 7. Table S3 presents 
additional details. The functional and pathway enrichment 
analyses associated with 2 sets of DEGs were conducted. 
Cutoff thresholds for |logFC|>1 and FDR <0.05 followed 
by the annotated KEGG and GO enrichment analyses 

(P<0.05), were utilized to identify the DEGs between both 
the risk groups. Similar to the GSEA findings, KEGG 
analysis revealed a high enrichment of numerous immune-
related pathways (Figure 7B). A GO analysis was carried out 
and the findings revealed that MF, biological process (BP), 
and cellular component (CC) were subjected to enrichment. 
In Figure 7C, the outcomes of the above 3 analyses were 
displayed. Taken together, all the findings suggested that 
the risk scores for 11 cellular senescence-associated lncRNA 
signatures are primarily involved in tumor development and 
are associated with tumor immunity.

Association of cellular senescence-associated lncRNAs with 
the infiltration of the immune cells and different immune 
checkpoints

Using the ESTIMATE algorithm, the immune, stromal, 
and ESTIMATE scores of the 2 risk groups were predicted. 
As presented in Figure 8A-8C, some differences were 
noted in the immune (P<0.001), stromal (P<0.001), and 
ESTIMATE (P<0.001) scores across the groups. In 
comparison to high-risk patients, the low-risk patients 
showed a higher tumor purity. The ssGSEA-based 
correlation analysis was carried out between different 

https://cdn.amegroups.cn/static/public/JGO-22-662-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-662-Supplementary.pdf
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Figure 7 Biological functions and the pathway enrichment analyses of the high- and low-risk categories depending on the prognostic 
markers of cellular senescence-linked lncRNAs. (A) GSEA reveals enriched pathways in high and low groups. (B) KEGG analysis reveals 
enrichment of multiple pathways involved in the immune system and cancer proliferation. (C) GO analysis reveals significant enrichment of 
immune-related biologic processes. KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process; CC, cellular component; 
MF, molecular function; lncRNAs, long non-coding RNAs; GSEA, gene set enrichment analysis; GO, Gene Ontology.
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immune cell subsets and the associated functions and the 
findings revealed substantial differences in the immune 
functions across the groups. Immune cell functions such as 
type I interferon (IFN) response, inflammation-promoting, 
type II IFN response, T cell co-stimulation, antigen 
presenting cell (APC) co-inhibition, cytolytic activity, 
checkpoint, T cell co-inhibition, human leukocyte antigen 
(HLA), para-inflammation, APC co-stimulation, and CC 
chemokine receptor (CCR), were increased significantly 
(P<0.001) in the high-risk group (Figure 8D). Correlation 
analyses among the 22 immune cells revealed differences 
in 4 cell types, including resting dendritic cells, monocytes, 
M2 macrophages, and plasma cells. Plasma cells were 
observed to be prevalent in the patients included in the low-
risk category, whereas the high-group patients showed a 
higher prevalence of the other three cell types (Figure 8E).  

The results also showed that blocking the immune 
checkpoint pathways could be a very promising strategy for 
achieving anticancer immunity. As a result, the variations 
in the expression of multiple ICGs were assessed and 
compared between both groups. Nearly all the immune 
checkpoints were different between both groups. According 
to the findings (Figure 9), the immune-linked genes were 
more prevalent in the high-risk category, suggesting that 
ICIs are more responsive in the patients included in the 
high-risk category, who were receiving immunotherapy.

Discussion

Many current reports have focused on determining the role 
played by the cellular senescence-linked genes in tumors. 
Recently, lncRNAs related to cellular senescence have 
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Figure 8 Analysis of the infiltration landscape of the different immune cells in the GC patients. (A) Estimated, (B) immune, and (C) stromal 
scores for the GC patients in both the risk categories. (D) In the TCGA dataset, 13 immune-linked functions were compared between the 
2 different risk groups. (E) Box plot for analyzing the 22 immune cells in the patients with colon cancer in both the risk groups. *P<0.05; 
**P<0.01; ***P<0.001; ns, not significant. GC, gastric cancer; TCGA, The Cancer Genome Atlas.
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Figure 9 Gene expression of the different immune checkpoint genes between both the risk groups. *P<0.05; **P<0.01; ***P<0.001.
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attracted more and more attention. For example, Si et al. 
reported that lncRNA-HEIH promoted ovarian cancer cell 
proliferation by suppressing cellular senescence through 
the miR-3619-5p/CTTNBP2 axis (22). Li et al. found that 
the lncRNA USP2-AS1 acts as a direct transcriptional 
target of c-Myc to inhibit senescence and promote tumor 
progression (23). Hence, it is essential to identify potential 
markers of cellular senescence-related lncRNAs in cancer. 
However, the current research in GC is still insufficient.

In this research, the expression profiles of 279 cellular 
senescence-linked genes were analyzed, and they were 
observed to be updated by the CellAge database and 
validated experimentally. Depending on the co-expression 
of the cellular senescence-linked genes, the related 
lncRNAs were then screened. Next, the expression profiles 
of the senescence-linked lncRNAs and the prognosis of the 
patients with GC were downloaded using the TCGA cohort 
and then examined. In total, 33 prognostic lncRNAs were 
identified using these results. The best candidates were 
further analyzed using the LASSO Cox regression analysis 
for constructing the novel prognostic model integrating 
11 cellular senescence-linked lncRNAs. This novel model 
was verified using the internal cohort. Additionally, a 
predictive nomogram was constructed after combining the 
clinical traits with the lncRNA markers related to cellular 
senescence. The design of the new signature could help 
in differentiating among the different risk samples. The 
OS status of the STAD in the training cohort was lower 

in the high-risk category in comparison to that in the low-
risk subtype, and similar findings were observed in the test 
cohort. Furthermore, the risk scores were found to be the 
independent predictor of OS in STAD patients, depending 
on the findings of the univariate and multivariate Cox 
regression analyses. Altogether, these findings show how 
the prognostic signatures integrating cellular senescence-
linked lncRNAs could successfully predict the OS rate in 
GC patients.

The TME is crucial for the advancement of malignant 
tumors, immune evasion, and treatment resistance. TME 
can be impacted by variations in any gene. Therefore, in 
this report, the correlation noted between the infiltration 
status of immune cells in the tumor tissues and the cellular 
senescence-linked lncRNAs was examined.

Tumor-associated macrophages have been extensively 
studied, and their numbers are thought to correlate with 
tumor grade and survival (24,25). Although the function 
of tumor-associated macrophages is highly plastic, tumor-
associated macrophages eventually transition to an 
immunosuppressive phenotype as the tumor progresses. 
As characteristic surface molecules of tumor-associated 
macrophages, CD163 and CD206 have properties 
related to stimulating angiogenesis, inhibiting adaptive 
immunity, and promoting tumor growth and metastasis 
(26-28). The predominant phenotype of tumor-associated 
macrophages is currently considered to be the M2 type. 
Some studies have found that lung cancer cells can induce 
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the polarization of macrophages to the M2 subtype, which 
in turn enhances the invasion, migration, and epithelial-
mesenchymal transition (EMT) of lung cancer cells (29,30). 
Yamaguchi et al. reported that M2 macrophages promote 
peritoneal dissemination in GC patients and lead to tumor 
spread and progression (31). The M2 isoform promotes 
EMT in pancreatic cancer cells through the TLR-4/IL-10 
signaling pathway (32). M2 macrophages are considered 
tumor-promoting “bad” macrophages because they produce 
growth factors, activate tissue repair and angiogenesis, 
and have high scavenging activity that suppresses adaptive 
immune responses (33). These results are consistent 
with those observed in this study, where the levels of M2 
macrophages were seen to be significantly enhanced in 
the high-risk category compared to the low-risk category. 
Macrophages are derived from monocytes. The study 
found that after monocytes reach the tumor after the Notch 
signaling transcriptional regulator RBPJ is activated, they 
differentiate into tumor-associated macrophages (34). This 
finding is also consistent with the findings reported in 
this study, and the enrichment analysis showed significant 
enrichment in the Notch pathway. Immune cell analysis 
also indicated that the GC patients in the high-risk 
category showed a higher level of monocytes compared 
to the low-risk GC patients. Therefore, the high-risk 
category was significantly associated with immunity in the 
TME and likely contributed to the progression of GC by 
increasing the infiltration level of M2-type macrophages. 
Immune checkpoints include immunostimulatory factors 
and immunosuppressive molecules. In recent years, ICIs 
represented by the PD-1/PD-L1 antibodies were commonly 
used in tumors. Moreover, the variations noted in the 
gene expression of immune checkpoint genes between 
both the categories were assessed, and the results revealed 
that the GC patients in the high-risk category showed 
a higher level of immune-related genes, indicating that 
ICIs are more sensitive in high-risk GC patients receiving 
immunotherapy.

This study has a few drawbacks. Firstly, the TCGA 
database was used as the sole data source in this study, with 
no additional datasets used to verify our findings. Other 
datasets should be used in future studies to confirm the 
performance of the proposed predictive signature. Secondly, 
the results noted in the study need to be validated, both in 
vivo and in vitro. The underlying processes of the cellular 
senescence-linked lncRNAs were not studied. Therefore, 
to assess the predictive performance of the constructed 
signature and identify the relevant regulatory mechanisms, 

functional studies should explore these 11 lncRNAs 
separately and thoroughly. Despite all these drawbacks, this 
is, to the best of the researcher’s knowledge, the first report 
where the cellular senescence-linked lncRNAs have been 
established and validated in a GC prognostic model.

Conclusions

According to the findings presented in this study, the 
cellular senescence-linked lncRNA signatures can act as an 
effective prognostic marker in GC patients. It will direct 
the development of the GC biomarkers and a more precise 
immune modulation.
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