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Background: Colorectal cancer (CRC) is one of the most common cancers. Cellular senescence plays a
vital role in carcinogenesis by activating many pathways. In this study, we aimed to identify biomarkers for
predicting the survival and recurrence of CRC through cellular senescence-related genes.

Methods: Utilizing The Cancer Genome Atlas ('CGA) and Gene Expression Omnibus (GEO) databases,
RINA-sequencing data and clinical information for CRC were collected. A risk model for predicting overall
survival was established based on five differentially expressed genes using least absolute shrinkage and
selection operator-Cox regression (LASSO-Cox regression), receiver operating characteristic (ROC), and
Kaplan-Meier analyses. The study also delved into both the tumor microenvironment and the response to
immunotherapy. Moreover, we gathered clinical sample data from our center in order to confirm the findings
of public database analysis.

Results: Through ROC and Kaplan-Meier analyses, a risk model was developed using five cellular
senescence-related genes [i.e., CDKN2A, SERPINE1, SNAII, CXCLI, and ETS?2] to categorize patients into
high- and low-risk groups. In the TCGA-colon adenocarcinoma (COAD) and GEO-COAD cohorts, the
high-risk group was associated with a bleaker forecast (P<0.05), immune cell inactivation, and insensitivity
to immunotherapy in IMvigor210 database (http://research-pub.gene.com/IMvigor210CoreBiologies/).
Clinical samples were then used to confirm that ETS2 and CDKN2A4 could serve as independent prognostic
biomarkers in CRC.

Conclusions: Gene signatures related to cellular senescence, specifically involving CDKN2A and ETS2,

are emerging as promising biomarkers for predicting CRC prognosis and guiding immunotherapy.
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Introduction

Colon adenocarcinoma (COAD) is the third most prevalent
in males and the second most prevalent in females, and is
the prevailing subtype in colorectal cancer (CRC), and it
was estimated that there were approximately 1.9 million
new cases of COAD and 0.9 million COAD-related deaths
worldwide in 2020 (1-3). The treatment methods for CRC
include traditional surgery, chemotherapy, radiation therapy,
and immunotherapy; however, the five-year survival rate
of advanced COAD remains low due to postoperative
recurrence and metastasis (4). There is increasing evidence
that aggressive COAD may benefit from immunotherapy
and targeted therapy, but only 20% of patients benefit
from immunotherapy (5-7). Thus, the exploration of
potential cancer progression and prognostic biomarkers is
of great importance for COAD prognosis predictions and
immunotherapy evaluations.

Cellular senescence is a protective mechanism that
maintains homeostasis and is used to eliminate diseased,
dysfunctional, and unwanted cells (8). Cellular senescence
has long been considered a protective mechanism against
tumors. However, multiple experiments have shown that
aging cancer cells have different proliferative signals
and can avoid apoptosis, induce angiogenesis, stimulate
invasion and metastasis, and inhibit tumor immunity (9-12).

Highlight box

Key findings

® Analysis of The Cancer Genome Atlas (TCGA) and Gene
Expression Omnibus (GEO) databases led to the discovery of a
new biomarker CDKN2A for prognostic evaluation in colon cancer
patients, and the results were validated by immunohistochemistry
using clinical patients’ pathology samples. A survival prediction
model comprising five senescence genes for colon cancer patients
was then established. Finally, a new potential predictor for colon

cancer patients in immunotherapy responsiveness was discovered.

What is known, and what is new?

* CDKN2A is a highly expressed gene in intestinal cancer tumor
tissues, and ETS2 is a lowly expressed gene in intestinal cancer
tissues.

* Both CDKN2A4 and ETS2 can be used as survival prognostic

markers in bowel cancer patients.

What is the implication, and what should change now?
* We discovered a new survival prediction model and new potential
predictors for colon cancer immunotherapy.
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The accumulation of cellular damage leads to cellular
senescence and cancer. Numerous studies have shown that
senescent cells that are not cleared by the immune system
promote the senescence-associated secretory phenotype
and release cytokines, growth factors, and extracellular
matrix components, leading to the aging process and tumor
development (13-16). An increasing number of studies have
shown a significant correlation between the senescence-
related signature (SRS) and the prognosis of tumor patients
(17,18). However, there is no report relating the SRS to
CRC in terms of clinical relevance and prognosis.

CDKNZ2A serves as an important tumor suppressor
gene in various human malignancies, including CRC, and
its activation prevents carcinogenesis via the induction of
cell growth arrest and senescence (17). Aging is related
to replicative senescence, and CDKN2A expression levels
increase with aging in most mammalian tissues (19-22).
During the aging process, the regenerative ability of stem
cells in different tissues also decreases (23). In vitro studies
have found that increased CDKN2A expression leads
to reduced stem cell proliferation, thereby confirming
the relationship between CDKN2A expression and stem
cell regeneration (24-26). Currently, little research has
been conducted on ETS2 in tumors, and some studies
have indicated that ETS2 is prone to accumulate DNA
damage (27-29); however, in a study by Chen ez al. ETS2
was found to be a pro-oncogene in CRC (30). Therefore,
further research needs to be conducted to explore whether
CDKN2A and ETS2 have potential value in predicting
prognosis and immune therapy response.

In the present study, to systematically evaluate the
correlation between cellular senescence and prognosis in
CRC, we applied bioinformatics calculation methods to
establish a risk model based on cellular senescence-related
genes. We also explored this risk model as a potential
biomarker for colon cancer patient’s prognosis and
immunotherapy response and examined whether it could
provide a reference for personalized therapy. To further
validate our model, we also explored the clinical importance
of CDKN2A and ETS2 in CRC. In summary, our findings
pinpointed senescence-related hallmarks and showed their
ability to reliably forecast the prognosis of CRC patients.
Moreover, we found that CDKN2A and ETS2 have the
potential to serve as biomarkers for CRC. We present
this article in accordance with the TRIPOD reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-24-339/rc).
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Methods
Data collection and processing

In the present study, RNA-sequencing (RNA-seq) data
(n=437), masked mutation data (n=375), and clinical
characteristics COAD data (n=385) from The Cancer
Genome Atlas (TCGA) database were downloaded and
analyzed on April 12, 2022 (https://portal.gdc.cancer.
gov/analysis_). External cohort information validation
was performed on the RNA-seq data and clinical COAD
information (n=566) was extracted from the Gene
Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/gds). The data discussed in this publication
have been deposited in NCBI's GEO (31) and are accessible
through GEO Series accession number GSE40967 (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgiracc=GSE40967)
which has large sample size and comprehensive clinical
information. Mvigor210 clinical data (n=348) were
downloaded and used to verify whether the screened genes
could distinguish between high- and low-risk groups in the
immunotherapy clinical database.

Identification of cellular senescence-related differentially
expressed genes (DEGs)

TCGA and GEO expression data were normalized to
transcripts per million (TPM) values. A collection of genes
related to cellular aging was downloaded from CellAge:
The Database of Cell Senescence Genes (https://genomics.
senescence.info/cells) (32). Tumor mutational burden
(TMB) is the number of mutated bases per million bases
in each sample. By investigating the TMB sample, specific
details of the sample can be determined, such as gene name,
mutation location, mutation classification, mutation type,
and base change. All R packages [limma (33), glmnet (34),
survival (35), caret (36), survminer (37)] are downloaded
from https://www.r-project.org/ (38). TCGA and GEO
data were analyzed using the R “limma” package and the
expression levels of the overlapping genes were filtered and
retained. After data correction, the expression levels of the
senescence genes in these two databases were extracted.
According to the difference in TCGA cellular senescence
gene expression between the normal and tumor samples of
COAD, we screened out 44 DEGs (with a fold-difference
of 1 time the normal value; P<0.05).

© Journal of Gastrointestinal Oncology. All rights reserved.
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Establishment and validation of a prognostic model of
cellular senescence-related genes

The limma algorithm was used to identify the DEGs
between the senescence clusters. Next, a univariate Cox
regression analysis was used to calculate the prognostic
DEGs and genes with a hazard ratio (HR) <1 or >1 were
considered protective or risk genes, respectively (P<0.05).
The risk score was calculated as follows: risk score =
216Xi xYi (X: coefficients, Y: gene expression level). To
avoid overmatching, based on the risk score, the “glmnet”
and “survival” packages were used for the least absolute
shrinkage and selection operator (LASSO) regression
analysis to identify significant genes. TCGA and GEO data
were used as the experimental group and the verification
group, respectively. Next, patients with CRC were assigned
to high- and low-risk subgroups based on their risk score
relative to the median risk score. A Kaplan-Meier survival
analysis was conducted to evaluate the prognosis of the
low- and high-risk CRC patients. Receiver operating
characteristic (ROC) curves were used to confirm the
senescence-related prognostic model predictive stability.
To explore the potential mechanisms of low- and high-
risk CRC, Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analyses of the DEGs in
low- and high-risk CRC were performed using the limma
algorithm (P<0.05). A gene set enrichment analysis (GSEA)
was conducted to determine the pathway activity in the
different risk groups (P<0.05).

Analysis of immune infiltration

Correlation data between the senescence-related gene
expression and immune cell infiltration (e.g., B cells, cluster
of differentiation CD4" T cells, CD8" T cells, neutrophils,
macrophages, and dendritic cells) were obtained from the
“GENE” module in the TIMER database (http://timer.

cistrome.org).

Validation of the IMvigor210 data model

We verified the expression data and survival status of
the five significant genes screened by TCGA using the
IMvigor210 clinical data. Next, R language packages

” o«

“survival”, “caret”, “glmnet”, and “survminer”) were used
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to extract the expression data of the model genes. Each
patient’s risk score was then calculated using the formula of
the model. Subsequently, we compared the differences in
survival between the high- and low-risk groups, obtained
the expression data of the immune checkpoint-related
genes, examined the survival differences between the
groups, and created combined survival curves to verify the
accuracy of the risk prognosis genes.

Patients and tissue specimens

All the clinical samples were sourced from the Affiliated
Cancer Hospital and Institute of Guangzhou Medical
University. Inclusion criteria: age >18 years; all received
surgical treatment; all have postoperative pathology
specimen results; complete clinical information. Exclusion
criteria: lost patients; patients with multifocal tumors; non-
surgical patients. Formalin-fixed and paraffin-embedded
samples from 90 patients were collected from September
2014 to September 2021. All the patients who underwent
surgery were included in the study, while all the patients
who received chemotherapy, immunotherapy, and targeted
therapy were excluded from the study. All the participants
were informed of and agreed to participate in this research
study, which was approved by Ethics Committee of
Affiliated Cancer Hospital and Institute of Guangzhou
Medical University [No. GYZL-ZN-2023(041)]. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Immunobistochemical (IHC) analysis

Hematoxylin and eosin (H&E) staining or IHC tests were
performed to analyze the target protein. Specifically, after
dewaxing in xylene and hydration with alcohol gradients
(100% for 5 minutes, 95% for 5 minutes, 85% for
5 minutes, and 75% for 5 minutes), endogenous peroxidase
activity was blocked by incubation with 2% hydrogen
peroxide. Next, antigen recovery was performed by
microwave irradiation in 10 mM of citrate buffer at 95 °C
for 15 minutes. The slices were then incubated overnight
with primary antibodies (CDKN2A: 1:200, Abcam,
ab108349, Cambridge, UK; ETS2: 1:20, Affinity DF7129,
Ancaster, Canada) at 4 °C. The secondary antibody (LSAB
+ Kit, Dako, Shanghai, China) linked to streptavidin was
applied for 30 minutes, followed by streptavidin peroxidase
for 15 minutes.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Statistical analysis

SPSS (25th edition, IBM, Armonk, New York, USA) was
used for the statistical analysis. The Student’s 7-test and
the Chi-square test were used to estimate the differences
between the groups. A P value <0.05 was considered
statistically significant, and a P value <0.001 was considered
highly statistically significant.

Results
Identification of DEGs in CRC

First, we screened 44 DEGs (of which 33 were highly
expressed and 11 were lowly expressed) by analyzing the
profiles from TCGA-COAD data set that comprised
398 COAD samples and 39 normal samples (Figure 1A).
In the forest plot, the low-risk genes are represented by
green columns, while the high-risk genes are represented
by red columns represent (Figure 1B). To further narrow
down the scope of the target genes, the LASSO regression
algorithm was used to identify five senescence-related genes
(i.e., CDKN2A4, CXCLI1, ETS2, SERPINE2, and SNAII)
(Figure 1C-1E). In addition, we performed a gene-to-gene
correlation analysis of these five senescence-related genes
(Figure S1). Positive correlations are shown in red, while
negative correlations are shown in green (Figure 1F).

Development of a prognostic gene model in TCGA and
GEO coborts

To establish a predictive model, 379 TCGA samples and
562 GEO samples of COAD were obtained. We also
processed the risk stratification of the five genes in TCGA
and GEO data sets. CDKN2A, SERPINE2, and SNAII were
classified as high-risk genes with increased expression levels,
while CXCLI and ETS2 were classified as low-risk genes
with reduced expression levels (Figure 24 and Figure S2A).
As shown in Figure 2B,2C and Figure S2B,S2C, the scoring
heatmaps of the two databases were largely consistent,
indicating that the survival-related prognostic gene model
had been successfully established. Next, we analyzed the
predictive value of the risk genes in patients with COAD
obtained from TCGA and GEO data sets using Kaplan-
Meier plotter. In relation to the risk classification of COAD,
a strong association was found between the presence of
high-risk senescence genes and lower overall survival rates,
while the low-risk senescence genes were associated with
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Figure 1 Identification of the two senescence clusters. (A) Heatmap of TCGA-COAD 44 DEGs. The blue bars mean low expression gene

and the red bars means high expression genes; (B) the 21 prognostic genes of COAD; (C) a Venn diagram depicting the associations among
the prognostic DEGs and screened CRC prognosis-related COAD DEGs; (D) the LASSO analysis identified five CRC-COAD survival-
related prognostic DEGs in five different colors; (E) the LASSO regression demonstrated the most accurate COAD prognostic survival

model; (F) correlation network of CRC prognosis-related COAD DEGs. Red color represents a positive correlation, the deeper the color

the stronger the positive correlation; green color represents a negative correlation, the deeper the color the stronger the negative correlation.
CI, confidence interval; DEGs, differentially expressed genes; TCGA, The Cancer Genome Atlas; COAD, colon adenocarcinoma; CRC,

colorectal cancer; LASSO, least absolute shrinkage and selection operator.
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TCGA, The Cancer Genome Atlas; AUC, area under the curve; CRC, colorectal cancer; COAD, colon adenocarcinoma.

better OS (Figure 2D and Figure S2D). To further validate
the successful establishment of the prediction model, a
time-dependent ROC analysis was performed. As shown in
Figure 2E and Figure S2E, after processing the data from
TCGA, we concluded that the predictions of the model
for years 1, 3, and 5 were significant, while in relation
to the GEO data, the predictions for years 1 and 3 were

significant.

© Journal of Gastrointestinal Oncology. All rights reserved.

Diagnostic and prognostic value of senescence-related genes
in COAD

Next, we examined the correlations between the senescence-
related genes and the prognosis of patients with COAD and
tested whether the risk assessment of the screening genes
could serve as an independent prognostic factor. Thus,
multivariate and univariate Cox analyses were performed
to analyze the clinical information (age, sex, tumor stage,
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Figure 3 Validation of high- and low-risk signatures. (A) Univariate factor regression analysis; (B) multiple factor regression analysis; (C-E)

clinical stage survival analysis.

and clinical factors) of patients with COAD obtained from
TCGA. As shown in (Figure 3A), the risk score can be used
as an important independent factor for predicting survival in
the univariate analysis [HR =3.455, 95% confidence interval
(CI): 2.146-5.565]. Further, after adjusting for other factors,
a comprehensive analysis showed that the risk score was an
important independent factor in the multivariate analysis
(HR =2.588, 95% CI: 1.524-4.396) (Figure 3B). Besides, age
was also a negative prognostic factor in univariate analysis
(HR =1.032, 95% CI: 1.009-1.055) and in the multivariate
analysis (HR =1.040, 95% CI: 1.018-1.063) (Figure 34,3B).
Next, we analyzed high- and low-risk groups of 5 prognostic
gene model patients’ survival probability in stage I-1I, T
stage 3—4 and M stage 0. The results showed that the high-
risk group patients had a poorer survival compared to low-
risk group (Figure 3C-3E).

TMB and immune infiltration

To further investigate the relationship between the TMB
and senescence-related genes in COAD, we divided the

© Journal of Gastrointestinal Oncology. All rights reserved.

TCGA-TMB data set into high- and low-expression groups
merged to high- and low-risk groups of prognostic gene
model. Compared with the high TMB expression group,
the low TMB expression group showed better survival
(P=0.03) (Figure 44). Moreover, the prognosis of patients
was even worse when high TMB was accompanied by high-
risk genes, while the prognosis of patients was better when
low TMB is accompanied by low-risk genes (P=0.001)
(Figure 4B).

We then used IMvigor data survival of high- and low-
risk patients. Patients classified as high-risk had a poorer
prognosis compared to those in the low-risk group
(P=0.004) (Figure 4C); however, there was no statistically
significant difference in the treatment response [complete
response (CR)/partal response (PR) vs. stable disease (SD)/
progressive disease (PD)] between these groups (Figure 4D).
To further investigate the impact of immune-related
genes and senescence-related genes on patient prognosis,
we categorized the patients into four groups (high gene
expression + high risk, high gene expression + low risk,
low gene expression + high risk, and low gene expression +

7 Gastrointest Oncol 2024;15(3):1020-1034 | https://dx.doi.org/10.21037/jgo-24-339
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low risk). The final results showed statistically significant
differences in the comparisons between all four groups,
which suggests that these two factors have a synergistic
effect on patient prognosis (Figure S3).

A GSEA based on the senescence-related genes in CRC
and KEGG pathway enrichment analysis revealed that
the predominant pathways were melanogenesis, vascular
smooth muscle contraction, leukocyte transendothelial
migration, focal adhesion, and basal cell carcinoma
(Figure 5A). Moreover, we also analyzed the correlation
between immune checkpoint-related genes and risk
genes using public databases. The immune checkpoint
expression analysis identified the DEGs, including LAGS3,
PDCD1I, and PDCDI1LG2, in the high- and low-risk groups

© Journal of Gastrointestinal Oncology. All rights reserved.

(Figure 5B). Moreover, to further explore the connection
between immune cells and senescence-related genes in
the tumor microenvironment (TME), we performed a
detailed interpretation using timer immune infiltration
databases including CIBERSORT, CIBERSORT-ABS,
XCELL, EPIC, MCPCOUNTER, and QUANTISEQ.
A statistically significant difference between the high- and
low-risk groups was found for a variety of immune cells,
including macrophages (Figure 5C and Figure S4). The
KEGG biological process terms were mainly enriched in
the cellular senescence, bladder cancer, cell cycle, human
T-cell leukemia virus 1 infection, and the p53 signaling
pathway, while the GO biological process terms were
mainly enriched in the mitotic cell cycle phase transition,

7 Gastrointest Oncol 2024;15(3):1020-1034 | https://dx.doi.org/10.21037/jgo-24-339


https://cdn.amegroups.cn/static/public/JGO-24-339-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-24-339-Supplementary.pdf

1028 Hu et al. Novel signatures for COAD prognosis and immunotherapy

A B Risk EELow EEHigh

R L

04 M KEGG_ASCORBATE_AND_ALDARATE_METABOLISM . .

M KEGG_BASAL_CELL_CARCINOMA 6 M . .
KEGG_FATTY_ACID_METABOLISM
/‘\ I KEGG_FOCAL_ADHESION
0.0 I KEGG_LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION
B KEGG_MELANOGENESIS
1 KEGG_OXIDATIVE_PHOSPHORYLATION
Ml KEGG_PARKINSONS_DISEASE
I KEGG_PENTOSE_AND_GLUCURONATE_INTERCONVERSIONS 2
-0.4 I KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION

Enrichment score

Gene expression
o S
.
e
.
.
A
-
s
.
.
.
-
e
.
=
K

R
s (O e K
meblatt A (N SRS

High risk <€----------- » Low risk

C

D Cellular senescence - '_
~ " Gellcycle ‘
.~ Human T-cell leukemia virus 1 infection
Kaposi sarcoma-associated herpesvirus infection — [ ]
- . Bladder cancer -
CDKN2A Cushing syndrome |
Human cyton’\)Iegalowrus_|nfect|on -

“ P20.001 icroRNAS in cancer
0 . . . p53 signaling pathway
oen ' B - " P<0.01  AGE-RAGE signaling pathway in diabetic complications

CIBERSORT

* Breast cancer

P<0.05 Hepatocellular carcinoma -

. Vira| carcinogenesis -

] @ Correlation Proteoglycans in"cancer —
Human}ge}\plllomavnrus infection |

- . PI3K-Akt signaling pathway
0.2 . Pancreatic cancer

- Chronic myeloid leukemia —

Small cell lung cancer |

0.0 Gastric cancer -
Hepatitis C

- - Melanoma
- -0.2 Non-small cell lung cancer —
Glioma —

Endocrine resistance —
- - s . . . Oocyte meiosis —
Hippo slgnalln}g pathwa
epatitis

Polycomb repressive complex

Rheumatoid arthritis |
AP T T T T T
& 010 015 020 025 030
& KEGG Gene Ratio

ETS2

qvalue

SERPINE1

SNAIT + I

Risk score

0.015
0.010
0.005

H
H
i
H

S - « “ Mitotic cell cycle phase transition - .
Regulation of cell cycle phase transition [ )
Regulation of mitotic cell cycle [ ]
Regulation of mitotic cell cycle phase transition — .
Negative regulation of cell cycle — [ ]
Negative regulation of cell cycle process | [ ]
Liver development — )
Hepaticobiliary system development - )
Animal organ regeneration — ()
Liver regeneration ()

m

Risk [ Low risk [l High risk Risk [T Low risk [ High risk

P=0.007 P<0.001

da

Chromosomal region — [ ] Count
7 Chromosome, centromeric region —| [ ]
Condensed chromosome — [ ] @
6 - Heterochromatin o @
Condensed chromosome, centromeric region )
T T T T Pericentric heterochromatin
Low-risk High-risk Low-risk High-risk PcG protein complex
Nuclear ubiquitin ligase complex |
Cyclin-dependent protein kinase holoenzyme complex
Pronucleus - o

CTLA-4-neg + PD-1-neg
CTLA-4-pos + PD-1-neg

8 q value
0.004

0.003
0.002
0.001

F Risk [llLow risk [l High risk

DNA-binding transcription factor binding
DNA-binding transcription repressor activity, RNA polymerase Il-specific
DNA-binding transcription repressor activity —
Enzyme inhibitor activity
Cytokine activity
E-box binding
Cyclin-dependent protein serine/threonine kinase regulator activity
Histone kinase activity 4 @
Core promoter sequence-specific DNA binding - Y
Cyclin-dependent protein serine/threonine kinase inhibitor activity | e

0.5

L
[ ]
ETH]

0.0

TIDE
[
[ X )

0.5

T T T
-1.0

T ! 0.1 0.2 03
Low risk High risk GO Gene Ratio

Figure 5 Pathway enrichment analysis, immune escape analysis and immunotherapy analysis. (A) GSEA of the high- and low-risk groups;
(B) immune checkpoint enrichment analysis of the high- and low-risk cohorts; (C) immune cell correlation analysis of the COAD prognostic
survival genes; (D) KEGG enrichment analysis bar chart (upper) and GO enrichment analysis bar chart (lower); (E) immunotherapy analysis
of the high- and low-risk cohorts of CTLA-4-negative PD-1-negative patients and CTLA-4-positive PD-1 negative patients; (F) immune
TIDE analysis. *, P<0.05; **, P<0.01; ***, P<0.001. KEGG, Kyoto Encyclopedia of Genes and Genomes; NK, natural killer; AGE, advanced
glycation end product; RAGE, receptor for AGE; TIDE, tumor immune dysfunction and exclusion; BP, biological process; CC, cellular
component; ME, molecular function; GSEA, Gene Set Enrichment Analysis; COAD, colon adenocarcinoma; GO, Gene Ontology.

© Journal of Gastrointestinal Oncology. All rights reserved. 7 Gastrointest Oncol 2024;15(3):1020-1034 | https://dx.doi.org/10.21037/jgo-24-339



1029

Journal of Gastrointestinal Oncology, Vol 15, No 3 June 2024

| (08=u) JownL'WAN

F (26=u) Jown1'SON

- (Ge=u) [euLION"O3ON

- (Gyg=u) Jown| 030N

H (02 1=U) Jown| "WAHL

- (6G=U) [BWLON VOHL

- (L0G=U) Jown| "YOHL

- (0G =) Jown 1091

- (Ge=u) [eWLON"QVLS

- (GLp=u) Jown| avLS

- (89€=U) siselseloN'NOMS
- (E01=U) Jown| "INOMS

- (6G2=U) Jown| "OHVYS

- (0L=u) leuLON"QY3Y

- (991=u) Jown| avay

- (eg=u) [euLON"QvHd

- (L6%=u) Jown|‘Qvdd

- (e=U) lewION"DLOd

- (62 1=u) Jown|'BdOd

- (p=u) lewION"QVVd

- (8 1=u) Jown| Qvvd

- (€0e=u) JownL 'AO

- (£8=u) Jown"0S3AN

- (LG=u) [eWION"OSNT

- (L0g=u) Jown| oSN

- (6G=u) [eWION QYN

- (SLg=u) JownL Qv

- (0G=u) [BWLION"OHIT

- (L2€=U) JownL"OHIT

F (91G=u) Jown| 'HO

F (E£1=) Jown| TNV

- (ce=u) [PULIONIHIM

- (062=U) Jown] dyIy

- (¢2=u) [eWLON"OHIM

- (e€g=u) Jown| "OHIM

- (G2=U) [BWION'HOIM

- (99=u) JownL"HOIM

- (Lgy=u) JownL'~AdH-OSNH
- (26=u) JownL +AdH-OSNH
- (py=u) [BUWION"OSNH

- (02g=U) Jown|"OSNH

- (G=U) lewION'NED

- (eG1=u) Jown|"NgD

- (11=U) [BULONVOST

- (P81=u) Jown|'vOS3

I (8y=u) JownL'0g1a

- (L=U) [BULON' QYOO

- (LGp==u) Jown av0O

- (6=U) [leWIONTOHO

- (9€=u) JownLJOHO

- (e=u) lewIoN'0S30

- (0g=u) Jown|"0S30

- (Z1g=u) Jown| "gunT-yOodg
I (P9g=U) JownL ywn-vo4g
I (¢8=u) Jown| 'gioH-yOuHg
- (061=U) Jown| ‘|eseg-yo4g
- (¢L1=u) leLION'YOHE

- (£604=u) Jown|'vOoHg

- (61=u) [euLON'VO1g

- (80%=U) Jown| 'vO1g

[ (62=u) Jown 00V

<

(INdL °60)) [oAe] uoissaidxe YZNMAD

I (08=u) JownL"NAN
- (2G=u) JownL'sON
- (Ge=u) [ewoND3ON
- (Gpg=u) Jown1 030N
- (0g=u) Jownl WAHL
- (6G=U) [EWION"YOHL
- (Log=u) Jown]"YOHL
- (0GH=u) Jown1 1091
- (Ge=u) [eWION"QVLS
- (GLpy=u) Jownl VLS
- (89g=U) SISEISEION'NOMS
- (€01=u) Jownl NOMS
I (6S2=u) Jownl ' OHVS
- (01=u) [euoN"QY3H
- (99}=u) Jown|"Qv3y
- (2g=u) [ewoN"QvHd
- (£6p=u) Jown ' QvHd
- (g=u) lPUWION'DJOd
- (621=u) Jown1'BdOd
- (y=u) [BUION"QYYd
- (821=u) Jownl Qvvd
- (e0e=u) JownL'AO
- (28=u) JownL'OS3AN
- (LG=u) [ewoN"OSNT
- (Log=u) Jown1 OSN
(8G=u) JleULION QYN
(§1g=u) Jownr-avn
- (0G=U) [EWLON"DHIT
- (L2e=u) JownL"OHI
F (91g=u) Jown]'HO7
F (e£1=u) JownL AV
- (2e=u) [euLONdHIM
- (062=u) Jown1 dyIM
- (22=u) [ewJON"DHIM
- (e€g=u) Jown1 OHIM
- (G2=Uu) [eWON HOIM
- (99=u) JownL"'HOIN
- (Lgy=u) JownL'~AdH-OSNH
(26=u) Jown"+AdH-OSNH
- (by=U) [eWION"OSNH
- (0gg=u) Jown OSNH
- (G=u) leuLION NGO
- (€5 1=u) Jownl'NGD
- (L1=U) [ewoN"YOST
pg1L=U) Jown| 'vOS3
8p=u) Jown'0g1a
(Lp=u) [eULION' QYOO
- (LGp==u) Jown|"aQv0OD
6=U) [eWIONTOHO
9g=Uu) Jown| JOHO
- (e=u) lEULION'DS3D
- (r0g=u) Jown1'0S30
[ (Z1g=u) Jown| gunT-yOodg
- (F9g=u) Jown| ywnI-yOHg
- Mmmus Jown| 'gioH-vOHd
(i
(i

- (061=u) Jown| '|eseg-yO4g
- (21 1=U) [EULON VOHE

- (€601=U) Jownl'vOHE

- (61=U) [ewION"YO1d

- (80p=u) Jownl'vO1g

[ (62=U) Jown| DOV

(INdL %B0J) [ons] uoissaidxa zS13

ETS2

CDKN2A

r r
o o
5 5
S S
I ©
o o
IS €
3 =1
= =
£ £
7} [
a a
<<
[aY}
4
4
[a)
(&)
.
| 1 1 1 1
o 0 © < N o
=
21008 [BOIWLAYOO0ISIYoUNILW|
L]
X
i
L}
L 1 | 1 1
o 0 © < N o
=

21008 [BOILIBYD0ISIYOUNLLIW|

Peritumoral

Tumor

Peritumoral

Tumor

7 Gastrointest Oncol 2024;15(3):1020-1034 | https://dx.doi.org/10.21037/jgo-24-339

© Journal of Gastrointestinal Oncology. All rights reserved.



1030
D CDKN2A
100 —— CDKN2A negative
o —— CDKN2A positive
= 80 - P
©
=
s
S5 60
(2]
T I S
Z 40
£
@
S 20
2 P=0.03
0 T T

T T 1
0 20 40 60 80 100
OS, months

Hu et al. Novel signatures for COAD prognosis and immunotherapy

ETS2
100 — = ETS2 negative
—— ETS2 positive
= 80
©
2
<
S 60
2]
k]
Z 40
z
©
'8 20 4
& P=0.03
0 T T T T 1
0 20 40 60 80 100

OS, months

Figure 6 Validation of clinical samples. (A) CDKN2A and ETS2 expression level across cancers. The red dots represent tumor tissue,

the blue dots represent the normal tissue, and the purple dots represent the metastatic tumor tissue; (B) CDKN2A and ETS2 expression

difference analysis of tumor tissue and peritumoral tissue; (C) photographs of CDKN2A and ETS2 immunohistochemical sections under
40x light microscope; (D) survival analysis of CDKIN2A and ETS2 in CRC patients. *, P<0.05; **, P<0.01; ***, P<0.001. TPM, transcripts

per million; OS, overall survival; CRC, colorectal cancer.

the regulation of the mitotic cell cycle phase transition, the
regulation of the cell cycle phase transition, the regulation
of the mitotic cell cycle, and the negative regulation of cell
cycle (Figure 5D).

The immunotherapy correlation analysis suggested that
patients in the high-risk group had worse immunotherapy
outcomes than patients in the low-risk group when they were
CTLA-4-positive PD-1-negative and CTLA-4-negative PD-
1-negative (Figure SE). An immunization escape correlation
analysis was performed in the high- and low-risk groups, and
the outcomes revealed that the likelihood of immunization
escape was higher in the high-risk group than in the low-risk
group, which suggests that the outcome of immunotherapy
may be less successful for patients in the high-risk group than
in the low-risk group (Figure 5F).

Clinical sample results

To further validate the above results in the clinical samples,
we obtained clinical information, including sex, age, stage,
time, treatment method, time of death, height, weight,
pathological results, biochemical indicators, and tumor
markers, from a total of 90 patients (Table S1). Consistent
with the results from public databases (Figure 64), we
examined the expression of ETS2 and CDKN2A in cancer
and paracancerous tissues by IHC and found that CDKN2A4
was significantly more highly expressed in tumor tissues than
paracancerous tissues, while E7S2 was more lowly expressed
in tumor tissues (P valve <0.001) (Figure 6B,6C). Further,
we analyzed the correlation between the clinical parameters

[stage, age, lesion site, CA19-9, platelet, CA72-4, ETS2,

© Journal of Gastrointestinal Oncology. All rights reserved.

and CDKN2A] of the clinical samples we collected and
the prognosis of patients through Kaplan-Meier survival
estimates (Table S1). All the parameters mentioned above
were strongly associated with patient prognosis (Figure S5).
ETS2 was associated with a good prognosis for patients,
while CDKN2A was associated with a poor prognosis
(Figure 6D). Next, we conducted a survival analysis for all
patients, and the 5-year OS rate was 60.8%=5.4%. The
S-year survival rates of high and low CDKN2A expression
in cancer tissue were 45.4%+9.6% and 66.4%+6.4%,
respectively (P=0.03), while the 5-year survival rates of
high and low ETS2 expression in the adjacent cancer
tissues were 72.0%+8.5% and 55.2%=+6.8%, respectively
(P=0.03) (Figure 6D). Moreover, stage, age, location, and
biomarkers were closely related to the prognosis of patients
(Table S2). Variables with a significance level of P<0.1 in
univariate survival analysis were included in the multivariate
analysis. The multivariate analysis showed that stage (HR
-3.183, P=0.003), age (HR =3.636, P<0.001), CDKN24
(HR =2.070, P=0.02), CA19-9 (HR =3.237, P=0.002), and
lactate dehydrogenase (LDH) (HR =2.556, P=0.06) were all
independent adverse prognostic factors for OS (Table S2).

Discussion

A thorough bioinformatics analysis of senescence-related
genes was conducted in this study, utilizing multiple
public databases. Our results demonstrated that CRC-
screened senescence-related genes were closely related to
the prognosis and immunotherapy efficacy of COAD. Our
key finding was that CDKN2A and ETS2 could serve as
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high- and low-risk senescence-related genes, respectively,
to precisely predict the prognosis of COAD patients.
Based on the abnormal expression levels of CDKN2A4 and
ETS2 in COAD, Kaplan-Meier and IHC analyses were
conducted, and the results showed that CDKN2A and ETS2
exhibited strong associations to various immune checkpoint
genes, and their expression levels may indirectly signify
the abundance of these two types of immune infiltration
in the TME. Thus, CDKN2A and ETS?2 appear to play a
subtle role in tumor initiation or development based on
differential expression profiles and, to some extent, may
affect the effectiveness of immunotherapy.

With the widespread use of genetic testing in clinical
work, an increasing number of biomarkers capable of
predicting patient prognosis are being identified. However,
there is still a lack of representative molecular markers that
can be used to predict the prognosis of CRC patients and
whether they can benefit from immunotherapy. Our results
showed that five senescence-related genes’ signatures (i.e.,
CDKN2A, CXCLI1, ETS2, SERPINE2, and SNAII) were
strongly associated with the prognosis of CRC patients. Of
these, £7S2 and CXCLI were considered protective genes,
while CDKN2A, SERPINEI and SNAII predicted a poor
prognosis for CRC patients.

ETS?2 plays an important role in tumors and aging and
can lead to telomere lengthening and lifespan extension
through the reconstitution of telomerase activity (39).
Several studies indicate that ETS2 is a highly expressed
oncogene and associated with the development of CRC and
other cancers (30,40), however our study revealed that the
high level of ETS2 in IHC was linked to a more favorable
clinical outcome in CRC patients, this might be connected
to differences patient treatment, therefore more larger
sample sizes data or multi-center clinical data validations
might be needed. We analyzed TCGA and GEO data,
and our findings suggested that CXCLI is a low-risk gene
that protects against colon cancer. Conversely, Liu et al.
concluded that CXCLI promotes the development of
ulcerative colitis-associated cancers (41). CDKN2A has been
recognized to be a very important oncogene in tumors.
Research has shown that it is involved in the process of
cell senescence; however, the physiologic role of CDKN2A4
remains unclear (42). Dong er a/. found that high level of
CDKN2A is associated with poor prognosis in CRC and
may guide PD-1-mediated immunotherapy (43) which is in
line with our results of CDKN2A. We also found CDKN24
involved senescence-related model have a good prediction
in survival prognosis and immunotherapy efficacy for CRC

© Journal of Gastrointestinal Oncology. All rights reserved.
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patients and we further validated the above findings with the
clinical information from Guangzhou Medical University
Affiliated Cancer Hospital. SERPINE? plays a role in
regulating radiosensitivity and the DNA damage response
(DDR) in lung cancer. It directly interacts with MRE11
homolog and ATM to facilitate their phosphorylation
in homologous recombination-mediated DNA double-
strand break (DSB) repair and predicts a limited response
to radiotherapy in non-small cell lung cancer patients.
This is consistent with our results that showed that the
high expression of SERPINE? indicates a worse prognosis
in colon cancer patients (44). SNAII, like the two genes
mentioned above, is classified as a high-risk gene and is
negatively correlated with the prognosis of colon cancer.
Like previous reports on the role of SNAII in tumors
(45,46), we found that SNAII plays a cancer-promoting role
in breast cancer.

Overall, the comparison of our findings with previous
studies provides further evidence that high- and low-risk
signatures may be used to predict the prognosis of patients
with colon cancer. However, many clinical samples are still
needed to verify the feasibility of this idea, as well as many
in vitro and in vivo experiments to confirm the specific
molecular mechanisms of the aforementioned genes.

The field of cancer treatment has been transformed by
the effective use of cellular immunotherapy and vaccines (47).
Among these approaches, the application of immunotherapy
in colon cancer has benefited an increasing number of colon
cancer patients, but this benefit is limited to less than 20%
of patients with microsatellite instability-high (MSI-H)
status (48). Therefore, it is particularly important to find a
biomarker that can more accurately guide the application
of immunotherapy for CRC. Up to now, immune-related
gene expression has been identified as a prognostic indicator
for immunotherapy effectiveness across different cancer
types (49). Herein, we verified the association between
senescence-related genes (CDKN2A4, CXCL1, ETS2,
SERPINE?2 and SNAII) and immune checkpoint genes,
including PD-1, PD-L1 and LAG-3, in the TIMER
database. According to our data, the high-risk group
exhibited the most significant positive association with these
immune checkpoint genes in colon cancer; moreover, we also
analyzed the correlations between the five SRSs and multiple
immune cells in colon cancer based on TCGA and TIMER
databases. Our results showed that the above-mentioned
five genes are mainly associated with macrophages, myeloid
dendritic cells, natural killer cells, and neutrophils. The high-
risk group showed a positive correlation with macrophages,
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while the low-risk group showed a negative correlation with
macrophages. These findings may explain the difference in
prognosis between these patients. Patients with MSI-H are
more likely to benefit from immunotherapy, but the number
of such cases in this study was low and therefore could not
perform a prognostic analysis. Taken together, our findings
suggest that the five screened senescence-related genes
show a strong connection to immune-related functions and
pathways in CRC.

Notably, we further investigated the expression of
CDKN2A and ETS2 in CRC and their correlation with
DNA mismatch repair (MMR) by IHC experiments.
The Kaplan-Meier plot and logarithmic rank test results
indicated that high CDKN2A expression was associated
with a worse prognosis of CRC patients, while high ETS2
expression was positively associated with the prognosis of
patients with CRC. To date, few studies have examined
ETS?2 in tumors, and only a few studies have shown that
ETS?2 is associated with DNA damage (29,50,51). This may
be why ETS2 improves the prognosis of tumor patients (27).
CDKN2A, also known as P16, is currently a very common
factor in tumor research, and consistent with our findings,
it has been confirmed to be a poor prognostic factor in
patients with CRC due to its hypermethylation (52).

Overall, we performed a comprehensive analysis of
cellular senescence-associated genes using a bioinformatics
approach, revealing their important role in colon cancer
prognosis and immune infiltration. However, the present
study still had some limitations. First, some of our results
were limited to single methods or databases, and a cross-
validation of the data from multiple sources is lacking.
Further, based on our analysis of data from public databases,
we concluded CDKN2A and ETS2 are associated with
prognosis and immune response in CRC; however, it
is not yet known whether they influence prognosis by
modulating immune processes. In the upcoming times, we
might enhance the clinical case compilation of CDKN2A4
or ETS2 in various clinical facilities or larger-scale clinical
data to substantiate its prognostic value in CRC patients
or its significance in immunotherapy, and delve into the
mechanism through cellular or animal trials.

Conclusions

Senescence-associated gene signatures, specifically
CDKN2A and ETS2, could serve as biomarkers for
predicting CRC prognosis and could be useful tools for
guiding immunotherapy.

© Journal of Gastrointestinal Oncology. All rights reserved.
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