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Abstract

Background: The occurrence and progression of lung cancer are correlated with telomeres and telomerase. Telomere length is reduced
in the majority of tumors, including lung cancers. Telomere length variations have been associated with lung cancer risk and may serve
as therapeutic targets as well as predictive biomarkers for lung cancer. Nevertheless, the effects of telomere-associated genes on lung
cancer prognosis have not been thoroughly studied. We aim to investigate the relationship between telomere-associated genes and lung
cancer prognosis. Methods: The Cancer Genome Atlas and Genotype-Tissue Expression databases were used as training sets to build
a predictive model. Three integrated Gene Expression Omnibus datasets served as validation sets. Using cluster consistency analysis
and regression with the least absolute shrinkage and selection operator, we developed a telomere-related gene risk signature (TMGsig)
based on 11 overall survival-related genes (RBBP8, PLK1, DSG2, HOXA7, ANAPC4, CSNK1E, SYAP1, ALDOA, PHF1, MUTYH, and
PGS1). Results: The results indicated a negative outcome for the high-risk score group. Immunological microenvironment and somatic
mutations differed between the high- and low-risk groups. A statistically significant difference existed between the low-risk and high-risk
groups in terms of the expression levels of B cells and CD4 cells, and the risk score was essentially inversely linked with immune cell
expression. Conclusions: TMGsig can predict outcomes in patients with lung adenocarcinoma.
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1. Introduction

Lung cancer is the most lethal malignant tumor, claim-
ing over a million lives annually worldwide [1]. Different
pathological subtypes of lung cancer carry different prog-
noses and clinicopathological features. Lung cancer has a
5-year survival rate of only approximately 18%, and sur-
vival rates for different stages of lung cancer vary greatly
[2]. Due to the high heterogeneity of lung cancer, and de-
spite the availability of numerous treatment methods, the
effectiveness of most clinical medications for treating the
condition remains relatively low. Chemotherapy, radio-
therapy, targeted therapy, and even immunotherapy may be
effective, but many tumors eventually develop drug resis-
tance, which complicates the clinical treatment of lung can-
cer. Its poor survival rate and complex treatment indicate a
key conclusion: the recovery and survival rates of patients
can only be successfully increased by early identification,
early diagnosis, and early treatment. In this sense, multi-
gene models are generally better at predicting tumors [3].
As a result, it is possible to more precisely pinpoint patient
subgroups with poor survivals, to deliver more precise ad-
juvant therapy and follow-up. Decision-making and indi-
vidualized care are also aided by this. During cell division,
the DNA near the ends of chromosomes is gradually eroded

due to the incapacity of chromosomal DNA replication pro-
cesses to effectively copy this DNA. A reverse transcriptase
called telomerase adds telomere sequences to the ends of
chromosomes, making up for the DNA loss that happens
in the region during cell division. The telomere lengths of
somatic cells gradually decrease during their life cycles be-
cause most normal tissues lack telomerase activity. How-
ever, telomerase is reactivated in 85–90% of human tumors
[4]. In 2009, for discovering the processes by which telom-
eres and telomerase protect chromosomes, three scientists
received the Nobel Prize in Physiology or Medicine. Since
then, research on telomeres and telomerase in cancer has
gradually gained interest, particularly the blocking of the
telomere elongation mechanism, and telomerase inhibitors
as a potential new therapeutic target for anti-tumor therapy
[5].

Telomere shortening may be a risk factor or predictor
of susceptibility to lung cancer, according to some research
[6]. However, one prospective observational study of heavy
smokers indicated that lung cancer risk was higher in peo-
ple with longer telomeres [7]. Similar conclusions were
reached in a follow-up study of 26,540 Chinese Singapore-
ans [8]: a Cox regression model was used, and the results
revealed that individuals in the top 20% concerning telom-
ere length had an increased risk of lung adenocarcinoma
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Table 1. Including cohorts in our study.
Cohort names RNA Type Cancer type Number of patients Cohort Type

TCGA-LUAD RNA-seq LUAD 575 Training
GSE70249 Microarray LUAD 398 Validation
GSE31210 Microarray LUAD 226 Validation
GSE11969 Microarray LUAD 149 Validation
TCGA, The Cancer Genome Atlas; LUAD, lung adenocarcinoma.

(LUAD) compared with those in the bottom 20% (hazard
ratio [HR] = 2.84; 95% confidence interval [CI]: 1.94–
4.14; p < 0.0001). The likelihood of acquiring LUAD or
other disease types, however, did not correlate with telom-
ere length [8]. It has been suggested that studies on telom-
ere length and lung cancer risk, especially concerning the
underlying mechanism, require further development. Re-
garding telomere length and the prognosis of lung cancer
patients, studies have shown that telomere lengths in pe-
ripheral white blood cells and chances of mortality are cor-
related in patients with cancer [9–11]. Although the results
of different studies on thematter have not been entirely con-
sistent, the link between telomeres and lung cancer merits
further investigation.

Given the link between telomeres and lung cancer, we
created a predictive model for LUAD based on telomere-
associated genes. We also discussed the relationship be-
tween this model and the immune micro-landscape. Hope-
fully, this strategy may support physicians in making cru-
cial treatment-related decisions in the future.

2. Materials and Methods
2.1 Acquisition of Data

The Sangerbox online platform (http://vip.sangerbox.
com/) was used to access the Genotype-Tissue Expression
(GTEx) database and The Cancer Genome Atlas (TCGA)
database to view clinical and gene expression data for
patients with LUAD [12]. The datasets for GSE31210,
GSE11969, and GSE72049 were retrieved from the Gene
Expression Omnibus (GEO) database (http://www.ncbi.n
lm.nih.gov/geo/). Table 1 provides an overview of the clin-
ical characteristics of the four groups. Furthermore, the
TelNet database (http://www.cancertelsys.org/telnet/) was
used to acquire telomere-associated genes [13].

2.2 Functional Enrichment Analysis and Differentially
Expressed Gene Screening

The TCGA dataset provided RNAseq results and as-
sociated clinical data for 516 LUAD tumors. The Limma
package for R (version 3.40.2, R Foundation for Statistical
Computing, Vienna, Austria) was used to investigate dif-
ferential mRNA expression. Adjusted p-values were ex-
amined in TCGA or GTEx to correct false positive results,
and “Adjusted p < 0.05 with |log2FC| >1” was used as a
cutoff for Differentially Expressed Genes (DEGs).

The data was analyzed through functional enrichment
analysis. To better understand the oncogenic activities of
target genes, the ClusterProfiler package (version: 3.18.0)
for R was used to analyze the Gene Ontology (GO) func-
tions of potential targets and enrichments identified via the
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way.

2.3 Cluster Consistency Analysis Based on DEGs
The intersection between DEGs and telomere-related

genes yielded Tolmere related DEGs (TM-DEGs). To in-
vestigate the relationships between the expression levels
of TM-DEGs and LUAD subtypes, ConsensusClusterPlus
was used to perform cluster analysis [14] on all 514 LUAD
patients in the TCGA dataset. After 10 iterations of ag-
glomerative pam clustering with a 1-Pearson correlation
distance, 80% of the data were resampled. The ideal num-
ber of clusters was established using the empirical cumula-
tive distribution function plot. As a result, prognostic anal-
ysis was performed on the two identified groups.

2.4 The Creation and Verification of the Telomere-Related
Genes Signature (TMGsig)

A telomere-related gene signature (TMGsig) was es-
tablished using the least absolute shrinkage and selection
operator (LASSO)-Cox regression analysis. The maxstat
package for R was used to determine the optimal thresh-
old of risk score, to divide each cohort into high-risk and
low-risk groups. The survival analysis tool of the R soft-
ware package was used to determine the prognostic differ-
ence between the two groups. The log-rank test was used
to assess the substantial prognostic variances between the
groups. A receiver operating characteristic (ROC) curve
was used to evaluate the predictive ability of the signa-
ture. Finally, using risk scores based on the TCGA cohort,
a nomogram was developed to forecast 1-, 3-, and 5-year
survival.

2.5 Functional Enrichment Analysis of 11
Telomere-Related Prognostic Genes

We used the KEGG and GO enrichment methods to
analyze 11 identified telomere-related prognostic genes.

Minimum and maximum gene sets were 5 and 5000,
respectively, and statistical significance was defined as p<
0.05 and False Discovery Rate (FDR) <0.1.
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Fig. 1. Screening of Differentially Expressed Genes (DEGs). (A) Using fold change and adjusted p-values to construct a volcano map.
(B) Heat map of differential gene expression.

2.7 Immune Correlation Analysis
The TCGA-LUAD cohort was used for Spearman cor-

relation analysis between model score and immune score
using the Tumor Immune Estimation Resource (TIMER)
and quanTIseq algorithms, respectively, and with p < 0.05
considered statistically significant. All analyses were con-
ducted in R v4.0.3.

2.7 Two Categories of Somatic Mutations and Tumor
Microenvironment (TME) Cell Infiltration

The TCGA genomic data commons (GDC) data por-
tal contained somatic mutation information in the Mutation
Annotation Format (MAF) format, for LUAD samples. For
waterfall mapping, the “Maftools” package in R software
was used, which made it easier to visualize and summarize
mutant genes and create a waterfall map of somatic muta-
tions for high- and low-risk subgroups.

Using the TIMER and quanTIseq methods, we com-
pared the immune microenvironment infiltration of the two
risk subgroups. The findings were displayed as a landscape
map.

3. Results
3.1 Identification and Functional Enrichment Analysis of
DEGs

The differential gene analysis of cancer and standard
tissue samples from the TCGA-LUAD cohort, compared
with normal tissue samples from GTEx database revealed
a total of 4269 DEGs, 1475 of which showed upregulation
and 2794 of which showed downregulation (Fig. 1).

GO analysis revealed that the majority of up-regulated
genes were primarily involved in organelle fission, nuclear
division, and nuclear chromosome segregation. The ma-
jority of the down-regulated genes were involved in sec-
ond messenger-mediated signaling, regulation of vascula-
ture development, and neutrophil degranulation neutrophil
activation during the immune response.

According to our KEGG analysis, up-regulated genes
are mainly enriched within the functional regions of the
p53 signaling pathway, tight junction, and cell cycle. How-
ever, the active regions of the PI3KAkt signaling pathway,
the Ras/Rap1 signaling pathway, and the MAPK signaling
pathway were enriched with down-regulated genes (Fig. 2).

3.2 TM-DEGs Acquisition and Co-Cluster Identification
A total of 2089 telomere-related genes were obtained

from the previous website. The intersection of DEGs and
telomere-related genes was then used to identify TM-DEGs
(488 genes, among which 186 were up-regulated and 302
were down-regulated). Three NA expression values were
eliminated, leaving 485 remaining genes. After dividing the
patients into C1 and C2 groups, a separate survival analysis
was conducted on each group. With a pvalue of 2.4× 10−3,
the Kaplan-Meie (KM) curve demonstrated a statistically
significant difference in overall survival (OS) between the
two groups (Fig. 3A,B).

3.3 A Prognostic Signature Based on 11 TM-DEGs
Data on expression levels of TM-DEGs, survival time,

and survival state were combined using the R software tool
glmnet. The Lasso-Cox approach was used to create a prog-
nostic signature (Fig. 4A–E).
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Fig. 2. Functional enrichment analysis of DEGs.

Fig. 3. Tumor classification based on TM-DEGs. (A) 514 LUAD patients were divided into two groups according to the uniform
cluster matrix (k = 2). (B) Kaplan - Meier OS curves for the two clusters. LUAD, lung adenocarcinoma; OS, overall survival.

We set the Lambda value to 0.0617426400041608,
and obtained the following model formula for the construc-
tion based on the 11 identified genes:

riskscore = 0.1547×HOXA7sss – 0.0301×MUTYH
– 0.1130×ANAPC4 – 0.0644× PGS1 – 0.0260× PHF1 +
0.1397 × PLK1 + 0.0364 × SYAP1 + 0.0532 × CSNK1E
– 0.0004× RBBP8 + 0.0692×DSG2 + 0.0236×ALDOA
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Fig. 4. Telomerase-related genes associated with tumor survival in LUAD patients were identified from the TCGA cohort. (A)
and (B) 11 TM genes associated with OS were identified by LASSO regression and cross-validation. (C) Distribution of telomerase-
associated gene risk score (TMGsig), survival status, and 11 prognostic TMG expression levels in LUAD patients in the TCGA cohort.
(D) The heat map showed the expression of 11 TM genes in tumor and normal tissues. (E) Coefficients of the 11 screened telomerase-
related genes (TMGs) in the Lasso Cox regression model. LASSO, least absolute shrinkage and selection operator; TCGA, The Cancer
Genome Atlas.

Additionally, the Cox method was used to examine
the prognostic significance of TM-DEGs in 469 samples,
These findings suggest that the risk score and Tumor-Node-
Metastasis (TNM) stage were independent prognostic fac-
tors (Fig. 5).

Based on this, the patients were divided into high- and
low-risk groups, and we discovered a statistically signifi-
cant difference in prognosis (p = 1.1 × 10−13), indicating
that individuals in the high-risk group had worse prognoses
(Fig. 6A). After dividing the samples into two groups based
on the risk score, we analyzed the cluster recognition results
of patients in the high-risk group and discovered that the C1
cluster was the most prevalent. By contrast, the C2 cluster
was more prevalent in the low-risk group (Fig. 6B).

ROC analyses were conducted at time points 365,
1095, and 1825, yielding area under the curve (AUC) val-
ues of 0.71, 0.70, and 0.70, respectively (Fig. 7).

By combining survival time data, survival status, age,
TNM stage, and risk score, we created a nomogram with
Cox methods and the R software package rms to assess the
predictive value of these variables in 446 samples. The
overall C-index of the model was 0.7097, 95% CI (0.6647–
0.7548), p = 7.0453 × 10−20 (Fig. 8A,B).

Eleven TMGs were found to be mainly enriched in the
nucleoplasm, cellular response to DNA damage, catalytic
activity, and acting on DNA functional regions, as deter-
mined by GO analysis. KEGG analysis revealed that they

were primarily enriched in progesterone-mediated oocyte
maturation, cell cycle, and oocyte meiosis (Fig. 9A,B).

3.4 Validation of the Prognostic Models Using Three
External Cohorts from the GEO Database

For external validation, we used three cohorts from the
GEO database to further validate the predictive value of the
prediction signature. In the GSE31210 cohort of 226 pa-
tients with stage I-II LUAD, individuals at high risk had
significantly shorter OS (p = 2.0 × 10−3) based on the
KM curve. At 1, 3, and 5 years, the AUC values of the
prediction model were 0.73, 0.59, and 0.69, respectively.
The KM curves of GSE11969 (n = 149) and GSE72094
(n = 398) yielded identical results, (p = 1.8 × 10−3) and
(p = 1.0 × 10−7), respectively. Meanwhile, the AUC val-
ues at 1, 3, and 5 years were 0.69, 0.57, and 0.56, respec-
tively, for the GSE11969 cohort and 0.65, 0.63, and 0.62, re-
spectively, for the GSE72094 cohort (Fig. 10A–C).

3.5 Somatic Mutations in Two Subgroups
We discovered that the cancer subtypes had distinct

somatic mutant spectra. Although the most prevalent muta-
tion types were consistent between the two groups, the rel-
ative frequencies differed between the different subtypes.
The most common mutations in the high-risk group were
TP53, TTN, CSMD3, RYR2, and MUC16, accounting for
62.5%, 62.6%, 50.4%, 48.7%, and 47.8% of the total num-
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Fig. 5. In the TCGA-LUAD cohort, multivariate Cox results.

Fig. 6. KMcurves of the two subgroups and the proportion of subtypes identified by clustering in the two groups. (A) In the TCGA-
LUAD cohort, the KM curves of patients with high TMGsig risk scores and patients with low TMGsig showed apparent differences, and
patients with high-risk score had a poorer prognosis. p-value = 1.1 × 10−13. (B) The proportion of patients with C1 and C2 clusters in
the different risk score subgroups.

ber of mutations, respectively. In the low-risk group,
the most common mutations were TP53, TTN, MUC16,
CSMD3, and RYR2, accounting for 47.3%, 45.3%, 39.3%,
35.9%, and 35.2% of the total number of mutations, respec-
tively (Fig. 11A,B).

3.6 Relationship Between TMGsig and TME

We then investigated the connection between TMGsig
and the tumor microenvironment (TME). The TIMER al-
gorithm revealed a negative correlation between activated
CD8 cells, active CD4 cells, B cells, and myeloid dendritic
cells in patients with high-risk scores. The quanTIseq al-
gorithm revealed that high-risk scores were associated with
B cells, NK cells, macrophages, activated CD8 cells, and
Treg, but not with active CD4 cells (Fig. 12A,B).

TME cell invasion is crucial to both carcinogenesis
and treatment response. We looked at the frequency of
several immune cell types in the high- and low-risk sub-
groups of the TCGA dataset to evaluate whether telomere-
associated genes played major roles in the development of
TMEs. Using TIMER and quanTIseq analysis of immune

cell types, we found that there were significant distinctions
between the two groups in terms of the characteristics of
TME cell invasion. For example, we discovered statisti-
cally significant differences between B cells and CD4 cells,
indicating higher expression levels in the low-risk group
(Fig. 13A–F).

4. Discussion
According to cancer statistics from 2021, lung cancer

is the leading cause of cancer-related mortality in both men
and women, accounting for over a quarter of all cancer-
related deaths [15]. Low lung cancer survival rates are
a result of a high percentage of patients (57%) having
metastatic diseases by the time they are diagnosed.

When it comes to the development and prognosis of
lung cancer, telomeres play a significant role. Using a pub-
licly available database, we developed and validated a pre-
dictive signature, and then matched it to tumor immune mi-
croenvironments and somatic mutations. The genes in the
signature serve a variety of functions in disease states. The
Homeobox (HOX ) gene family is closely associated with
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Fig. 7. Time-dependent receiver operator characteristic
curves of TMGsig in the TCGA training cohort.

various cellular processes related to homeostasis, as well as
tissue repair [16,17]. Several studies have shown that aber-
rant expression of the HOX gene is associated with the de-
velopment of non-small cell lung cancer (NSCLC), as well
as abnormal histological variants of adenocarcinoma and
squamous cell carcinoma [18]. In one study on liver can-
cer, theHOXA7 gene, which is part of the A cluster of chro-
mosome 7, significantly enhanced proliferation, migration,
and invasion in vitro, as well as tumor growth and metas-
tasis [19]. This study found that the gene contributed the
most as a risk factor to risk score, indicating that a worse
prognosis was linked to its increased expression. Polo-like
kinase 1 (PLK1) is the best-studied of the four Polo-like
kinase subtypes that are essential for mitosis. PLK1 ex-
pression is increased in various tumor cell lines, and is fre-
quently associated with a poor prognosis [20]. An increase
in PLK1 activity leads to polyploid production, which is
related to the growth of tumors. As a member of the clas-
sical cadherin family, Desmoglein 2 (DSG2) helps regu-
late intercellular connectivity and promotes the assembly
of desmosomes [21]. Desmosomes are connected to cell
adhesion junctions, which are crucial for the growth and in-
vasion of cancer cells during tumor formation [22]. Studies
have shown that the knockout of the DSG2 gene can inhibit
the proliferation of NSCLC [23]. Casein kinase 1 epsilo
(CSNK1E) is a circadian gene that encodes DNA replication
and repair-related members of the serine/threonine protein
kinases and casein kinase I protein families. However, in
normal cells, its primary function is to phosphorylate mem-
bers of the Period family of circadian proteins, thereby reg-
ulating the average rhythm of cell growth and development.
IC261, which has been reported to be a CSNK1E inhibitor
in both in vitro and in vivo studies, also inhibits micro-
tubule polymerization [24], which may lead to increased

cancer cell death [25]. One study suggested that the syn-
ergistic lethality between Tumor protein p53 (TP53) and
CSNK1E is essential for the destruction of cancer cells [26].
Both activated WNT signaling [27] and TP53 inactivation
[28] are often associated with the development of cancer-
ous tumors. Because TP53 is mutated in 50% of all can-
cers, CSNK1E may be a promising drug target for patients
with TP53 mutations. Currently, the majority of Synapse
associated protein 1 (SYAP1) research focuses on nervous
system diseases. There is evidence that the DNA methy-
lation and expression profiles of this gene differ between
male and female glioma patients [29]. As a member of the
aldolase family, ALDOA is highly expressed in various tis-
sues such as gastric cancer [30], NSCLC [31], breast cancer
[32], and oral squamous cell carcinoma [33]. As an inde-
pendent prognostic factor, it is indicative of a poor progno-
sis [34,35]. In lung cancer, Aldolase, fructose-bisphosphate
A (ALDOA) promotes tumor proliferation and is closely re-
lated to HIF-1α, which can activate the HIF-1α/MMP9 sig-
nal axis by blocking prolyl hydroxylase activity and pro-
moting the invasion and metastasis of NSCLC [36]. It can
encourage proliferation andG/S transition in NSCLC by ac-
tivating the EGFR/MAPK signaling pathway [37]. Chang
et al. [38] constructed an ALDOA mutant with an inhib-
ited enzymatic activity. They found that ALDOA could still
promote the transcription of Oct4 by inhibiting the expres-
sion of miR-145, thus inducing dry lung cancer cells and
leading to chemoresistant tumors. These results indicate
that ALDOA affects tumor metabolism through both en-
zymatic and non-enzymatic processes. Studies have found
that sirt6 promotes DNA-end excision after DNA damage
by deacetylation of RBBP8. This demonstrates that SIRT6-
mediated RBBP8 deacetylation can significantly increase
cancer incidence and enhance the efficacy of the targeted
therapy Gefitinib. RBBP8 is thought to function similarly
to BRCA1.20 and 21 as a tumor suppressor [39]. As an
essential member of the PcG protein family, PHD finger
protein 1 (PHF1) interacts with various proteins and core
complexes, including Ku70-Ku80 and radiation sensitive
50 genes (radiation sensitive 50, Rad50), structural main-
tenance of chromosomes protein 1 (SMC1), RNA helicase
A (RHA, RHA, and SMC1—also known as DHX9), p53,
and polycomb repressive complex 2 (PRC2), which are in-
volved in DNA damage repair [40] and/or mediated the dor-
mancy or apoptosis of damaged and cancerous cells [41].
PHF1 is involved in complex biological processes that may
mediate the balance of reconstruction following cell injury,
and its effect on tumors cannot be defined simply by high or
low expression levels. According to some research, PHF1
is expressed weakly in pure non-small cell adenocarcinoma
tissues but significantly in pure non-small cell squamous
cell carcinoma tissues. It contributes to the proliferation,
invasion, and death of non-small cell lung squamous cell
carcinoma and adenocarcinoma cells, respectively, as an
oncogene and an oncosuppressor gene, revealing its dual
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Fig. 8. Construction and validation of the nomogram. (A) A prognostic nomogram based on the risk score derived from the prog-
nostic TMGsig and the age TNMstage, to predict 1-, 3-, and 5-year survival in patients with LUAD. (B) Calibration curves adjusted for
discrepancies between the predicted and observed 1-, 3-, and 5- years survival rates.

Fig. 9. Functional enrichment analysis of 11 TMGs. (A) Gene Ontology (GO) signaling pathway enrichment analysis. (B) Kyoto
Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment analysis.

structural properties [42]. A DNA glycosylase calledMutY
DNA glycosylase (MUTYH) is involved in the correction of
mistakes after double-stranded DNA replication [43]. The
molecular mechanism of MUTYH mutation in the devel-
opment of colorectal cancer and MUTYH-associated poly-
posis has been studied extensively [44–46]. Current lung
cancer research is centered on MUTYH single-nucleotide
polymorphisms. There is evidence that the common MU-
TYH variant p.Gln324His may raise the risk of lung cancer
because this affects its enzymatic activity similarly to the
known cancer variant p.Gly396Asp, according to an in vitro
study of the gene [47]. Phosphatidyl-glycerophosphate syn-
thase 1 (PGS1) and Anaphase promoting complex subunit
4 (ANAPC4) have not been extensively studied in cancer;

however, given its analogous position in the biology of
yeast telomeres, ANAPC4 is predicted to influence telomere
maintenance [48]. Further research must be carried out to
determine the precise tools and purposes of these riskmodel
genes.

This study divided TM-DEGs in LUAD patients into
two clusters, by identifying cluster consistencies. Our pre-
dictive analysis showed that the two patient clusters had
statistically different OSs, with cluster C1 patients hav-
ing a shorter mean OS time (p = 2.4 × 10−3). Using
LASOS-Cox, a survival time-related prognostic signature
was then constructed. The OS time between the two prog-
nostic groups was significantly different, indicating that pa-
tients in the high-risk group had shorter OSs (p = 1.1 ×
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Fig. 10. KM curves of OS according to TMGSig, distribution plots of patients, and time-dependent ROC curves of TMGsig in the
GEO validation cohort. (A) The GSE31210 cohort. (B) The GSE11969 cohort. (C) The GSE70249 cohort. ROC, receiver operating
characteristic; GEO, Gene Expression Omnibus.

Fig. 11. Comparison of somatic mutations between different TMGsig subtypes. (A) Ocoprint representation of the top 20 most
frequently mutated genes in the TMGsig-high subtype. (B) Ocoprint representation of the top 20 most frequently mutated genes in the
TMGsig-low subtype.

10−13). The C1 cluster comprised a substantial proportion
of the high-risk group. The intersection of these two classi-
ficationsmay be useful for identifying outpatients with poor
prognoses.

Our KEGG analysis of 11 TM-DEGs showed that they
were particularly significant in the FoxO signaling path-
way, progesterone-mediated oocyte maturation, and oocyte
meiosis. In ovarian and age-related infertility, one of the
factors that determine the success of IVF is telomeres. Fer-

tilization will not succeed if the oocyte’s telomere length is
shortened [49]. Pharmacological treatment of short telom-
eres has been used in various aging and degenerative dis-
eases [50,51], and follicular cells can be considered poten-
tial targets for treatments to improve aging oocytes by pro-
moting increases in telomere lengths. Cancer, as an age-
related disease, may also serve as a reference to the appli-
cation of telomere therapy for aging diseases.
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Fig. 12. Spearman correlation analysis between risk score and immune score. (A) TIMER algorithm. (B) quanTIseq algorithm.

Fig. 13. The immune landscape of TMGsig-high and TMGsig-low subtypes. (A) The relative abundance of 6 cell types in the
high-risk score subgroup using the TIMER algorithm. (B) The relative abundance of 6 cell types in the low-risk score subgroup using
the TIMER algorithm. (C) The relative abundance of 10 cell types in the high-risk score subgroups was calculated by the quanTIseq
algorithm. (D) The relative abundance of 10 cell types in the low-risk score subgroups was calculated by the quanTIseq algorithm. (E)
Boxplot was used to compare the differences in cell infiltration abundance between the two subgroups using the TIMER algorithm. (F)
Boxplot was used to compare the differences in cell infiltration abundance between the two subgroups using the quanTIseq algorithm.
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With the rapid development of tumor immunotherapy,
lung cancer therapy has entered a new era of treatment.
Based on the correlation between lung cancer, immunity,
and telomeres, we continued to analyze the relationship be-
tween TMGsigs and TMEs. We found that risk scores were
generally negatively correlated with immune cells, the most
significant of which were B cells, macrophage M2 cells,
and regulatory T cells. A team of researchers led by Alessio
Lanna of University College London recently published an
interesting study inNature Cell Biology, detailing themech-
anismwherebymemory T cells extend their lifespans. They
found that, during antigen presentation, antigen-presenting
cells (APCs) actively “donate” their telomeres to T cells via
vesicles, to help them prolong their lifespans [52]. Com-
bined with the results of this study, the increase in risk score
and the decrease in APCs, composed of B cells, dendritic
cells, or macrophages, lead to the shortening of T cell lifes-
pans, the decline of immune function, and worse prognoses
for lung cancer patients.

5. Conclusions
Using the TCGA dataset, we created a telomere-

related gene risk signature and validated it using three GEO
datasets. The results showed that this signature was very
good at distinguishing patients’ prognoses. Our findings
demonstrate a correlation between TMG subtypes in LUAD
and alterations in the immune TME. These findings may be
advantageous for immunotherapy interventions in patients
with LUAD.
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