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Sixteen Cellular Senescence–associated DNA Methylation 
Signature Predicts Overall Survival in Patients with Head 
and Neck Squamous Cell Carcinoma
Ming Han YE1, Xin Yi HUANG2, Chun Jie LI1,3, Qian Ju WU4,5, Fei LIU1

Objective: To construct a cellular senescence–related DNA methylation model to act as an 
independent prognosis predictor for patients with head and neck squamous cell carcinoma 
(HNSCC).
Methods: Methylome, transcriptome and clinical information for 499 HNSCC patients were 
received from The Cancer Genome Atlas (TCGA) as a training set. An extra independent meth-
ylation dataset of 54 patients with oral squamous cell carcinoma (OSCC) was downloaded 
from the NCBI Gene Expression Omnibus (GEO) database as the validation set. To assess the 
cellular senescence level of each sample, the senescence score (SS) of each patient was calculated 
using the transcriptome data via single-sample gene set enrichment analysis (ssGSEA). Least 
absolute shrinkage and selection operator (LASSO) Cox regression analyses were conducted to 
confirm Cytosine, phosphoric acid and Guanine (CpG) sites for the development of a cellular 
senescence–related DNA methylation signature.
Results: Based on the SS of each HNSCC patient in the TCGA cohort, the patients were divided 
into high- and low-SS subgroups. The high-SS group showed a better prognosis than the low-SS 
group. Moreover, 3,261 differentially methylated CpG sites (DMCs) were confirmed between the 
two groups. Among them, 16 DMCs were included to develop a 16-DNA methylation signature 
for evaluation of HNSCC prognosis using LASSO and multivariate Cox regression analysis.
Conclusion: A novel cellular senescence–related 16-DNA methylation signature was deter-
mined, which can be used as an independent index to evaluate the prognosis of HNSCC patients 
and select appropriate treatment strategies.
Key words: cellular senescence, diagnostic predictor, DNA methylation signature, head and 
neck squamous cell carcinoma, oral squamous cell carcinoma
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Head and neck squamous cell carcinoma (HNSCC) is the 
sixth most common malignancy worldwide with a sig-
nificant death rate and originates from the oral cavity, 
larynx and pharynx1. According to the 2020 Global Can-
cer Report, there more than 600,000 new HNSCC cases 
are diagnosed each year2. HNSCC is characterised as a 
heterogeneous malignancy with inter- and intra-tumour 
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differences3-5. Nowadays, although multiple therapies 
for HNSCC have developed significantly, the overall 
5-year survival rate for HNSCC is still around 50%, which 
is far from satisfactory6. Accumulated evidence proved 
that early diagnosis of HNSCC leads to a higher 5-year 
survival rate and a better prognosis6. Hence, the discov-
ery of trustworthy prognostic biomarkers is crucial to 
identify HNSCC at an early stage, offer patients effective 
therapy and improve their prognosis.

Cellular senescence is a permanent process of cell 
proliferation termination. It plays a pertinent role 
in tumour initiation growth, and metastasis, which 
is related to the activation of senescence-associated 
secretory phenotype (SASP), a key parameter generated 
by senescent cells7-9. Cellular senescence and SASP 
are a Jekyll and Hyde alteration, which means they 
facilitate suppression of the division of abnormal cells 
transforming into tumours while activating tumour cell 
growth and distant metastasis, particularly in tumours 
with higher SASP9-10. Studies have described how cel-
lular senescence also plays a vital role in the resistance 
of HNSCC against radiotherapy and chemotherapy11-13. 
Investigating the particular mechanism underlying the 
regulation of cellular senescence on the HNSCC could 
lead to a new way of detecting HNSCC at an early stage 
and offering timely therapy. Thus, further research on 
cellular senescence in HNSCC is urgently needed.

DNA methylation is one of the most widely explored 
epigenetic modifications, exhibiting a tight correla-
tion to tumours14. Recently, emerging evidence has 
supported the idea that DNA methylation regulates cel-
lular senescence and expression level of cellular senes-
cence-related genes (CSRGs) in HNSCC patients12,15. 
Accordingly, the exploration of DNA methylation and 
cellular senescence in HNSCC is potentially worth-
while. 

Machine learning–based models show giant poten-
tial in evaluating tumour prognosis and improving 
the efficiency of immunotherapy in the treatment of 
tumours like HNSCC16. Recently, Wang et al17 devel-
oped a cellular senescence–related prognosis model to 
predict the HNSCC survival rate. Nevertheless, to the 

HNSCC cellular senescence–related prognosis model 
constructed based on the methylome data. 

The flowchart of the study workflow is shown in 
Fig 1. In the present study, in order to construct a cel-
lular senescence–related DNA methylation model as a 
biomarker for the prediction of the prognosis of HNSCC 
patients, the methylome, transcriptome and clinical 
data for HNSCC patients were downloaded from the 
Cancer Genome Atlas (TCGA) to construct a prediction 

model of HNSCC prognosis. Sixteen DMCs were deter-
mined to develop a 16-DNA methylation signature for 
HNSCC prognosis evaluation by way of a least absolute 
shrinkage and selection operator (LASSO) and multivar-
iate Cox regression analysis. This cellular senescence–
related DNA methylation signature has been proven to 
be a significant independent prediction factor in the 
prognosis of HNSCC patients and the identification of 
a subgroup that is more suited for immunotherapy. The 
discoverymade in the present study may offer a better 
understanding of the role that cellular senescence plays 
in the prognosis of HNSCC and provide new strategies 
to identify subgroups and offer accurate therapy for 
HNSCC.

Materials and methods

Data collection and pre-processing

The data of HNSCC patients included in this study were 
obtained from UNSC Xena (https://xena.ucsc.edu/). 
The online database provided the transcriptome (RNA-
seq, HTSeq-Counts/FPKMs) and methylome (Illumina 
Human Methylation 450, HM450) data containing 566 
samples along with corresponding phenotype infor-
mation. A total of 499 HNSCC patients and 44 normal 
controls with complete corresponding survival data 
were selected as the training set. The expression value 
(FPKM) was then normalised by quantile normalisa-
tion. An extra independent methylation dataset includ-
ing 54 OSCC samples was downloaded from the NCBI 
Gene Expression Omnibus (GEO) database (access no. 
GSE75537)18. The GEO dataset was downloaded for 
external verification as a validation set.

Inference of senescence score (SS) and survival 
analysis investigating the relationship between SS 
and HNSCC prognosis

A total of 279 cellular senescence-related genes (CSRGs) 
were collected from the CellAge database including 28 
oncogene-induced, 232 replicative and 34 stress-induced 
genes19. Five of these were both oncogene-induced and 
replicative, and ten were both stress-induced and repli-
cative. To further understand the role played by cellular 
senescence in HNSCC and to investigate the methyla-
tion sites associated with cellular senescence and the 
relationship between cellular senescence and patient 
prognosis, the SS model was introduced. Firstly, a uni-
variate Cox survival analysis was performed to confirm 
the CSRGs of which the expression level showed positive 
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and negative correlations with HNSCC patient progno-
sis, which were then defined as the senescence-positive 
and negative gene sets, respectively. The SSs were then 
inferred according to the method described in two pre-
vious reports20-21. Enriched SSs based on the two gene 
sets above were computed by applying ssGSEA in the 
Gene Set Variation Analysis (GSVA) R package22, and 
the enriched score of senescence-positive components 
minus that of senescence-negative components was 
calculated and defined as the SS for each HNSCC indi-
vidual. To verify the relationship between SS and HNSCC 
prognosis, patients in the training set were divided into 
high- and low-SS groups, which were confirmed by the 
median SS of the 499 TCGA HNSCC patients. In this 
study, a higher SS represented higher cellular senes-
cence activity.

The survival status, survival time and phenotype 
data including the age, gender, sex and race of TCGA 
HNSCC patients were extracted to determine whether 
cellular senescence is related to the prognosis of 
patients with HNSCC via univariate and multivariate 
Cox proportional hazards analyses using the survival 
R package. Kaplan-Meier (KM) survival curves were 
drawn using the “survfit” function of the survminer 
R package to show the difference in the prognosis of 
HNSCC patients between the high- and low-SS groups.

Analysis of DMCs related to tumorigenesis and 
HNSCC prognosis

DMCs between tumour and normal samples in the 
training set were initially extracted using the limma R 

package, then the DMCs between the high- and low-SS 
subgroups were confirmed. The DMCs between HNSCC 
samples and normal samples were determined with a P 
value < 0.01 and |logFC| > 1.2. The DMCs between high- 
and low-SS groups were determined with a P value < 0.01 
and |logFC| > 1.1.

Construction and validation of the predictive model 
of HNSCC prognosis

To develop a prognosis signature, the survival time, sur-
vival status and methylome data of DMCs included in 
the previous section were integrated to conduct a LASSO 
Cox regression analysis using the glmnet R package. By 
way of 10-fold cross-validation, the appropriate coeffi-
cient value was calculated to create the following predic-
tive model of HNSCC prognosis: 

coef was the coefficient value of each corresponding 
DMC, and expr was the expression level of each cor-
responding DMC. To validate the prediction efficacy of 
the predictive model, the validation set from the GEO 
database was selected. Specifically, the risk score for 
each patient in the validation set was calculated and 
divided into high- and low-risk score groups according 
to the median risk score. In both the training set and the 
validation set, KM and ROC analyses were performed to 
examine the prediction ability. ROC analysis was car-
ried out based on the pROC R package to obtain the area 
under the ROC curve (AUC) at 1, 3 and 5 years.

Risk score =

Flowchart for the present study. 
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Development of a nomogram

Using the “rms” R package, the survival time, surviv-
al status and eight clinical features were integrated to 
develop a nomogram and calibration curves. The nomo-
gram is available when evaluating the prognosis signifi-
cance of each variable. Total points can be calculated by 
adding up all the values of the corresponding features 

curves were drawn to confirm the prediction ability of 
this nomogram to act as an independent predictor. The 
method of ROC analysis was described in the previous 
section.

Gene function enrichment analysis

To explore the potential biomolecular mechanisms 
underlying the regulation of the CSRGs on the progno-
sis of HNSCC patients, GO, KEGG and GSVA analyses 
were performed. First, differential expression analys-
is was conducted to identify differentially expressed 
genes (DEGs) between the high- and low-risk groups. 
Genes with P < 0.01 and |logFC| > 1.5 met the criteria. To 
extract essential pathways that were closely correlated 
to the DEGs, GO and KEGG gene function enrichment 
analysis were performed in clusterProfiler. GO analysis 
is a widely popular method that annotates genes and 
downstream products with three groups: molecular 
function (MF), biological pathways (BP) and cellular 
components (CCs)23. GO annotation information was 
extracted from org.Hs.eg.db. KEGG is a powerful and 
comprehensive database developed for the systematic 
investigation of gene function pathways24-25 based on 
the newest KEGG pathway annotation from KEGG rest 
API (https://www.kegg.jp/kegg/rest/keggapi.html). To 
evaluate the influence of the expression level of each 
DEG, GSVA analysis22 was performed based on GO and 
KEGG terms downloaded from the Molecular Signatures 
Database separately26.

Assessment of tumour immune infiltration and 
immune checkpoints in HNSCC

To clarify the tumour immune purity in HNSCC, the 
tumour microenvironment in each TCGA HNSCC sam-
ple was then explored. ESTIMATE27 and TIMER28 meth-
ods were used to clarify tumour immune purity in detail 
via the IOBR R package29. 

Considering the potential prospect of immune 
checkpoints in immunotherapy for HNSCC, a list of 

known immune checkpoints were made according to 
the previous literature30, and their expression level in 
high- and low-risk groups was detected to identify pos-
sible therapeutic targets. 

Statistical analysis

In the current research, the online data analysis plat-
form Sangerbox 3.0 (http://vip.sangerbox.com/) was 
used to conduct the aforementioned statistical analysis 
and result visualisation. Sangerbox 3.0 is a comprehen-
sive, interaction-friendly website platform for bioin-
formatics analysis that makes it possible to perform a 
series of customized bioinformatics analyses and visu-
alisation mapping based on the R packages mentioned 
above, and corresponding results can be downloaded 
from the platform31. 

Results

SSs of HNSCC patients were associated with their 
prognosis

To investigate the role of cellular senescence in the 
genesis of HNSCC, the CSRGs were retrieved from the 
CellAge database19. Next, 11 and 9 genes (Table 1) were 
distinguished showing better and worse overall survival 
in the TCGA cohort, respectively, between expression 
level and overall survival (P < 0.01). The two gene sets 
were defined as senescence-positive and senescence-
negative. Based on the expression levels of the two gene 
sets using ssGSEA, the SSs of HNSCC patients were cal-
culated. SS represents the cellular senescence activ-
ity of different individuals to assess whether there is a 
relationship between cellular senescence and HNSCC 
patients, and was used in the subsequent section for 
screening of differentially expressed DNA methylation 

median was 0.16. Next, the HNSCC patients were sepa-
rated into high- and low-SS groups by the median SS and 
a KM survival analysis was conducted. Using a log-rank 
test, the findings indicated that low-SS HNSCC patients 
had poor overall survival (P < 0.01; Fig 2a). After adjust-
ing for the effects of variables, such as age, sex, race 
and clinical stage, a multivariate Cox model analysis was 
performed and the relationship between SSs and sur-
vival of patients with HNSCC was verified (Fig 2b). These 
results revealed that SSs of the TCGA HNSCC samples 
were associated with their prognosis.
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Genes (ensemble ID) Hazard ratio (HR) (95% CI for HR) P value
0.0003729
0.0006764

0.0037633

0.0037972

0.0075066
0.0093966

 (a) KM 

set. (b) 
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The predictive prognosis model based on 16 cellular 
senescence–related DMCs was developed based on 
HNSCC overall survival

In the TCGA cohort, 12,046 DMCs were initially uncov-
ered between HNSCC patients and normal samples (P 
< 0.01 and |logFC| > 1.2). Ulteriorly, 3,261 DMCs were 
identified between high- and low-SS subgroups (P < 0.01 
and |logFC| > 1.1).
Next, the prognosis value of the 3,261 DMCs in the train-
ing set was evaluated using the LASSO Cox regression 
model. Through ten-fold cross-validation, the opti-
mal lambda value was selected and then the range of 
DMCs was condensed in order to find a DNA methyla-
tion signature for the prediction of overall survival in 
HNSCC. As a result, a total of 16 CpG sites were included 
to construct the predictive prognosis model (Figs 3a 

methylation status, a risk score model was developed 
as follows: RiskScore = (0.4921997969551*cg01995815) 
+ (0.24140263854671*cg02409878) + (-0.074692525763
4289*cg03424345) + (-0.185126888295284*cg06459070) 
+ (-0.084858590961658*cg06879746) + (0.024014297893 
4278*cg06903569) + (-0.4051941 67436796*cg07768107) 
+ (-0.061251172529722*cg08106706) + (-0.049130588721
8784*cg12298745) + (0.430730131248078*cg12389461) + 
(0.153090807571048*cg13757826) + (-0.0119448628610
951*cg14170959) + (0.301928975546258*cg16123269) + 
(0.243110636620704*cg19239041) + (-0.07440882137424
15*cg20711812) + (-0.978573233155824*cg21230425). To 
elucidate the efficacy of the influence of each CpG site 
included in the predictive prognosis model in the over-
all survival of HNSCC, multivariate and univariate Cox 
analyses were conducted. The multivariate Cox model 
was then used to compute the coefficient values of these 
16 CpG sites (Fig 3c). Additionally, using univariate Cox 
regression, the relationship between each CpG site and 
HNSCC survival was assessed (Fig 3d). Based on the 
results of the multivariate and univariate Cox models, 
the methylation of the 16 CpG sites was strongly linked 
with HNSCC survival. A Pearson correlation analysis 
was also performed to investigate whether risk scores 
and SSs of the HNSCC patients in the training set were 
significantly related. A significant negative correlation 
was observed between the risk scores calculated by the 
16-DNA methylation predictive prognosis model and SSs 
in the TCGA dataset (P = 4.2e-37; Fig 3e).

The potential impact of the 16 CpG sites of the DNA 
methylation signature on the 20 CSRGs associated 
with HNSCC survival was also investigated. A Pearson 
correlation analysis was conducted to investigate the 
relationship between the 16 CpG sites and 20 CSRGs 

impacting HNSCC prognosis. The results revealed that 
all the DMCs selected were significantly correlated 
with several CSRGs (P < 0.01; Fig 3f). Among them, the 
methylation level of cg21230425 significantly correlated 
with the maximum number of CSRGs amounted to 16, 
whereas that of cg14170959 correlated with the min-
imum of the CSRGs amounted to 2. These results imply 
that the 16 DMCs probably regulate CSRG transcription 
either directly or mediately.

The 16-DMC predictive prognosis model is an 
independent predictor for the prognosis of HNSCC 
patients

the patients were separated into high- and low-risk sub-
groups according to the median score to analyse the 
survival prognosis model. Following this, a KM survival 
analysis was performed, and found that HNSCC patients 
in the high-risk subgroup had a significantly worse 
probability of survival (P = 3.4e-12; Fig 4a), suggesting 
that the risk score model could be a reliable prognostic 
predictor. As shown in Fig 4b, compared to the low-risk 
subgroup, more deaths occurred in the high-risk sub-
group. The heatmap visualised the methylation value 
of the 16 DMCs in the risk score signature. To assess the 
prediction ability of the predictive prognosis model, an 
ROC analysis was conducted. For patients with HNSCC 
from the training set, this model was quite effective 
at predicting survival, with AUC of 0.69, 0.73 and 0.75 
for predicting 1-, 3- and 5-year survival rate, respect-
ively (Fig 4c). In summary, using the TCGA cohort, the 
16-DMC predictive prognosis model was confirmed 
to be an independent parameter for the prognosis of 
HNSCC patients.

16-DMC predictive prognosis model is validated in 
the OSCC GEO dataset

As described above, a 16-DNA methylation signature 
with an authentic effect in predicting the prognosis of 
HNSCC patients was constructed based on the TCGA 
database. Since OSCC is the main disease type of HNSCC, 
methylation and survival data from the OSCC dataset 
GSE75537 were downloaded from the GEO database 
(https://www.ncbi.nlm.nih.gov/geo/) to further verify 
the risk model. As expected, OSCC patients in the GEO 
dataset with higher risk scores had a worse prognosis (P 
< 0.01; Fig 5a). Based on the developed prognostic mod-
el, heatmap visualisation of different DMCs for patients 
and survival distribution in the GEO dataset also showed 
a similar pattern as in the TCGA dataset (Fig 5b), with an 
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AUC of 0.77 at 1 year, 0.78 at 3 years and 0.70 at 5 years, 
respectively (Fig 5c). Thus, the validation results indi-
cate that the model is sufficiently stable to be applicable 
to a broader HNSCC population.  

Establishment of a nomogram based on the model 
with predictive efficacy in HNSCC prognosis

on both risk score and clinical factors, a nomogram was 
developed by age, sex, grade, clinical stage, clinical T 
stage, clinical M stage, clinical N stage and risk score 
(Fig 6a). When the total points were 53.06, the predicted 
survival probability was more than 0.90 at 1 year, more 
than 0.80 at 3 years and more than 0.75 at 5 years. Sub-
sequently, it was proved that the observed survival prob-
ability and predicted survival probability were almost 
in congruity on the 3- and 5-year calibration curves 
(Fig 6b). The result proved that this nomogram is highly 
accurate in predicting the survival probability of HNSCC 
patients. ROC curves were then depicted (Fig 6c). The 1-, 
3- and 5- year AUCs were 0.69, 0.75 and 0.77, respective-
ly. This validated the excellent survival rate prediction 
ability of the nomogram. 

Discovery of differential pathways related to immune 
function between the high- and low-risk subgroups of 
HNSCC

Subsequently, differential expression analysis using the 
limma package was conducted; thus, 4,673 DEGs were 
uncovered in the two subgroups (P < 0.01, |logFC| > 1.5). 
GO and KEGG enrichment analyses were performed to 
crystallise the function and mechanisms of the preceding 
DEGs. The enrichment results were visualised in bubble 
plots and the findings of the GO analysis included three 
different function types: BP, CC and MF (Figs 7a to d).

In the BP sections, the previous DEGs exhibited 
enrichment in “response to stress”, “immune system 
process” and “immune response”. For CC, the most 
significantly enriched terms contained “cytosol”, “endo-
membrane system” and “vesicle”. In MF terms, the 
DEGs were significantly enriched in “catalytic activity” 
and “enzyme binding” along with “identical protein 
binding”. Additionally, the bubble plot for the KEGG 
analysis revealed that these genes were enriched in 
the top 10 pathways, among which “cell adhesion mol-
ecules (CAMs) signalling pathway”, “Th17 cell differen-
tiation signalling pathway”, “hematopoietic cell lineage 

lar senescence–related DNA 
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signalling pathway” and “primary immunodeficiency 
signalling pathway” were closely related to immunity 
function. 

Considering the expression level of DEGs may influ-
ence the enrichment results, GSVA analysis was per-
formed to further clarify the role these DEGs played 
in the HNSCC patients. The heatmap contained the 
top 20 KEGG signalling pathways enriched by GSVA 
(Fig 7e). According to the analysis, signalling path-
ways such as “Glycosphingolipid biosynthesis-ganglio 
series”, “Glycosaminoglycan biosynthesis-chondroitin 
sulphate”, “Glycosaminoglycan biosynthesis-keratan 
sulphate” and “Glycosaminoglycan biosynthesis-hep-
aran sulphate” were significantly active in HNSCC 
patients in the high-risk subgroup, suggesting the 
genesis and development of HNSCC were accompa-
nied by an abnormal change in glycan biosynthesis 
and metabolism. Meanwhile, pathways related to the 
immune system, such as the “B cell receptor signalling 
pathway” and “intestinal immune network for IgA pro-
duction and T cell receptor signalling pathway” were 
significantly suppressed. All the pathway enrichment 
results indicated the possibility that abnormal immune 
system function plays an important role in the progno-
sis of HNSCC patients.

Immune infiltration CSRG transcription/DNA meth-
ylation is correlated with HNSCC

Given the crosstalk between cellular senescence and 
tumour immune infiltration, the authors then investi-
gated whether the cellular senescence–related 16-DMCs 
model played a role in immune cell infiltration of HNSCC 
patients. ESTIMATE and TIMER algorithms were used 
to clarify the tumour purity and immune infiltration 
level in the HNSCC tumour microenvironment. The 
immune infiltration level between the high- and low-
risk subgroups was compared and violin plots were 
drawn to elucidate whether the discrepancies found in 
ESTIMATE and TIMER immune scores existed between 
the two groups (Figs 8a and 8b). As shown in Fig 8a, the 
immune score and ESTIMATE score were significantly 
lower in the high-risk group compared to the low-risk 
group (P < 0.01). Meanwhile, there was no significant dif-
ference in the stromal score found in the two groups (P 
= 0.77). These findings revealed that immune cell infil-
tration may decrease in the tumour microenvironment 
in HNSCC patients. These results were in accordance 
with the TIMER analysis. As shown in Fig 8b, five types 
of immune cells except macrophages exhibited signifi-
cantly lower infiltration in the high-risk subgroup (P < 
0.01). These indications supported the possibility that 
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 (b) 

 (c) 
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immune infiltration influences the prognosis of HNSCC 
patients. 

To further confirm this, a Pearson correlation analys-
is was performed to evaluate the relationship between 
risk score and immune infiltration level (Figs 8c and 
8d). With the exception of the stromal score calculated 
using the ESTIMATE algorithm and the macrophage 
infiltration score calculated using the TIMER algo-
rithm, the results demonstrated a significantly negative 
relationship between risk score and all the immune 
scores (P < 0.01). Thus, the present research proved that 
the 16-DMCs prognosis signature played an indispensa-
ble role in decreasing the infiltration level of immune 
cells in the tumour microenvironment in HNSCC, 

which shed a light on immune therapy for HNSCC.
The variation in immune checkpoint expression 

between the two subgroups was also investigated in 
light of the significance of checkpoint-based immuno-
therapies. A list of immune checkpoints was retrieved 
from previous studies to compare their expression 
levels in the two groups (Fig 8e)30. Of the 11 immune 
checkpoints, 9 checkpoints (BTLA, HAVCR2, LAG3, 
LILRB2, PDCD1, SIGLEC7, SIRPA, TIGHT and VSIR) 
were confirmed to express significantly lower levels 
in the high-risk subgroup, which may provide a new 
immunotherapy strategy that involves choosing effec-
tive targeted medicine.   

 (a) 
 (b)  

(c)  
(d)  (e) 
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Discussion

Since the discovery of cellular senescence19, the phe-
nomenon has been widely investigated and has been 
proven to be involved in oncogene activation and tumour 
suppression32-33. The most recent research has demon-
strated that senescent cancer cells are heterogeneous 
due to various variables, manifesting both pro- and anti-
tumour effects, suggesting that cellular senescence may 
lead to novel treatment strategies34-35. DNA methylation, 
a well-studied form of epigenetic modification involving 
the attachment of a methyl group onto the C5 position 
of the cytosine to synthesize 5-methylcytosine, influ-
ences the transcription of corresponding genes (like 
lysine methyltransferases [KMTs]) in various tumour 
types, which alter cellular senescence in tumour tissue 
and may serve as biomarkers in HNSCC prognosis36-38. 
In the present study, the 16-DNA methylation HNSCC 
predictive prognosis model was first developed based 
on the SS and was further validated. Further analys-
is showed that immune system function change and 
tumour immune microenvironment alteration occur 
in HNSCC, which is related to HNSCC prognosis and 
cellular senescence. The results indicate that the 16 
DMCs related to cellular senescence may regulate the 
local lesion by affecting immune function. The present 

 (a) 
 

(b) 
 (c) A Pearson 

 (d) A Pearson cor

 
(e) 

results could be profound in the HNSCC therapy area. 
First, the methylome and transcriptome data were 

collected from the TCGA database for HNSCC patients. 
Based on the expression of 20 CSRGs and HNSCC sur-
vival, a unique SS was first derived for each HNSCC 
patient. The method used to infer sample scores fol-
lowed that employed in previous articles on the rela-
tionship between cancer and another biological pro-
cess39,40. Among the CSRGs involved, several genes have 
been confirmed that participate in cellular senescence 
and tumorigenesis. For instance, FXR1 is considered a 
promoter for enhancing cellular senescence41, and its 
regulation activity is conducive to tumour growth in 
different cancer tissues including HNSCC42-44; CDKN2A 
is commonly altered in human tumours, which influ-
ences tumour-immune microenvironments45 and plays 
an important role in in vivo aging via the p19(Arf)-p53 
pathway46. The KM survival analysis revealed that 
HNSCC patients with higher SS had a poorer prognosis 
(P < 0.01), indicating a strong correlation between SS 
and HNSCC survival.

To create a DNA methylation predictive prognosis 
model for the diagnosis and prediction of HNSCC, 
3,261 DMCs were next identified between the high- and 
low-SS groups in the TCGA. Ultimately, 16 DMCs were 
included via the LASSO Cox regression method. Based 
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on this model, the risk score for each HNSCC patient was 
calculated. The Pearson correlation analysis showed a 
significant negative relationship between SS and risk 
score. ROC curves revealed that the DNA methylation 
model was able to predict HNSCC prognosis reliably. 
Its prediction accuracy and stability were validated 
via a further investigation in the dataset GSE7553718. 
Furthermore, the DMCs used in model construction 
were proven to be closely related to the expression of 
the aforementioned CSRGs, thus indicating the possible 
interaction with CSRGs in cancer tissue. To include the 
effect of clinical variables and increase the accuracy 
in prognosis prediction, a nomogram was constructed 
based on the 16-DNA methylation risk model. ROC 
curves and calibration curves both confirmed the accu-
rate evaluation ability in HNSCC patients.

To further clarify the concrete mechanism in HNSCC, 
GO23 and KEGG24,25 analyses were conducted to enrich 
signaling pathways using DEGs in high- and low-risk 
subgroups. The results proved that immune system 
function change may be involved in tumorigenesis and 
disease development, like “immune system process”, 
and “immune response” in GO terms. Through GO 
enrichment, several terms were identified, some of 
which have been reported in the previous literature to 
regulate cellular senescence in tumours. For instance, 
extracellular vesicle (EV) has been discovered that 
expresses higher in tumour tissue than adjacent nor-
mal tissue47 and can capture cell-free DNA48, which 
is essential in the tumour microenvironment, thus EV 
may be a biomarker in tumour senescence detection49. 
KEGG analysis also suggested that there is a difference 
in immune function between the two risk groups identi-
fied by the risk model, as immunity-related KEGG sig-
nalling pathways like “Proteoglycans in cancer”, “Th17 
cell differentiation” and “Primary immunodeficiency” 
were significantly enriched. To assess the expression 
level of the DEGs additionally, GSVA analysis22 was 
conducted and the heatmap revealed the top 20 KEGG 
signalling pathways. The result of the analysis was 
consistent with the GO and KEGG analyses, suggesting 
change in immune function plays an important role in 
the prognosis of HNSCC. Several immune system–relat-
ed KEGG signalling pathways, such as “Primary immu-
nodeficiency”, “T cell receptor signalling pathway”, 
“Intestinal immune network for IgA production” and 
“B cell receptor signalling pathway”, were found to be 
significantly suppressed in the high-risk group. Among 
them, “Primary immunodeficiency” was evaluated with 
the top absolute value of fold change, which was identi-
fied in an autography-related HNSCC prognosis model 
by Ren et al50. Interestingly, KEGG analysis strongly 

inhibits the upregulation of glycan biosynthesis and 
metabolism, indicating that active glycan metabolism 
levels may be a positive factor in the prognosis of 
HNSCC. This opinion was corroborated by previous 
studies51-54.  

Research in the present study indicated that immune 
system function influences the prognosis of HNSCC 
patients, suggesting the potential participation of the 
tumour microenvironment. The tumour microenvir-
onment plays a pivotal role in tumour progression 
and metastasis. Its unique composition and subtype in 
individuals result in different therapeutic outcomes55.
Thus, the evaluation of immune cell infiltration in the 
HNSCC tumour microenvironment was valuable. The 
IOBR package by R29 was used to evaluate the tumour 
immune purity of each sample via ESTIMATE27 and 
TIMER28. According to the ESTIMATE analysis, the 
HNSCC patients in the high-risk group presented with 
significantly lower immune scores and ESTIMATE 
scores, indicating that higher immune scores and 
ESTIMATE scores are distinct positive predictors of 
HNSCC prognosis, which is not consistent with other 
cancer types like lung adenocarcinoma56, gastric can-
cer57 and clear cell renal cell carcinoma58. Next, the 
infiltration level of six immune cells was evaluated via 
the TIMER algorithm. Significantly decreasing infiltra-
tion levels were noted in the high-risk group of each 
immune cell type except macrophage. In summary, the 
integrated evaluation suggested immunotherapy may 
benefit low-risk HNSCC patients, but may not be suit-
able for high-risk patients. 

The present study has some limitations. First, the 
analysis was retrospective and dependent on publicly 
accessible databases, and it was challenging to account 
for the regional difference, which limited the applica-
tion of the risk model in the clinic. Second, it is favour-
able to evaluate immune and stromal components sys-
tematically in the centre of the tumour and at the inva-
sive margin given that the microenvironment may vary 
in each individual and tumour site. The various tumour 
regions could not be considered because the transcrip-
tome profiles employed in the present investigation 
were all generated from a core sample of tumour tissue. 
Thus, there is a lack of consideration of the heterogene-
ity of different tumour sites within an individual, which 
may weaken the accuracy of the prognostic model to 
some extent. Therefore, further validation of cellular 
or animal models in the future will help to increase the 
credibility of the study. Meanwhile, a carefully planned, 
prospective, multicentre clinical trial that is conducted 
internationally is anticipated. Third, the authors used a 
GEO dataset for validation. Although having more data-
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sets for validation would increase the persuasiveness 
of the findings, eligible validation sets are difficult to 
obtain. In the future, further tests on HNSCC clinical 
samples are needed to assess methylation site changes 
in HNSCC more comprehensively.

Conclusion

In conclusion, the present authors first established a 
16-DNA methylation predictive HNSCC prognosis model 
associated with cellular senescence that may be utilised 
to select treatment for HNSCC patients. The selected 16 
CpG sites that were identified as participating in cellular 
senescence were potential biofunction targets, reveal-
ing a novel research direction in the strategy for tumour 
therapy. 
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