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Abstract 

Background: Cancer diagnoses and deaths among the elderly (65 +) are expected to increase significantly over 
the next decade. Immune checkpoint inhibitors specifically target ICI genes and enhance immune system function. 
However, poor outcomes may be associated with aging.

Methods: We downloaded the Genomic Data Commons from the Cancer Genome Atlas (TCGA) and collected gene 
expression data from malignant melanoma (MM) tissues, the third level as the primary site. The CKTTD ICI genes data-
base were applied and validated using the GEO database and lab experiments.

Results: In 414 patients, 13 ICI genes were obtained as risk gene signature by univariate and multivariate Cox hazard 
models and were associated with poor survival in the older group. At 1, 3, and 5 years (79%, 76%, and 76%, respec-
tively), we investigate TNFRFS4 gene and age prediction using novel nomogram-associated aging (HR = 1.79, P 0.001, 
CI = 1.32–2.45) with higher sensitivity testing.TNFRSF4 gene expression was significantly high in younger (15 years 
interval) MM patients (P < 0.001). By correlation analysis, a significant negative association was determined (P < 0.001). 
The validation of gene correlation from GEO (GSE59455) and (GSE22153) was obtained as external validation. We 
tested the TNFRSF4 protein levels by IHC in 14 melanoma tissue samples. TNFRSF4 expression was observed to be 
lower expressed in the older of melanoma tissues, and higher in the younger age group (P = 0.02). Besides the con-
nectivity of ICI gene proteins, the biological processes of cell aging, aging, and the immune system were found to be 
highly related.

Conclusions: Along with the risk score evaluation, the ICI gene (TNFRSF4) was identified as a tumor suppressor gene 
related to inequalities in age survival and associated with immune cell infiltrations. The aging responses of melanoma 
patients and related gene expression need further investigation in order to identify potential therapeutic targets.
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Introduction
It is critical to have a high degree of tolerance to 
chemotherapy treatments. As a result of the develop-
ment of breakthrough immunomodulatory antibody 
therapies that depend on the patient’s immune sys-
tem to manage malignancies in recent years, the issue 
of immunosenescence has risen to prominence on the 
medical agenda, prompting a flurry of new research 
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and discussion [1–3]. The discovery of immune check-
point inhibitors, which target the programmed cell 
death 1(PD-1), programmed cell death ligand (PDL1), 
and cytotoxic T lymphocyte antigen 4 pathways, has 
resulted in the development of new cancer thera-
pies [4, 5]. This method, which involves targeting the 
immune system, has shown remarkable efficacy in the 
treatment of many cancers, and several medications 
have been licensed by health authorities and are now 
in clinical trials [6].

Patients over the age of 65 account for the vast 
majority of cancer diagnoses and fatalities, and it is 
expected that this age group will grow significantly 
over the next ten years. However, this particular sub-
set of patients is underrepresented in clinical studies. 
Furthermore, aging is associated with a decline in the 
immune system’s effectiveness and alterations in the 
immune system. Although most patients are consid-
ered healthy, there has been little research, particularly 
on immunotherapy in the elderly [7].  Anecdotal evi-
dence shows that older patients getting anti-CTLA-4 
or anti-PD-1/PDL1 antibodies do not have lower 
responses or higher toxicity due to their advanced 
age, which is a promising development [8]. This may 
be explained by the fact that the link between frailty 
in older persons and distinct T-cell subset "profiles," 
which may have consequences for determining how 
to effectively assess older patients with varying basic 
functional status in terms of the degree of responsive-
ness, safety, and overall therapeutic effects of immu-
notherapy within an immunosenescent setting [9]. 
Because of the enormous amount of research show-
ing that practically all measures of innate and adaptive 
immunity change between younger and older people, 
the true clinical importance of these variations is still 
unclear, and assessing immunosenescence status using 
markers is a challenging task [10]. While recognizing 
that the majority of published studies are cross-sec-
tional in nature (and thus may detect only differences 
rather than changes), the vast majority of them pro-
vide no evidence that observed age-related disparities 
in the immunological parameters examined are harm-
ful to the individual.The first ICI drug was approved 
for MM patients, considerably improving survival 
compared to non-users, and the research of genomic 
expression changes with aging by using public datasets 
TCGA and wet experiments is becoming increasingly 
important to be investigated.

Our study will screen the genetic level of MM 
patients by using the TCGA database. Using the most 
recent selected ICI gene list (CKTTD) and match-
ing it with transcriptomic expression data from the 
TCGA, we will investigate the molecular profiling 

of MM patients and find age-related ICI gene expres-
sion. In addition to the experimental lab work, the 
derived age-related gene was validated from the GEO 
database.

Materials and methods
Data sources and study parameters
We downloaded the Genomic Data Commons (GDC, 
accessible via the portal: https:// portal. gdc. cancer. gov/) 
and managed to collect gene expression data from MM 
tissues at the third level. For tumors with "MM" as the 
main  site, the expression profiles for MM projects con-
tained profiles for tumors with the disease forms of "cuta-
neous skin melanoma". Patient ID, gender, age, stage, and 
survival information were also retrieved from the data-
base for the corresponding patients. Cancer patients with 
survival and expression data available when the research 
was done were the only participants in this report. The 
total number of protein-coding genes that have been 
annotated in the TCGA data portal that used fragments 
per kilobase of exon per million mapped (FPKM) as a 
measurement was 19,658. Access to the de-identified 
linked dataset was obtained from TCGA to analyze iden-
tified data from the TCGA. The resulted coding genes 
were matched with new recent CKTTD ICI genes  [11]. 
Institutional review board approval and informed con-
sent were not required.

Construction of a prognostic gene signature
The Cox hazard model by univariate and multivariate was 
used to compare ICI expression levels and the expres-
sion of prognostic genes in the high- and low-risk groups. 
MM patients were divided into high-risk and low-risk 
groups according to the median value of the risk score, 
and the OS of patients were analyzed by the Kaplan–
Meier (KM) method and log-rank test. The gene and age 
correlations were applied to the highly significant results 
from the independent test results.

Gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) and construction of  the PPI 
network and immune cell infiltration. GO and KEGG 
searches were carried out using the websites https:// biit. 
cs. ut. ee/ gprofi ler/ gost  [12–15].  We obtained the pro-
tein–protein interaction (PPI) network of ICI genes using 
Cytoscape software (https:// cytos cape. org/) to recon-
struct and visualize the network of the ICI gene database. 
Estimated immune cell infiltration was performed by the 
R package according to the risk score.

Statistical analysis
We first obtained the prognostic genes in MM by using 
univariate Cox hazard analysis. We performed multivari-
ate Cox hazard analysis using the survival package in R. 

https://portal.gdc.cancer.gov/
https://biit.cs.ut.ee/gprofiler/gost
https://biit.cs.ut.ee/gprofiler/gost
https://cytoscape.org/
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Independent tests, one-way ANOVA on ranks, and cor-
relation analysis were also applied. We considered a P 
value of less than 0.05 and a limit of 0.001 as statistical 
significance. All statistical methods are done using the R 
program version 4.0.4 and SPSS version 25.

Experimental methods Immunohistochemistry (IHC)
We used the hematoxylin and eosin (H&E) stain, a well-
established method for detecting gene expression in 
tissue, to check for differences between normal and 
tumor tissue  and study the difference between differ-
ent age groups.14  human melanoma tissues were pro-
vided  (2018–2020)  by Dalian Medical University’s First 
Affiliated Hospital in accordance with Dalian’s ethics 
committee for human research and the patient’s written 
consent was taken.

Formalin‑fixed, paraffin‑embedded tissue sections
The newly dissected tissue (about 3 mm thick) was pre-
served with 2% paraformaldehyde at room temperature 
overnight. Afterwards, the tissue was washed with run-
ning tap water for 5  min before being dehydrated with 
70% alcohol, 80% alcohol, and 95% alcohol for 5  min 
each, followed by three times with 100% alcohol for 5 min 
each. The tissue was cleared in xylene twice for five min-
utes each time and then immersed in paraffin three times 
for five minutes each time. The paraffin-embedded tissue 
was sectioned on a microtome at 5–8  m thickness and 
floated in a 40  °C water bath containing distilled water. 
We transferred the sections onto glass slides suited for 
IHC, allowing the slides to dry overnight before storing 
them at room temperature until ready for use.

Immunostained sections of formalin‑fixed, 
paraffin‑embedded tissue
After the paraffin sections were melted in the oven 
at 65˚C for 60 min, the tissue slices with a thickness of 3 
to 5 microns were cooled at room temperature. Follow-
ing deparaffinization in xylene for 10 min in two changes, 
the tissues were rehydrated with serial ethanol dilutions 
for 5 min in absolute ethanol concentrations of 95%, 85%, 
75%, and 50%. The tissues were washed with water for 
3 min and washed three times in PBS for 5 min each time. 
The heat induced epitope retrieval method was used, and 
the samples were incubated with a 3% hydrogen perox-
ide solution for 10  min before being washed for 5  min 
and three times with PBS. After removing the blocking 
buffer from the slides, primary antibodies were added 
and incubated at room temperature for 1  h (TNFRSF4; 
1:100-Huabio). Tissues were rinsed three times with PBS, 
then incubated for 15  min at room temperature with 
HRP-conjugated secondary antibody and washed three 

times for three minutes each time. After 10 min of expo-
sure to DAB stain, stained antibodies were washed three 
times with PBS to eliminate any left-over staining. After 
staining with H & E for 3–5  min, all slides were rinsed 
in water and immersed in serial ethanol dilutions of 50%, 
75%, 85%, %, 95%, and 100% for 3  min each. The slides 
were finally counted by using a cover slip on the tissue 
using DPX adhesive and waited for it to dry. According to 
the number of chromogenic and the color depth of cells, 
the score from two pathologists inspected the slides inde-
pendently  under a 20 × magnification light microscope. 
Then we used the average from the pathologists to make 
the results.

Results
Data analysis and constructing prognostic gene signature
Following the selection of the only known and available 
data on MM, 414 patients were extracted from the TCGA 
database, which is shown in Supplementary Table  1. 
When the transcriptomic gene expression was matched 
by the ICI genes (CKTTD), the univariate hazard model 
regression analysis was performed, which indicated only 
40 genes with a statistically significant difference in low vs 
high expression (considering only P value = 0.05); (CD27
,VSIR,ICOS,HAVCR2,IDO1,CD80,CTLA4,TNFRSF18,T
IGIT,TNFRSF4,CD274,TNFRSF9,PDCD1,ISYNA1,CSF1
,CD47,TLR8,ARG1,TREM2BMI1,TNFRSF1B,BTK,LILR
B1,PLK1,CD52,CCR5,TLR3,TLR7,CREBRF,TLR9,TLR4,
LILR2,CXCR4,CCR2,NOX4,CD96,CD38,AXL,NR2F6). 
(Supplemetary1 A). Further multivariate hazard model 
analysis revealed 13 ICI genes which were supposed to 
be as risk gene signature (ICOS, CD80,CTLA4,TNFRSF
4,PDCD1,CSF1,TLR8, ARG1,BMI1,TLR3,TLR4,NOX4, 
AXL) and the top significant 6 genes was selected as 
risk score genes (considered only P value < 0.05) (ICOS, 
CD80, NOX4,ARG1,TNFRSF4, PDCD1) (Supplementary 
Fig. 1).

The KM survival analysis was undertaken to evalu-
ate overall survival (OS) results to identify the poten-
tial of each ICI gene signature-related OS to predict the 
prognosis of MM patients. The overall survival rate for 
patients in the high-risk group was considerably lower 
than the rate in the low-risk group in the risk score. (log-
rank P-value < 0.0001) (Supplementary Fig. 2 A).

This study evaluated the 6-gene signature’s predictive 
potential using a nomogram (Supplementary Fig.  2B). 
Thus, patients’ risk scores are divided into two groups: 
those at great risk and those who are not; the higher a 
patient’s risk score, the greater the possibility of death 
(Fig. 1). It was determined that all of the risk score genes 
are oncosuppressors (their high expression was related 
to greater survival than their low expression). (P < 0.05) 
(Supplementary Fig. 3).
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Ageing‑related genes
An effective strategy for predicting prognosis was discov-
ered after a multivariate cox hazard model analysis for 
clinical factors associated with a risk score. In addition 
to the risk score as the independent variable (HR = 1.58, 

P < 0.001, CI = 1.45–1.73), the age variable was found to 
be statistically significant (HR = 1.79, P < 0.001, CI = 1.32- 
2.45) (Fig. 2).

According to the independent test, the expression asso-
ciation with relevant clinical factors showed TNFRSF4 

Fig. 1 Risk score distribution of the gene signature of patients among OS cohort. represent the gene signature heatmap; Red lines indicate low-risk 
group and blue lines for a high-risk group, respectively
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gene expression was significantly linked with aging in 
patients with MM (P = 0.01) (Fig.  3). The strong signifi-
cance between younger age group and the eldest one by 
one-way ANOVA on ranks results was clearly seen (15-
year interval) ( P < 0.001) (Fig. 4). In addition to the cor-
relation analysis in the training group, validation of gene 
correlation from GEO (GSE59455) and (GSE22153) 
were obtained as external validation. ((P < 0.0001) and 
r = -0.20, P = 0.01, r = -0.24) respectively (Fig. 5).

We investigate the prediction of TNFRSF4 gene and 
age by novel nomogram that highly detects the risk of 
death and associated age with higher sensitivity testing 
in one, three, and fifth-year AUC (79%,76%,76%), respec-
tively (Fig. 6). By examining the correlation between risk 
score genes resulting from multivariate cox hazard model 
and age, we discover four genes that were likewise shown 
to be negatively correlated with age (CSF1, TLR8, TLR4, 
NOX4) (P < 0.05) (Fig. 7).

GO, KEGG, and construction of the PPI network
GO analysis revealed that genes associated with CKTTD 
were prominent in the biological processes of aging and 
cell aging with immune system. KEGG analysis revealed 
that pathways of cytokine-cytokine receptor interaction 
and cell adhesion molecules were associated (Supplemen-
tary Table 2). ICI genes were illustrated and described in 
the context of the PPI network for the CKTTD database 
(Supplementary Fig. 4).

Immune cells infiltration
Immune cells are distributed among risk classes were 
selected the most significant positive correlation of the 
risk genes concerning the abundance of immune cells 

that measured by Timer (http:// timer. cistr ome. org) for 
infiltrative immune cells between high and low-risk 
groups. In addition, it allows visualizing the correlation 
of its expression with immune infiltration level in MM. 
The scatterplots generated and displayed Spearman’s rho 
value and statistical significance of the risk score gene 
signature by using R package (Supplementary Fig. 5).

Experimental validation: The protein expression levels 
of TNFRSF4 using IHC
We tested the TNFRSF4 protein levels by IHC and exam-
ined the protein expression in 14 melanoma samples 
where the normal control slides showed a negative detec-
tion of TNFRSF4 protein (Fig. 8, Supplementary Table 3). 
The TNFRSF4 expression was observed to be lower 
expressed in the older of melanoma tissues, and higher in 
the younger age group (P = 0.02) (Fig. 9).

Discussion
People over the age of 65 who have survived cancer make 
up a large part of the general population, and the differ-
ence in survival rates between people who have cancer 
and those who don’t has gotten more prominent in recent 
years [16]. Individuals aged 60 to 80  years old or older 
account for nearly half of all malignancies diagnosed 
today, and patients aged 60 to 80 account for approxi-
mately 80% and 30% of cancer-related fatalities, respec-
tively [17]. As a result, immunosenescence has recently 
risen to the forefront of medical discussion, as a result 
of the development of novel immunomodulatory anti-
body therapies that rely on the patient’s immune system 
to manage malignancies and that were first approved in 
MM patients, prompting an explosion of new research 

Fig. 2 Prognosis discovered by univariate and multivariate survival analysis for clinical factors associated with a risk score. The age variable 
independent risk variable significant (HR = 1.79, P =  < 0.001, CI = 1.32- 2.45)

http://timer.cistrome.org
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and debate. Our research aims to find the risk score genes 
that might be to blame for the age difference and the sur-
vival outlook.

The CKTTD database contains checkpoint protein tar-
gets, all of which have experimental evidence that has 
been confirmed and curated from 10 649 publications 
using an advanced text-mining method. In addition, it is 
a carefully managed resource relevant to available check-
point targets and immunotherapy treatments for cancer. 
It is the first online resource of its sort, and the data in 
CKTTD is freely accessible to any scientist working in 
cancer immunotherapy and checkpoint molecule drug 
development. CKTTD offers users a concise overview of 
checkpoint targets and the treatment options available 
for checkpoint molecules or their regulatory pathways, 

backed up by verified data. CKTTD will increase further 
our knowledge of the checkpoint and immunotherapy 
mechanisms underlying human cancer. Notably, CKTTD 
will serve as a valuable bioinformatics resource for devel-
oping checkpoint-targeted therapeutics. In recent years, 
it has been established that combining targeted medi-
cines directed at the tumor microenvironment with tra-
ditional chemo- or radiotherapy may increase cancer 
patient efficacy in clinical practice. We look forward to 
other therapy options that target checkpoint molecules 
to enhance patient outcomes and ultimately defeat can-
cer [11, 18]. The majority of the results of aged and MM 
patients, whether in a localized or remote location and in 
the ICI and non-ICI eras, are still controversial [19, 20]. 
However, almost the older MM patients exhibit more 

Fig. 3 The median expression association with relevant clinical factors. TNFRSF4 gene expression was shown to be significantly linked with aging in 
patients with malignant melanoma.(P = 0.01)
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adverse and poorer prognosis than younger patients [21–
25]. Overall, our cohort study reported that older peo-
ple experience a worse prognosis than younger patients. 
We reported a significant novel, unique risk score for 
genes that was applied from the recent ICI genes data-
base, CKTTD. This score will help with prediction and 
risk identification for MM patients. The aging effect was 
clear in this cohort in general and was significantly worse 
for the adults than for the non-adults. Further, we looked 
at the risk genes, correlated them with aging, and found 

that oncosupressor genes that are less common in older 
MM patients than in younger MM patients.

In addition to CSF1, TLR8, TLR4, and NOX4, 
TNFRSF4 was the most significantly associated and 
adversely correlated with age in both TCGA and GEO 
with aging. This risk score signature may play an essen-
tial role in the future as targeted ICI genes increase its 
expression for adult people in the immunotherapy era. 
The literature is fairly reported for this new gene about 
TNFRSF4 and its clinical efficacy and /or associated 
immune cells. In leukemic stem cells, stimulation of 
TNFRSF4-signaling did not deplete Tregs but impaired 
the potential of Tregs to protect LSCs from CD8 + CTL-
mediated death. In the bone marrow of newly diagnosed 
chronic myeloid leukemia patients, TNFRSF4 mRNA lev-
els were dramatically raised and linked with the expres-
sion of the Treg-restricted transcription factor FOXP3 
[26]. Survival and TNFRSF4 expression with different 
immune cells were investigated in our study. The sur-
vival prediction of TNFRSF4 and associated age was 
significantly presented as a novel prognostic model. In 
the experiments, we tested TNFRSF4proten expression 
in 14 patients and investigated the score of the expres-
sion, which revealed a significant increase in the younger 
group of patients (< 65) compared to the older group. 
The patients’ data, on the other hand, were small, but 
the significant difference was clear. Finally, our research 
identifies specific genes and gene pathways that may be 
responsible for the aging-related decrease in life expec-
tancy. Also, we think about what might be behind these 
changes and what might be interesting research subjects 
for future studies on older people.

Fig. 4 Significant difference between each age group with 15-year 
interval in training group

Fig. 5 TNFRSF4 gene expression from TCGA and validation of gene correlation from GEO (GSE59455) and (GSE22153) as external validation 
determined (P =  < 0.001) with r = -0.20. (P = 0.01) and r = -0.24)
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Fig. 6 Prediction of TNFRSF4 gene by novel nomogram which was highly detecting the risk of death and associated age with higher sensitivity 
testing in one, three, and fifth-year AUC (79%, 76%, and 76%)
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It is necessary to consider the limitations of this inves-
tigation. Firstly, owing to the study’s retrospective char-
acter, it was difficult to rule out confounding variables 
that may have influenced the patients’ prognosis in the 

future. Secondly, we only selected target data from TCGA 
and GEO public databases through biological algorithm 
approaches. Thirdly, though the experimental work vali-
dation was reported, further investigation needed to 

Fig. 7 The correlation between risk score genes resulting from multicox and age showed negatively correlated with age (CSF1, TLR8, TLR4, NOX4) 
(P =  < 0.05)

Fig. 8 A. Skin tissue showing normal TNFRSF4 protein expression. B. Primary malignant tissue showing high chromogenic and depth of color cells
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be done by different methods. Moreover, it is relatively 
weak to consider only mRNA expression  and protein 
expression  because many more complicated mechanisms 
contribute to MM. Finally,  further  functional research 
is needed to find out how prognostic genes in MM 
work together and how they affect both prognosis and 
treatment.

In summary, this study aimed to determine the predictive 
value of a novel ICI gene-related risk score derived from a 
new ICI gene list in melanoma patients. Additionally, we 
identified a novel ICI gene (TNFRSF4), a tumor suppres-
sor gene associated with age-related survival inequalities 
related to immune cell infiltration, which may be related 
to the development of aggressive behavior and carcinogen-
esis in adult patients. To identify potential therapeutic tar-
gets, extensive research and large cohort data are required 
to understand how the gene’s products function as well as 
how melanoma patients react as they get older.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885- 022- 09860-2.

Additional file 1: Supplementary Table 1. Characteristics of malignant 
melanoma patients.

Additional file 2: Supplementary Table 2. CKTTD ICI genes: GO and 
KEGG pathways.

Additional file 3: Supplementary Table 3. Characteristics of affiliated 
hospital for malignant melanoma patients.

Additional file 4: Supplementary Figure 1: univariate hazard model 
and multivariate hazard model regression A. 40 genes with a significant 

difference in low vs. high expression (P= <0.05) resulted B. The resulted 6 
genes with low vs. high expression as risk score genes.

Additional file 5: Supplementary Figure 2. A. overall survival rate for 
patients in the high-risk group was considerably lower than the rate for 
patients in the low-risk group in the risks core. (P = < 0.0001) B. the 6-gene 
signature’s predictive potential was evaluated using a nomogram.

Additional file 6: Supplementary  Figure 3. The risk score genes as 
oncosuppressors (their high expression was related with greater survival 
than their low expression) with selected top 6 genes (P=< 0.05).

Additional file 7: Supplementary  Figure 4. ICI genes were illustrated 
and described in the context of the PPI network for CKTTD.

Additional file 8: Supplementary Figure 5. Spearman’s rho r  value and 
statistical significance of the risk score and immune cells.

Acknowledgements
None

Authors’ contributions
Safi, Jin,Al- danakh, and Jiwei; the conception and design of the study, acquisi-
tion of data, and analysis and interpretation of data (2) Safi, Qin, Ping, Al-radhi, 
Zhang,Wang, Adlat, and Jiwei,: drafting the article and revising it critically for 
important intellectual content, (3) Yi and Jiwei: Funding and correspondence. 
All authors approved the version to be submitted.

Funding
This research was funded by the National Natural Science Foundation of 
China, Grant/Award Numbers:82172793.

Availability of data and materials
The datasets generated and/or analysed during the current study are available 
in the GDC portal repository, [https:// portal. gdc. cancer. gov/].

Declarations

Ethics approval and consent to participate
Data are in an open tier which does not require access approval.

Fig. 9 Immunohistochemistry of TNFRSF4 protein expression. The expression in the older group (n 6) was significantly lower than the younger 
group (P = 0.02) (n 8)

https://doi.org/10.1186/s12885-022-09860-2
https://doi.org/10.1186/s12885-022-09860-2
https://portal.gdc.cancer.gov/


Page 11 of 11Safi et al. BMC Cancer          (2022) 22:978  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Author details
1 Department of Oncology, First Affiliated Hospital of Dalian Medical University, 
Dalian 116021, China. 2 Department of Urology, The First Affiliated Hospital 
of Dalian Medical University, Dalian 116021, China. 3 Department of Urology, The 
Affiliated Hospital of Qingdao Binhai University, Qingdao, China. 4 Department 
of Pathology, First Affiliated Hospital of Dalian Medical University, Dalian 116021, 
China. 5 Department of Gastroenterology, Department of Medicine, Perelman 
School of Medicine Philadelphia, University of Pennsylvania, Philadelphia, PA, USA. 

Received: 10 January 2022   Accepted: 18 May 2022

References
 1. Varadé J, Magadán S, González-Fernández Á. Human immunology and 

immunotherapy: main achievements and challenges. Cell Mol Immunol. 
2021;18(14):805–28.

 2. Aiello A, Farzaneh F, Candore G, Caruso C, Davinelli S, Gambino CM, 
Ligotti ME, Zareian N, Accardi G. Immunosenescence and its hallmarks: 
How to oppose aging strategically? A review of potential options for 
therapeutic intervention. Front Immunol. 2019;10:2247.

 3. Pawelec G. Does patient age influence anti-cancer immunity? Semin 
Immunopathol. 2019;41(1):125–31.

 4. Wong SK, Beckermann KE, Johnson DB, Das S. Combining anti-cytotoxic 
T-lymphocyte antigen 4 (CTLA-4) and -programmed cell death protein 
1 (PD-1) agents for cancer immunotherapy. Expert Opin Biol Ther. 
2021;21(12):1623–34.

 5. Han Y, Liu D, Li L. PD-1/PD-L1 pathway: current researches in cancer. Am J 
Cancer Res. 2020;10(3):727–42.

 6. Safi M, Ahmed H, Al-Azab M, Xia Y-L, Shan X, Al-Radhi M, Al-Danakh 
A, Shopit A, Liu J. PD-1/PDL-1 inhibitors and cardiotoxicity; molecular, 
etiological and management outlines. J Adv Res. 2021;29:45–54.

 7. Daste A, Domblides C, Gross-Goupil M, Chakiba C, Quivy A, Cochin V, 
de Mones E, Larmonier N, Soubeyran P, Ravaud A. Immune checkpoint 
inhibitors and elderly people: a review. Eur J Cancer. 2017;82:155–66.

 8. Hong H, Wang Q, Li J, Liu H, Meng X, Zhang H. Aging, Cancer and Immunity. 
J Cancer. 2019;10(13):3021–7.

 9. Kanesvaran R, Cordoba R, Maggiore R. Immunotherapy in older adults 
with advanced cancers: implications for clinical decision-making and 
future research. Am Soc Clin Oncol Educ Book. 2018;38:400–14.

 10. Crooke SN, Ovsyannikova IG, Poland GA, Kennedy RB. Immunosenescence 
and human vaccine immune responses. Immun Ageing. 2019;16(1):25.

 11. Zhang Y, Yao Y, Chen P, Liu Y, Zhang H, Liu H, LiuY, Xu H, Tian X, Wang Z, 
et al. Checkpoint therapeutic target database (CKTTD): the first compre-
hensive database for checkpoint targets and their modulators in cancer 
immunotherapy. J Immunother Cancer. 2020;8(2):e001247.

 12. Kanehisa M, Goto S. KEGG: Kyoto Encyclopedia of Genes and Genomes. 
Nucleic Acids Res. 2000;28(1):27–30.

 13. Kanehisa M. Toward understanding the origin and evolution of cellular 
organisms. Protein Sci. 2019;28(11):1947–51.

 14. Kanehisa M, Furumichi M, Sato Y, Ishiguro-Watanabe M, Tanabe M. 
KEGG: integrating viruses and cellular organisms. Nucleic Acids Res. 
2021;49(D1):D545–51.

 15. Raudvere U, Kolberg L, Kuzmin I, Arak T, Adler P, Peterson H, Vilo J. g: 
Profiler: a web server for functional enrichment analysis and conversions 
of gene lists (2019 update). Nucleic Acids Res. 2019;47(W1):W191–8.

 16. PPilleron S, Sarfati D, Janssen-Heijnen M, Vignat J, Ferlay J, Bray F, Soerjomataram 
I: Global cancer incidence in older adults, 2012 and 2035: A population-based 
study. Int J Cancer 2019;144(1):49–58.

 17. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 
2016;66(1):7–30.

 18. Zhang W, Zeng B, Lin H, Guan W, Mo J, Wu S, Wei Y, Zhang Q, Yu D, Li W, 
et al. CanImmunother: a manually curated database for identification of 

cancer immunotherapies associating with biomarkers, targets, and clinical 
effects. Oncoimmunology. 2021;10(1):1944553.

 19. van Holstein Y, Kapiteijn E, Bastiaannet E, van den Bos F, Portielje J, de Glas 
NA. Efficacy and Adverse Events of Immunotherapy with Checkpoint 
Inhibitors in Older Patients with Cancer. Drugs Aging. 2019;36(10):927–38.

 20. Cavanaugh-Hussey MW, Mu EW, Kang S, Balch CM, Wang T. Older age 
is associated with a higher incidence of melanoma death but a lower 
incidence of sentinel lymph node metastasis in the SEER databases 
(2003–2011). Ann Surg Oncol. 2015;22(7):2120–6.

 21. Banerjee M, Lao CD, Wancata LM, Muenz DG, Haymart MR, Wong SL. 
Implications of age and conditional survival estimates for patients with 
melanoma. Melanoma Res. 2016;26(1):77–82.

 22. O’Neill CH, Scoggins CR. Melanoma. J Surg Oncol. 2019;120(5):873–81.
 23. Safi M, Al-Azab M, Jin C, Trapani D, Baldi S, Adlat S, Wang A, Ahmad B, 

Al-Madani H, Shan X, Liu J. Age-Based Disparities in Metastatic Melanoma 
Patients Treated in the Immune Checkpoint Inhibitors (ICI) Versus Non-ICI 
Era: A Population-Based Study. Front Immunol. 2021;16(12).

 24. Tas F, Erturk K. Patient age and cutaneous malignant melanoma: Elderly 
patients are likely to have more aggressive histological features and 
poorer survival. Mol Clin Oncol. 2017;7(6):1083–8.

 25. Tsai S, Balch C, Lange J. Epidemiology and treatment of melanoma in 
elderly patients. Nat Rev Clin Oncol. 2010;7(3):148–52.

 26. Hinterbrandner M, Rubino V, Stoll C, Forster S, Schnüriger N, Radpour R, 
Baerlocher GM, Ochsenbein AF, Riether C. Tnfrsf4-expressing regula-
tory T cells promote immune escape of chronic myeloid leukemia stem 
cells. JCI Insight. 2021;6(23).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Immune checkpoint inhibitor (ICI) genes and aging in malignant melanoma patients: a clinicogenomic TCGA study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Data sources and study parameters
	Construction of a prognostic gene signature
	Statistical analysis
	Experimental methods Immunohistochemistry (IHC)
	Formalin-fixed, paraffin-embedded tissue sections
	Immunostained sections of formalin-fixed, paraffin-embedded tissue

	Results
	Data analysis and constructing prognostic gene signature
	Ageing-related genes
	GO, KEGG, and construction of the PPI network
	Immune cells infiltration
	Experimental validation: The protein expression levels of TNFRSF4 using IHC

	Discussion
	Acknowledgements
	References


