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Abstract: This study aimed to explore the prognostic value of necroptosis-related genes (NPRGs) in
melanoma. A prognostic signature based on six NPRGs was constructed using the least absolute
shrinkage and selection operator (LASSO) regression in the training cohort from The Cancer Genome
Atlas (TCGA), with validation using the Gene Expression Omnibus (GEO) database (GSE65904).
Patients were divided into high-risk and low-risk groups, and overall survival (OS) was compared using
the Kaplan-Meier method. Cox regression analysis assessed the impact of clinicopathological features
and risk scores on survival outcomes. The immune microenvironment was evaluated using the
CIBERSORT method, and the relationship between clinical features, checkpoint gene expression, and
risk scores was examined by correlation analysis. Gene expression of the six NPRGs was validated using
the GEPIA?2 database and immunohistochemistry (IHC). The prognostic signature predicted worse OS
in the high-risk group, and this was confirmed in the validation cohort. Risk scores were found to
independently predict survival in melanoma patients. Significant differences in the immune
microenvironment and checkpoint gene expression were observed between risk groups. The necroptosis
score showed a positive correlation with natural killer cells and M2 macrophages, and a negative
correlation with T-cell and B-cell infiltration. Lower levels of immune checkpoint gene expression were
observed in the high-risk group. IHC results confirmed the gene expression trends of NPRGs from the
GEPIA2 database. In conclusion, the prognostic signature based on NPRGs can serve as a novel
prognostic predictor in melanoma patients and reflect the immune microenvironment.
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1. Introduction

Melanoma is a malignant tumor that originates from melanocytes. Of all malignant tumors, malignant
melanoma accounts for about 5% of cases!'l. Since melanoma is one of the most malignant cancers known
to humans, its incidence has risen globally for the past 50 years!?. Therefore, early detection and
treatment are crucial to enhance the prognosis of patients.

Necroptosis is a form of programmed inflammatory cell death mediated by RIP1, RIP3, and MLKLEI,
An oligomeric complex comprising FADD, caspase-8, and caspase-10 recruits active RIPK1. The RIP
Potosome is created by RIPK 1 phosphorylating RIPK3 without caspase-8. MLKL is then phosphorylated
to create the necrosome. The MLKL oligomer translocates to PIP-rich patches in the plasma membrane.
It makes macropores that allow ion inward flow, cell enlargement, and membrane lysis, followed by the
uncontrolled release of intracellular substances, resulting in necrotic cell death* According to reports,
necroptosis typically has tumor-suppressive effects'> ®. Some necroptosis cells, however, were unable to
fully account for the anticancer effects of necrosis-inducing substances, indicating a possible connection
between necroptosis and antitumor immunity!”). Understanding if necroptosis has a tissue-specific
function in carcinogenesis and whether it has pro- or antitumor effects in various cancer types could open
up new avenues for cancer therapy.
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The precise part necroptosis plays in melanoma growth is still up for debate. This research set out to
identify a predictive profile for necroptosis-related genes (NPRGs), evaluate the relationship between
necroptosis and the tumor immunological microenvironment (TME), and examine the therapeutic
benefits of immunotherapy and targeted therapy.

2. Materials and methods
2.1 Raw data acquisition and processing

389 human melanoma samples' transcriptome RNA sequences (FPKM value) and the corresponding
clinical information were obtained from The Cancer Genome Atlas (TCGA; https://tcga-
data.nci.nih.gov/tcga/) platform. The Gene Expression Omnibus (GEO) platform provided the melanoma
samples for the GEO cohort (GSE65904) (n = 214). The 67 original NPRGs used in this study were
compiled from published studies, and the specific list can be found in the relevant literature. The FPKM
values in the TCGA melanoma were transformed to Transcripts Per Kilobase Million (TPM) values, and
samples with inadequate clinical data (age, gender, stage, overall survival [OS] time, etc.) were
removed®l. The Masked Somatic Mutation data (Varscan. Somatic. Maf) from the TCGA database was
used to compute mutation frequency.

2.2 Construction of the NPRGs prognostic signature

To find suitable modeling genes from NPRGs, the "glmnet" package in R used LASSO regression.
Based on the optimal value of the penalty parameter (1), relevant modeling genes and their coefficients
were kept. The sum of the coefficient values was then multiplied by the expression of the genes to create
an NPRGs prognostic signature.

2.3 Validation of the NPRGs prognostic signature

Each melanoma patient in the TCGA and GEO groups was assigned a risk score based on the
prognostic signature and divided into high- or low-risk groups using the median value. Kaplan-Meier
survival curves and a log-rank test assessed survival differences. The "pheatmap" package in R generated
a heat map to show NPRG expression levels in the two groups. ROC curve analysis with the "survival,"
"survminer," and "timeROC" packages evaluated the signature's specificity, sensitivity, and predictive
accuracy (AUC). Scatter plots and risk score distributions were used to illustrate the relationships
between death states and risk scores.

2.4 NPRGs prognostic signature and other clinical features correlations

From the TCGA platform, we retrieved the mutation data related to melanoma cases. The mutations
between high-risk and low-risk groups were analyzed using the "maftool" package in Rl The OS
between patients with high and low tumor mutation burden (TMB) and TMB combined with necroptosis
scores were then evaluated. Also examined was the relationship between necroptosis scores and other
clinical traits (age, stage, and gender).

2.5 Independent prognostic analysis of the necroptosis scores

To further explore the relationships between the necroptosis scores and clinicopathological features,
we integrated the clinicopathological data with the necroptosis scores of the patients. The "survival"
package in R was used to perform univariate and multivariate Cox proportional hazards regression
analysis to test if the prognostic signature's predictive power was independent of clinicopathological
traits. The results of the univariate and multivariate Cox analyses were visualized using the "forestplot"
package in R.

2.6 Nomogram Model Establishment

A nomogram was constructed by combining the necroptosis scores with other clinical features. The
sum of each patient's points was determined based on the nomogram. The calibration curves were used
to contrast the anticipated probability of a 1-, 3-, and 5-year survival time by the nomogram with the
actual survival time.
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2.7 Profile of tumor-infiltrating immune cells (TICs) in melanoma patients

The relative proportion of 22 immune cells was assessed using the CIBERSORT
(https://cibersort.stanford.edu) algorithm in melanoma patients. The simulation calculation was 1000
times run based on the gene expression profile of 22 immune cell subtypes. Finally, it was possible to
determine the relative composition ratio of the 22 immune cells in each sample.

2.8 Exploration of the associations of the risk score with targets of targeted therapy and
immunotherapy

The relationships between the necroptosis scores and therapy-related targets were assessed using
Pearson's correlation analysis. The "ggpubr" package in R was used to draw those relationships, and the
Wilcoxon rank-sum test was used to see whether there was a difference.

2.9 Validation of the expression levels of six NPRGs

The mRNA expression levels of NPRGs were analyzed using the GEPIA2 database
([http://gepia2.cancer-pku.cn/](http://gepia2.cancer-pku.cn/)). Immunohistochemical assays validated
the protein expression levels of NPRGs. Melanoma and adjacent tissues for immunohistochemistry were
provided by The First Affiliated Hospital of Guangxi Medical University, with melanoma confirmed by
pathology. Clinicopathological data, including age and sex, were collected.

Tissue sections were submerged in xylene for 20 minutes, followed by a fresh xylene treatment. The
dewaxed sections were immersed in distilled water for 5 minutes, then in 95%, 80%, and 100% ethanol
for 5 minutes each. Antigen retrieval was performed using alkaline Tri-EDTA solution (pH 9) heated in
a pressure cooker for 2 minutes, followed by cooling to room temperature. Sections were then exposed
to 3% H202 in the dark for 10 minutes, blocked with sheep serum for 30 minutes, and incubated
overnight with primary antibody RP215 at 4°C. Afterward, secondary antibody with HRP was applied at
room temperature for 30 minutes. Color development was done using diaminobenzidine (DAB),
followed by hematoxylin counterstaining.

Ten high-power (400x) fields were randomly selected, and images were reviewed independently by
two researchers. The cell nuclei stained blue with hematoxylin, while positive DAB staining appeared
brownish-yellow.

2.10 Statistical analysis

The Wilcoxon rank-sum test was used to compare the two groups in question. The Kruskal-Wallis
test was used for comparisons involving three or more groups. Survival analyses, including necroptosis
scores, were carried out using the Kaplan-Meier method. Using the log-rank test, the difference in the
survival statistic was examined. P < 0.05 was considered statistically significant for all data analyses,
which were carried out using R software version 4.0.2.

3. Results
3.1 Construction and validation of the NPRGs prognostic signature in the TCGA cohort

Out of 67 NPRGs, Lasso regression analysis found six eligible candidate genes (Fig. 1A, B). The
prognostic features were created using the expression level and risk coefficient of the six NPRGs as a
guide: -0.50531*BRAF + 0.20844*PLK1 + 0.51169*TSC1 - 0.14410*AXL - 0.45049*ZBP1 +
0.28569*EGFR is the risk score. Risk scores were computed per the prognostic signature for each patient
with melanoma. All patients in the TCGA cohort were split into high- or low-risk groups based on the
risk score's median value. Patients in the low-risk category had a higher survival rate than those in the
high-risk group, according to progression free survival (PFS) (Fig. 1C). Patients with the OS who fell
into the low-risk category also had a higher survival rate than those who fell into the high-risk category
(Fig. 1D). The diagnostic adequacy and sensitivity of the prognostic signature were also assessed using
ROC curves, and ROC analysis revealed that the AUC at 1-, 3-, and 5-years survival were, respectively,
0.729, 0.671, and 0.711 (Fig. 1E). This proves that the prognostic signature we created has accurate OS
prediction capacity. The expression levels of each NPRG in the high- and low-risk groups were displayed
on the heat map. BRAF, AXL, and ZBP1 expression levels in the high-risk group were comparatively
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low, but PLK1, TSC1, and EGFR expression levels were very high (Fig. 1F). The scatter dot plot of
patients' risk scores in various categories showed that the high-risk area had a high number of fatalities
(Fig. 1G, H).
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Fig.1 Construction and validation of the NPRGs prognostic signature in the TCGA cohort. (4)
Diagram of the optimal number of genes in the LASSO regression model. The horizontal axis
represented log (lambda), and the vertical axis represented the partial likelihood of deviance. The
Lambda value corresponding to the minimum value was the best. (B) The coefficient spectrum of the
LASSO Cox regression model. (C) K-M curves of progression-free survival (PFS). (D) K-M curves of
overall survival (OS). (E) Receiver operating characteristic (ROC) curve for 1-, 3-, and 5-year overall
survival. (F) Heat map for the expression levels of AXL, BRAF, EGFR, PLK1, TSCI, and ZBP1. (G)
Risk score plot. (H) Survival status scatters the plot.

3.2 External validation of the prognostic signature

The independent validation cohort of the GEO database examined the prognostic signature for OS's
ability to predict outcomes (GSE65904). The risk score's median value was used to categorize patients
into low- and high-risk categories. The low-risk group had a higher rate of survival than those in the
high-risk group, according to the KM survival curve (Fig. 2A). The diagnostic effectiveness of the
prognostic signature was also assessed using ROC curves, and ROC analysis revealed that the AUC at
1-, 3-, and 5-years survival was, respectively, 0.676, 0.651, and 0.651. (Fig. 2B). Each gene's expression
levels were similar to those of the TCGA cohort (Fig. 2E). The distribution of patients' risk assessments
across several categories was ranked in Fig. 2C. The scatter dot plot also demonstrates that when a
patient's score rises, the likelihood of death increases (Fig. 2D). Patients in the low-risk group saw fewer
deaths than those in the high-risk group, according to the distribution of risk scores and the scatter dot
plot.
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Fig.2 External validation of the NPRGs prognostic signature in the GEO cohort. (A) K-M curves of
overall survival (OS). (B) Receiver operating characteristic (ROC) curve for 1-, 3-, and 5-year overall
survival. (C) Risk score plot. (D) Survival status scatters the plot. (E) Heat map for the expression
levels of AXL, BRAF, EGFR, PLKI, TSCI, and ZBP1.

3.3 Correlations between necroptosis scores and different clinical features

Altered in 218 (36.04%) of 227 samples. B Altered in 201 (89.73%) of 224 samples.
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Fig.3 Correlation analysis between necroptosis scores and tumor mutation burden. (A) Waterfall plot
of mutation profiles established in the low-risk groups. (B) Waterfall plot of mutation profiles
established in the high-risk groups (C) Kaplan-Meier curves of the overall survival (OS) between high
and low TMB groups. (D) Kaplan-Meier curves of the OS between high and low TMB groups stratified
by necroptosis score.
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We analyzed the distribution of the somatic mutations in the TCGA melanoma cohort between high
and low necroptosis scores. The top 20 driver genes with the highest mutation frequencies and the
associated mutation frequencies in the groups with high and low necroptosis scores (Fig. 3A, B). The
TMB in the low necroptosis group was wider than in the group with high necroptosis scores. Patients
were next split into two groups, one with high TMB and one with low TMB, based on the ideal cutoff.
Patients in the high TMB cohort had a greater OS than those in the low, according to survival analysis
(Fig. 3C). Next, we looked at how the synergistic TMB and necroptosis scores affected the prognosis of
melanoma patients. TMB levels did not impact the independent predictive value of the necroptosis scores,
according to a stratified survival study. There were significant variations between subclusters with high
and low necroptosis scores for TMB. The OS was better in patients with high TMB compared to low
TMB among those with high necroptosis scores. Likewise, in the group with low necroptosis scores,
patients with high TMB had better OS than those with low TMB (Fig. 3D). These findings might offer
new perspectives on immunotherapy in the context of necroptosis phenotypic regulation.
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Fig.4 Correlations analysis between necroptosis scores and different clinical features.
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In the TCGA cohort, the relationship between prognostic signature and clinicopathological
characteristics was investigated. According to Fig. 4A, the risk score rises as the T phase progresses,
indicating that the prognostic factors may be associated with tumor progression. Additionally, individuals
with low scores had a significant survival benefit in the correlation study between necroptosis scores and
other clinical parameters (age, sex, stage, and lymph node metastasis) (Fig. 4B-Q). Overall, the prognosis
of long-term clinical patients can be predicted by the necroptosis scores.

3.4 The NPRGs prognostic signature independent of clinicopathological parameters in the TCGA
cohort

In the TCGA cohort, we performed univariate and multivariate Cox regression analyses to see if the
prognostic signature's predictive power depended on clinicopathological factors. The risk score was
identified as a prognostic factor by univariate analysis [HR 1.513; % CI 1.297-1.766; (Fig. 5A)]. After
adjusting for additional confounding variables, the multivariate analysis further showed that the risk
score was an independent predictor for melanoma patients [HR 1.408; 95 % Ci 1.189-1.666; (Fig. SB)].
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Fig.5 The NPRGs prognostic signature was an independent predictor for melanoma patients. (A)
Forest plot of the univariate Cox regression analysis. (B) The forest plot of the multivariate Cox
regression analysis.

3.5 Establishment of the nomogram

Based on the prognostic signature of the NPRG, we created a nomogram that might predict the
survival of OS patients (Fig. 6A). To evaluate the nomogram's sensitivity and specificity, clinical ROC
curves were employed. This nomogram's AUC was 0.742, indicating the nomogram may have clinical
utility (Fig. 6B). Finally, by calibrating the curves, the prediction accuracy was evaluated (Fig. 6C). The
aforementioned findings show that the nomogram has good accuracy for both internal and external
validation datasets.
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Fig.6 Establishment of the nomogram. (4) Nomogram for predicting 1-, 3-, and 5-year overall survival.
(B) The clinical ROC curves of the nomogram. (C) The calibration curves for the validation of the
nomogram.

3.6 Correlation of NPRGs prognostic signature with the proportion of TICs

22 different types of immune cell profiles were performed in melanoma patients to support further
the relationship between the prognostic signature of the NPRG and the immunological microenvironment.
The proportion of tumour-infiltrating immune subsets was also examined using the CIBERSORT
algorithm (Fig. 7).
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Fig.7 Barplot of the proportion of 22 kinds of tumor-infiltrating immune cells in melanoma samples.
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Additionally, there is a strong correlation between the prognostic signature of the NPRG and the
percentage of memory B cells (R=-0.25, P0.001), plasma cells (R=-0.21, P0.01), T cells CD8 (R=-0.3,
P0.001), T cells CD4 memory activated (R=-0.23, P0.001), T cells follicular helper (R=-0.28, P0.001),
natural killer (NK) cells resting (R=0.18, P<0.01) (Fig. 8A, B). These findings provide additional
evidence for the influence of NPRG's prognostic signature on TME's immune activity.
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Fig.8 Tumor-infiltrating immune cells profile in melanoma samples and correlation analysis. (A) Violin
plot showed the ratio differentiation of 22 kinds of immune cells with high and low risk. (B) Correlation
analysis between necroptosis scores and immune cells.
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3.7 Effectiveness prediction of immunotherapy and targeted therapy with the prognostic signature

The levels of mRNA expression for immunotherapy and targeted therapy in the high- and low-risk
groups were compared (Fig. 9). The results showed that the low-risk group had significantly higher
expression levels of CTLA4, CD40LG, CD40, CD274, etc. than the high-risk group did. Therefore,
immunotherapy and targeted therapy may be less effective in melanoma patients with higher risk scores.
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Fig.9 Expression of immune checkpoint-related genes in high-risk and low-risk groups.
3.8 Validation of the expression levels of six NPRGs

Based on the GEPIA2 database, we explored the mRNA expression levels of the six NPRGs on appeal,
and the results showed that AXL, EGFR, and TSC1 were lowly expressed in melanoma patients’ samples.
At the same time, PLK1 was highly expressed (Fig. 10A). The immunohistochemistry results also
validated the results (Fig. 10B).
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Fig. 10 Validation of the expression levels of six NPRGs. (4) The mRNA expression levels of AXL,
BRAF, EGFR, PLK1, TSCI, and ZBP1 are based on the GEPIA2 database. (B) Immunohistochemical
staining in melanoma and paracancerous samples.

4. Discussion

We first analyzed the TCGA database's RNA transcriptome data in this study to obtain expression
information for 67 NPRGs. Then, we built a predictive signature based on 6 NPRGs using LASSO
regression in the TCGA cohort. The prognostic signature's superior predictive potential and accuracy
were confirmed by internal validation based on the TCGA cohort. Additionally, the prognostic signature's
predictive capability was examined in greater detail in a separate cohort of the GEO dataset, confirming
its superior predictive ability for melanoma. We then discovered that necroptosis scores might be
connected to tumour development. According to this interpretation, higher necroptosis scores are
consistent with a worse tumour microenvironment, facilitating malignant cells' fast proliferation,
invasion, and migration as tumours progress. The predictive signature was later demonstrated to represent
prognostic factors independent of all clinicopathological characteristics in univariate and multivariate
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Cox regression models. Last but not least, the relationship between the prognostic signature and the level
of immune cell checkpoint expression partially explains how necroptosis influences the prognosis of
melanoma patients. Further study on necroptosis in melanoma may be worthwhile.

Prognostic signature includes 6 NPRGs (AXL, BRAF, EGFR, PLK1, TSCI1, ZBP1). These genes
have been studied in detail in certain malignancies, including melanoma. AXL is a tyrosine kinase
membrane receptor that signals through PI3K, MAPK, and PKC as well as other pathways. Studies have
shown that AXL is frequently overexpressed and linked to metastasis and a poor prognosis in several
human malignancies, including breast, lung, gastric, metastatic colon, and prostate tumours!'”, A
substantial relationship between AXL expression and patient clinical outcomes was also found"!> 12, As
a result, abnormal AXL expression and activation are strongly linked to tumour development!!* 14 It is
well known that BRAF mutations in melanoma hinder the apoptotic process and tumour suppressor
inactivation from promoting and maintaining carcinogenesis. About half of instances of melanoma have
these mutations, particularly BRAF V600E, which accounts for 90% of all known BRAF mutations!'!.
EGFR-related pathways often offer a potent signal for epithelial cell survival or proliferation!!®), However,
when deregulated, the consequences of its overexpression are often detrimental. By triggering cellular
responses that promote survival and anti-apoptosis, including enhanced proliferation, motility,
angiogenesis, vascular mimicry, and invasiveness, EGFR can initiate tumorigenesist'” ¥, PLK1 is
essential for advancing the cell cycle, especially in mitosis, cytokinesis, and the G2-M checkpoint!'l.
PLK1 is overexpressed in various cancer types, and studies have shown that its expression negatively
correlates with overall disease-free survival?”. PLK1 is considered a promising target for cancer therapy
based on multiple studies?!. A crucial part of the PI3K/AKT/mTOR signalling cascade in TSCI.
Working with different regulatory molecules is essential for development, cell growth and proliferation,
survival, autophagy, and cilia development. TSC1 has a tumour-suppressive role in several human
malignancies, including liver, lung, bladder, breast, ovarian, and pancreatic cancers, according to recent
studies??). In the innate immune response, ZBP1 encodes a Z-DNA binding protein that binds to
exogenous DNA and triggers the production of type I interferon!?*). Increased ZBP1 expression has been
seen in breast, ovarian, colon, and non-small cell lung cancers and is thought to be a distinctive marker
for these cancers, according to studies™®-?7. To sum up, the six NPRGs that composed the prognostic
signature strongly correlated with the growth of tumours. These NPRGs can accurately predict patient
prognosis based on the generated NPRGs, and their prognostic signature may be linked to tumour growth.
However, the precise functions of genes other than BRAF and molecular pathways in melanoma have
only sometimes been investigated. Research on how NPRGs contribute to the development of cancer and
tumours may be discussed in the following.

The prognostic profile of the NPRG, including T cells CD8, T cells CD4 memory activated, and T
cells follicular helper, is strongly and adversely connected with the amount of T cell infiltration in TME,
according to our results. Evidence for the crucial roles that effector T cells, memory T cells, and T cell
differentiation play in tumour immune response is mounting!?®l. Higher infiltrating T cell concentrations
indicate a positive prognosis. Additionally, we saw a strong negative correlation between high
necroptosis scores, the quantity of B-cell and plasma cells in the cell infiltration, and a positive correlation
with M2 macrophages. B-cell enrichment was the best predictive indicator for patients' long-term
survival®!. According to a study, those with metastatic colorectal cancer with strong B-cell infiltration
have longer OS and a significantly lower probability of the illness returning®®l. Additionally, better
survival in metastatic melanoma was linked to the cohabitation of CD8 T cells and CD20 B cellsP!. M2
macrophages are immunosuppressive and contribute to stromal remodelling, thus favouring tumour
growth®2 31, These findings support the notion that greater necroptosis scores currently indicate a poor
prognosis for patients, partially explaining the relationship between the prognostic signature of the NPRG
and prognosis. TME is intricate and interactive, though; variations in the level of immune cell infiltration
at various stages of tumour growth may impact how quickly a tumour develops. Higher necroptosis
scores were positively linked with NK cell infiltration in TME in the current investigation. Cytotoxic T
cells are the primary immune cells capable of regulating tumour growth and mediating responses to
cancer immunotherapy, even though many immune cells, including NK cells and macrophages, can
demonstrate tumoricidal activity®#. It is mainly due to their ability to recognize and kill malignant and
infected cells ). Furthermore, it is impossible to overlook the dual function of B cells in tumour growth.
As was already said, there is certain evidence that supports B cells' ability to prevent the spread of
tumours, but overall, it is still unclear how B cells contribute to the immune response to tumours. B cells
exhibit vital effector actions in addition to antibody production. According to experimental data, B cells
inhibit and boost anti-cancer immune responses°l. In conclusion, our findings suggest that necroptosis
influences TME, but future research will need to clarify the precise mechanism.

Research on tumour immunology and molecular biology have been quite active, and immunotherapy
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now offers new possibilities for treating tumours!*’!. We further investigated the prognostic significance
of NPRGs prognostic signature on the advantages of immunotherapy, given the vital importance of
innovative immunotherapies in clinical treatment. We researched how high and low scores patients
differed in their immune checkpoint-related gene expression. The findings revealed that the high
necroptosis score group had reduced expression of various checkpoint genes, including CTLA4, PD-L1
(CD274), CD80, B7-H3 (CD276), CD40, and CD40L (CD40LG), among others. The type and degree of
immune cell infiltration in TME are consistent. According to these findings, patients with high
necroptosis scores may be resistant to tumour immunotherapy. Investigating how necroptosis affects
melanoma may bring a new theoretical framework for subsequent treatment.

We give a preliminary analysis of the predictive power of NPRGs that might serve as the theoretical
underpinning for further investigation. Our study does have several non-negligible limitations, though.
First, our prognostic signature does not include other potential gene transcript expression profiles
connected to OS in melanoma, which exclusively involves data analysis of NPRGs transcriptomics.
Additionally, transcriptome analysis cannot pinpoint the precise molecular mechanism underlying
necroptosis, necessitating additional proteomic or metabolomic research. Second, substantial prospective
investigations must be conducted further to evaluate the prognostic signature's accuracy and stability.
Finally, in vitro and in vivo tests are required to support our findings to fully comprehend the biological
significance of this NPRG's prognostic signature in melanoma.

5. Conclusion

In conclusion, the NPRGs prognostic signature can be applied in clinical practice to evaluate the
corresponding immune cell infiltration characteristics of NPRGs in each melanoma patient to identify
candidates for immunotherapy and direct more efficient treatment approaches. In addition, it can also be
used to assess the clinicopathological characteristics of melanoma patients, including age, gender, clinical
stage, and tumour mutation burden. Similarly, the prognostic signature can be used as an independent
biomarker to assess the prognosis of melanoma patients. In the future, our findings are expected to
improve the response of melanoma patients to immunotherapy and provide precise strategies for
immunotherapy candidates.
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