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Background: Skin cutaneous melanoma (SKCM) is the deadliest dermatology tumor. Ongoing researches have confirmed that the
NOD-like receptors (NLRs) family are crucial in driving carcinogenesis. However, the function of NLRs signaling pathway-related
genes in SKCM remains unclear.

Objective: To establish and identify an NLRs-related prognostic signature and to explore its predictive power for heterogeneous
immune response in SKCM patients.

Methods: Establishment of the predictive signature using the NLRs-related genes by least absolute shrinkage and selection operator-
Cox regression analysis (LASSO-COX algorithm). Through univariate and multivariate COX analyses, NLRs signature’s independent
predictive effectiveness was proven. CIBERSORT examined the comparative infiltration ratios of 22 distinct types of immune cells.
RT-qPCR and immunohistochemistry implemented expression validation for critical NLRs-related prognostic genes in clinical
samples.

Results: The prognostic signature, including 7 genes, was obtained by the LASSO-Cox algorithm. In TCGA and validation cohorts,
SKCM patients with higher risk scores had remarkably poorer overall survival. The independent predictive role of this signature was
confirmed by multivariate Cox analysis. Additionally, a graphic nomogram demonstrated that the risk score of the NLRs signature has
high predictive accuracy. SKCM patients in the low-risk group revealed a distinct immune microenvironment characterized by the
significantly activated inflammatory response, interferon-o/y response, and complement pathways. Indeed, several anti-tumor immune
cell types were significantly accumulated in the low-risk group, including M1 macrophage, CDS8 T cell, and activated NK cell. It is
worth noting that our NLRs prognostic signature could serve as one of the promising biomarkers for predicting response rates to
immune checkpoint blockade (ICB) therapy. Furthermore, the results of expression validation (RT-qPCR and IHC) were consistent
with the previous analysis.

Conclusion: A promising NLRs signature with excellent predictive efficacy for SKCM was developed.
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Introduction

Skin cutaneous melanoma (SKCM) is the most severe dermatologic malignancy, and its incidence has increased
worldwide in recent years." SKCM accounts for 1% of all skin cancer patients, yet it is responsible for roughly 80%
of all skin cancer deaths.” Early-stage SKCM (localized or regional) can be surgically removed, and its 5-year survival
rate is over 95%. The primary treatment method for advanced SKCM is combination therapy, which may include
radiotherapy, chemotherapy, and targeted therapy; nevertheless, patient response rates to medication are low, and patients
seldom live more than a year.® The absence of established predictive indicators restricts the assessment of SKCM disease
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progression and effective clinical interventions for advanced patients.* Hence, searching for biomarkers that could be
effective in the prevention and early diagnosis is very important for SKCM.

When first discovered, nucleotide-binding and oligomerization domain-like receptors (NOD-like receptors, NLRs)
were considered essential effector molecules of the innate immune response. The majority of subsequent investigations
indicated that, as a class of intracellular pattern recognition receptors (PRRs), the NLRs family specifically identified the
pathogen-related molecular mode (PAMPS) and damage-associated molecular patterns (DAMPs), which are involved in
sensing intracellular pathogenic microbial infection and host apoptosis or damaged cells.’

The NLRs family proteins contain three main structural domains: a central oligomerization region with nucleotide
binding, a leucine-rich repeat domain at the C-terminal, and an effector domain at the N-terminal.® NLRs are mainly
distributed in mucosal epithelial cells, macrophages, dendritic cells, and neutral granulocytes. Activated NLRs proteins
induce the formation of inflammasomes and activate the NF-xB and MAPK signaling pathways, subsequently producing
various pro-inflammatory and antiviral cytokines and chemokines, such as IL-1 and IL-18, and stimulating the initiation
of acquired immunity.>’ However, many recent studies have shown that most NLRs proteins appear to negatively
regulate antiviral natural immune-related signaling pathways, including toll-like receptor (TLR), cyclic GMP-AMP
synthase-stimulator of interferon (cGAS-STING), retinoic acid-inducible gene I-like receptor (RLR) signal pathways.®

Emerging evidence suggests that NLRs have a dual regulatory role in tumor immunity.” On the one hand, immune
surveillance can prevent tumorigenesis. Also, NLRs can bridge the innate immune response and subsequent acquired
immune response to eliminate tumor cells and inhibit tumor progression.'® In contrast, chronic inflammation, which is
predominantly mediated by NLRs, is a crucial promoter of tumorigenesis. It has been well-proven that chronic
inflammation is a primary driver of tumor initiation, progression, and metastasis.'''* The signaling pathways down-
stream of NLRs, such as the NF-xB and inflammasome signaling pathways, are continuously activated to generate
multiple pro-inflammatory factors that induce chronic inflammation and promote tumorigenesis.'

Recent studies on the role of NLRs in tumorigenesis have primarily concentrated on colorectal, breast, prostate, and gastric
cancers, whereas relatively few studies have focused on NLRs in melanoma.” Zhai et al revealed that after the knockdown of
NLRPI expression in metastatic melanoma cell lines 1205Lu and HS294T, the activities of caspase-1, IL-1f, and NF-kB were
reduced, while the activities of caspase-2, —9, and —3/7 were increased, causing increased apoptosis in melanoma cells, indicating
that NLRP] is a pro-oncogene in melanoma.'* A Swedish case-control study demonstrated that polymorphisms in the NLRP3
(rs35829419) and NLRP! (rs12150220) significantly correlated with nodular melanoma susceptibility.'> In summary, current
researches on the regulation of melanoma by NLRs mainly concern single gene and lack an overall assessment of the NLRs
signaling pathway. Due to the hub function of the NLRs signaling pathway in tumor pathogenesis, this study aims to conduct
a comprehensive analysis of NLRs signaling pathway-related genes, which will help discover potential therapeutic targets for
SKCM.

Here, the RNA-seq profiles of SKCM and normal samples and accompanying various clinical data were system-
atically consolidated via the TCGA and GEO public databases. Using the obtained data, we attempt to construct and
validate a robust multi-gene signature for predicting patient outcomes and investigating NLRs’ effects on the SKCM
immune response and its mechanism.

Materials and Methods

Data Collection and Collation

Employing the “TCGAbiolinks” R package, the somatic mutation data, mRNA expression level from RNA-seq data
(FPKM, Fragments Per Kilobase Per Million), and the accompanying various clinical data of tumor and normal samples of
the TCGA Skin Cutaneous Melanoma (SKCM) cohort were collected. TCGA panimmune analysis (https://gdc.cancer.gov/

about-data/publications/panimmune) was the source of tumor mutational load, neoantigen load, and TCR diversity data.
Two independent SKCM patients cohorts (GSE54467, GSE133713) served as validation data sets, and their RNA-seq
profiles data and patients’ clinical data were gathered from the Gene Expression Omnibus (GEO) database (https://www.

ncbi.nih.gov/geo/). When multiple microarray probes were mapped to the identical gene, the R package ‘idmap1’ calculates
the median. The RNA-seq profiles and clinical materials of SKCM patients who received treatment with anti-PD1 (n=31
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samples) or anti-CTLA4 (n=10 samples) were also obtained from the GEO (GSE115821).'® Through the KEGG NLRs
signaling pathway in the MSigDB v7.4 database, an overall of 62 NLRs-associated genes were identified.

Construction and ldentification of the Gene Signature

The TCGA SKCM cohort was subjected to a univariate Cox regression analysis to discover NLRs-related prognostic
genes. The optimal candidate NLRs-related genes with the most suitable parameters were subsequently identified using
LASSO arithmetic. The risk score was developed by integrating these optimal candidate genes’ expression levels and
weighted them according to the LASSO coefficient as follows:

n
Score = Y. fixyi
i=0
Where i represents each gene’s coefficient, and yi indicates the relative expression quantity for every single gene
(FPKM). SKCM patients with high risk can be distinguished from those with low risk via the median risk score.

Assessment of Immune Cell Infiltration

SKCM patients’ immune score, stromal score, and tumor purity have been determined utilizing the ESTIMATE
algorithm (Estimation of STromal and Immune cells in MAlignant Tumour tissues using Expression data) from the
“estimate” R package.'” By applying the CIBERSORT algorithm (Cell type Identification By Estimating Relative
Subsets Of RNA Transcripts) with default parameters, we further investigated relative infiltration ratios for 22 distinct
immune cell types. The TCGA-SKCM patients’ leukocyte fraction was obtained via the TCGA panimmune data sets
(https://gdc.cancer.gov/about-data/publications/panimmune).

Comeparative Analysis of Cancer Hallmark Profiles

In order to compare the biological differences between low-risk and high-risk SKCM patients, the assessment for each
sample’s cancer hallmark features was implemented by ssGSEA (single sample gene set enrichment analysis) utilizing
the R package “GSVA”. The reference gene dataset “h.all.v7.2.symbols.gmt” for cancer hallmarks was selected from the
public resource “MSigDB”.

Clinical Specimens Collection

We collected 9 samples of SKCM and paracancerous fresh tissues exclusively from patients who underwent surgery. In
addition, paraffin-embedded sections were provided by 10 SKCM patients and 8 pigmented nevus patients who under-
went a biopsy procedure.

RNA Extraction and RT-qPCR

Trizol (Invitrogen, USA) was utilized to separate total RNA from SKCM and paraneoplastic tissues. The EVO M-MLV
Mix kit (Accurate, China) was applied for reverse transcription and cDNA synthesis. SYBR Green Premix Pro Tag HS
gPCR kit (Accurate, China) and the Roche Lightcycler 480 (Roche) were the kit and data analysis platform employed
during the RT-qPCR reaction procedure. The reaction volume was 10pL per well, which included SuL 2X SYBR Green

AACq

mixture, 1uL cDNA, 0.5uM each primer, and sterile distilled water. The 2— algorithm served to determine specific

mRNAs’ relative expression amounts. Primers involved in the RT-qPCR experiments are given in Table 1.

Immunohistochemistry (IHC)

The embedded paraffin tissue sections were first deparaffinized, hydrated, and blocked. The tissue sections were subsequently
exposed to primary anti-MAPK 10 antibody (1:400, Abcam, USA) overnight at 4°C. After incubating the sections with HRP-
conjugated antibody (DAKO, USA), a DAB color development kit (Beyotime, China) was applied to staining. Two
pathologists microscopically observed and recorded scores for all sections. Positive cell fraction was as follows: 0:0-5%;
1:6-25%; 2:26-50%; 3:51%-75%; 4: >75%. The scoring criteria for staining intensity were: score 0: unstained; 1: yellowish;
2: yellow to brown; 3: brown. Microscopically, the result of the staining intensity score multiplied by the fraction of positive
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Table | Primers Used in the Real-Time qPCR Assay

Gene Species | Amplicon Length (bp) | Primers (5'-3)
MAPKI0 | Human 139 For: CAGATGGAATTAGACCATGAGCG
Rev: TCAATGTGCAATCAGACTTGACT
PSTPIPI Human 169 For: CCAGACGGAGATCAACTCCCT
Rev: GACGGCCTCATACTTCTTCCT
NFKBIA Human 219 For: AAAGACGAGGAGTACGAGCAGAT
Rev: CAGGTTGTTCTGGAAGTTGAGGA
CASP8 Human 128 For: CATCCAGTCACTTTGCCAGA
Rev: GCATCTGTTTCCCCATGTTT
CARDI8 | Human 207 For: TGGGTGCAGGCACAATAAATG
Rev: TTGAGGCAAGTTGAGGGTCTT
XIAP Human 298 For: CAGACTATGCTCACCTAACC
Rev: CCAAAAGTAAAGATCCGTGC
ccLs Human 118 For: GCCCTCCAAGATGAAGGTTT
Rev: AAAGCAGCAGGTGATTGGAA
p-actin Human 73 For: GTGGCCGAGGACTTTGATTG
Rev: CCTGTAACAACGCATCTCATATT

cells was the immunohistochemical score. The immunohistochemical scores were finally classified into 4 grades: negative
(-):0; mildly positive (+): score 1—4; intermediate positive (++): score 5-8; extremely positive (+++): score 9—12.

Statistical Analysis

R software (version 4.1.2) was employed to analyze all statistical data. NLRs signature’s prognostic significance was
estimated by Kaplan-Meier curves and Log rank test using the R package “survminer”. The predictive presentation of
NLRs signature scores was calculated using the R package ‘tROC’. R package “corrplot” was adopted to analyze
Pearson’s correlation between the mRNA expression levels of 7 genes included in the NLRs signature and risk scores.
Wilcoxon-rank sum test was utilized to assess differences in continuous variables between two distinct groups. NS: not
significant; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

Results

Critical NLRs Signaling Pathway-Related Genes in SKCM

Multiple investigations have demonstrated that the mutations in genes related to the NLRs signaling pathway are
responsible for many diseases, including inflammation, autoimmune disorders, and multiple tumors.'®'® Among the
SKCM cohort from TCGA, several NLRs family members were found recurrently mutated. As shown in Figure 1A, we
depicted the genomic profile of the top 20 NLRs signaling pathway-related genes with higher somatic mutation
frequency. Most of the mutations were missense mutations. NLRPI/ and NLRP3 were the leading genes recurrently
mutated in over 10% of samples. They belong to the NLRP subfamily, which primarily mediates “inflammasome”
formation.” NODI and NOD2 encode cytosolic proteins, triggering signal transduction by activating NF-xB and
MAPK?' Tt has been reported that both could be involved in tumorigenesis and tumor progression of breast, lung, and
gastric tumors.”>** Mutations of NODI and NOD2 were spread in 3% and 5% samples, respectively, suggesting their
potential role in the development of SKCM.

Then we screened the candidate informative NLRs signaling pathway-related genes in SKCM through their prog-
nostic efficacy. Univariate Cox analysis revealed that 35 NLRs-associated genes were notably related to SKCM patients’
overall survival (OS). The top 19 significant genes (sorted by P-value) exhibited a protective role in SKCM (Figure 1B,
P< 0.01), including NLRs Family CARD Domain Containing 4 (NLRC4), chemokines (CCL5, CCLS), and apoptosis
regulator CASPS (P< 0.05, Figure 1C).
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Figure | Critical NLRs signaling pathway-related genes in TCGA SKCM cohort. (A) Genomic profile of top 20 NLRs signaling pathway-related genes with higher somatic
mutation frequency. (B) Forest plot showing the hazard ratio and p-value of the NLRs signaling pathway-related genes from univariate Cox regression analysis in the TCGA
cohort. (C) Kaplan-Meier curves for OS by expression of CCL8, CCL5, PSTPIPI, NFKBIA, BIRC3, NLRC4, IL18, and CASP8, where the median expression was cut-off.

Establishment and ldentification of the Prognostic NLRs Signature

The LASSO-Cox regression analysis was applied to remove redundant factors to establish a prognostic signature
comprised of critical genes connected with NLRs signaling pathways (Figure 2A and 2B). Based on the optimal value
of A, 7 genes were filtered out and constructed the prognostic signature. These 7 NLRs signaling pathway-related genes
were the most predictive factors for OS of SKCM patients, including CCLS, XIAP, PSTPIPI, NFKBIA, CASPS,
MAPKI10, and CARDIS8 (Figure 2C). The risk score of each SKCM patient was computed by utilizing the expression
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Figure 2 Construction of the prognostic NLRs-related gene signature in the TCGA cohort. (A) LASSO coefficient profiles of the prognostic genes. (B) Cross-validation for
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5-year OS.
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levels of the seven genes mentioned above. According to the median risk score, all SKCM patients were separated into
two distinct groups. Evidently, SKCM patients who had elevated risk scores exhibited a considerably reduced OS
compared to those with low-risk scores (Figure 2D and E). Kaplan-Meier survival analysis further compared the
noteworthy differences in OS between the two SKCM patient groups. (Figure 2G, P< 0.001). The expression patterns
of the 7 NLRs signaling pathway-related genes, constituting the prognostic signature, differed in the two groups.
CARDI18 and MAPK10 were up-regulated in SKCM patients of the high-risk group, whereas CCLS, XIAP, PSTPIP],
NFKBIA, and CASPS expression levels were elevated in the low-risk group (Figure 2F). NLRs signature’s predictive
efficiency was estimated through the time-dependent ROC curve. In years 1, 3, and 5, the AUC (area under the ROC
curve) for SKCM patients in the TCGA cohort reached 0.657, 0.666, and 0.678, respectively (Figure 2H).

In addition, we assessed the robustness and generalizability of the NLRs signature in two independent validation sets.
We calculated each patient’s risk score regarding the coefficients and expression levels of NLRs signaling pathway-
associated genes in the signature. We separated them into two groups as the TCGA SKCM cohort did. As expected,
SKCM patients in the high-risk group demonstrated considerably decreased OS versus the low-risk group. (log-rank
P-value = 0.021, 0.025 for GSE133713 and GSE54467, respectively, Figure 3A and B). It is worth noting that the
prognostic NLRs signature also exhibited outstanding predictive accuracy in the two validation sets (Figure 3C and D).
In years 1, 3, and 5, the AUC was 0.987, 0.780, and 0.820 for patients from GSE133713, respectively.

Independent Predictive Efficacy of the NLRs Signature and Its Association with

Clinicopathological Features

We also investigated the relationship between the NLRs signature and clinicopathologic features. SKCM patients older
than 60 years in the TCGA SKCM cohort had exceedingly higher risk scores as opposed to relatively younger patients
(P-value=0.022, Figure 4A). However, neither gender nor tumor stage was remarkably linked with the risk score
(Figure 4B and C).

Then, we carried out univariate and multivariate Cox analyses to further assess the NLRs signature’s unique
predictive ability. Univariate Cox analysis disclosed that the risk score (high or low), age (older than 60 or not), and
TNM stage (I/II or III/IV) in the TCGA SKCM cohort were notably associated with OS (P<0.001, Figure 4D).
Multivariate Cox analysis further determined the independent function of the NLRs signature as an indicator of
prognosis. (P< 0.001, Figure 4E).

Moreover, a graphic nomogram was developed for the potential clinical application of the NLRs signature. Based on
the tumor stage, age, and risk score, the 1-, 3-, and 5-year survival rates for SKCM patients may be forecasted
(Figure 5A). The calibration chart demonstrated that the nomogram’s predictive accuracy is in high agreement with
the actual observed results, underscoring the significance of this integrated nomogram in clinical applications
(Figure 5B). Furthermore, decision curve analysis (DCA) supported the predictive effectiveness of the NLRs signature
in clinical decision-making at 1, 3, and 5 years (Figure 5C). These results highlighted that the NLRs signature could
serve as a favorable predictive model for the long-term outcome of SKCM patients.

The NLRs Signature Characterized Differential Tumor Molecular Features
To further delve into the underlying pathogenesis of the established NLRs signature, we first checked somatic mutations
in different risk groups of the TCGA SKCM patients. Mutations of specific genes were commonly mutated in both high-
risk and low-risk tumors, including 77N, MUC16, BRAF, DNAHS5, and PCLO, with mutation frequency over 40%
(Figure 6A and B). Among them, MUC!6 mutations were comparatively prevalent in the low-risk group (69% vs 64%),
which corresponded to the previous findings that MUCI6 mutation could affect the prognosis of SKCM patients by
participating in the regulation of the distribution of tumor-infiltrating immune cell species and immune-associated signal
transduction pathways.**

In order to investigate cancer hallmarks connected to the NLRs signature, the ssGSEA activity scores of 50 cancer
hallmark pathways were computed for TCGA SKCM patients. Comparing SKCM patients with elevated scores, we
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Figure 3 Validation of the prognostic NLRs-related gene signature in the two independent validation cohorts. (A and B) Kaplan-Meier curves for the OS by risk groups for
GSEI33713 and GSE54467 datasets, respectively. (C and D) The ROC curves of the risk score in predicting |-, 3-, and 5-year OS in GSEI33713 and GSE54467 datasets,
respectively.

discovered that the low-risk group’s inflammatory response, interferon-o/y response, and complement pathways were
remarkably activated (Figure 6C).

The NLRs Signature Indicated the Heterogeneous Tumor Immune Microenvironment
To continue searching for the connection between the NLRs signature and immune response, we first assessed SKCM
patients’ general immune status. Leukocyte fraction was inversely related to the risk score (P<0.05, Figure 7A).
Outcomes of the ESTIMATE algorithm confirmed the negative association between the NLRs signature score and the
immune and stromal score of the tumor microenvironment (Figure 7B and C). Unsurprisingly, the tumor purity was
positively correlated with the NLRs signature score (Figure 7D). These results might explain the superior survival in the
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gender (B), and tumor stage (C) groups in TCGA SKCM cohort. Results of the univariate (D) and multivariate (E) Cox regression analyses regarding OS of risk score and

clinicopathological features in the TCGA cohort.

low-risk group, as it showed an activated immune response. Then we measured the relative infiltration ratios of 22

distinct types of immune cells by CIBERSORT. Significant accumulations of several anti-cancer immune cells, which

comprises CD8 T cell, activated NK cell, CD4 memory activated T cell, yo T cell, and M1 macrophage had been

observed in the low-risk group (cut-off criteria was the median value) (P<0.05, Figure 7E). In contrast, the majority of
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immune cells infiltrating the high-risk group were in a resting state, such as the MO macrophage, resting NK cell, resting
mast cell, and CD4 memory resting T cell. Notably, SKCM patients in the higher-risk group possessed higher levels of
M2 macrophage infiltration, which is consistent with its predominant immunosuppressive role in the tumor immune
microenvironment of SKCM.?*> Also, previous researches have demonstrated that a higher ratio of M1/M2 tumor-
associated macrophage may improve the prognosis for SKCM patients.”® 7 NLRs signature genes were connected
with 22 immune cell infiltration distributions, verifying the correlation between risk scores and tumor immune micro-
environment (Figure 7F).
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Figure 6 The NLRs signature characterized differential tumor molecular features in the TCGA cohort. (A and B) Oncoprint depicts the recurrent somatic mutations with
maximum mutation frequency in the different risk groups of the TCGA SKCM cohort. (C) The ssGSEA activity score of the 50 cancer hallmark pathways between the high-
and low-risk groups in the TCGA cohort.

Potential Clinical Application of the NLRs Signature in Immunotherapy

ICB therapy has achieved obvious clinical advantages in multiple tumor types, especially SKCM.?” In the TCGA SKCM
cohort, we observed a negative association between the NLRs signature score and several inhibitory checkpoints,
including CD274, PDCDI, and CTLA4, which were the targets of current ICB strategies (Figure 8A). Furthermore,
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Figure 7 The NLRs signature indicated the heterogeneous tumor immune microenvironment. Scatter plots depict the correlations between the risk score and leukocyte
fraction (A), stromal score (B), immune score (C), and tumor purity (D). (E) Comparison of 22 immune cell subtypes infiltration between high- and low-risk groups in
TCGA SKCM cohort. (F) Heatmap depicting the correlation between the 7 signature genes expressions, risk score, and the infiltration scores of 22 immune cells; *P < 0.05;
P < 0.01; ¥¥*P < 0.001; P <0.0001.

Abbreviation: ns, not significant.

the NLRs signature score also showed a slightly positive association with CD276 (Figure 8A). Higher mutation load and
neoantigen load were considered the biomarkers of clinical response for ICB,?® but they did not show significant
dissimilarity in the different risk groups (Figure 8B). On the contrary, there was a difference in T cell receptor (TCR)
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Figure 8 Potential clinical application of NLR signature in immunotherapy. (A) Scatter plots depicting correlations between the risk score and the expression of four
immune checkpoint genes (CD276, CD274, PDCD I, CTLA4). (B) Comparison of the mutation burden, neoantigen load, and TCR diversity by different risk groups. (C) Kaplan-
Meier curves for the OS of patients treated with ICB by different risk groups. (D) Distribution of the risk score between responders and non-responders. (E) The
proportion of responders and non-responders between the high- and low-risk groups.

clonal diversity between the two groups, with significantly higher TCR clonal diversity in the low-risk group, suggesting
T cell clonal expansion within the low-risk group (Figure §B).

To explore the potential application of NLRs signature in ICB therapy exhaustively, we computed the NLRs signature
scores in SKCM patients following the management of anti-CTLA4 and/or anti-PD1 antibodies (GSE115821). SKCM
patients with a lower score exhibited significantly prolonged OS (Figure 8C). Meanwhile, the NLRs signature score
differed between the response and the non-response group to ICB (Figure 8D). Patients with lower scores exhibited
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Abbreviation: ns, not significant.

a greater clinical response to ICB (Figure 8E). In summary, the prognostic NLRs signature for SKCM could also be
considered a promising biomarker for ICB therapy and probably supplement the effect of mutation burden.

Expression Validation of the NLRs Signature in Clinical Samples

SKCM tumor tissues exhibited elevated MAPKI10, XIAP, and CCLS8 expression levels, as determined by RT-qPCR.
PSTPIP1, NFKBIA, and CASPS were notably overexpressed in paraneoplastic tissues, whereas there was no dramatic
difference in CARDI8 expression between the two tissues (Figure 9A). According to the coefficient in the signature,
MAPKI0 tends to be a risk factor for SKCM, and the RT-qPCR result of MAPKI0 was also compatible with the
signature. Therefore, immunohistochemistry was utilized to compare the expression of MAPK10 protein in 10 patients
with SKCM and 8 patients with benign pigmented nevi. Immunohistochemistry findings suggested that MAPK10 protein
was predominantly localized in the cytoplasm (Figure 9C); the expression level of MAPKI10 was stronger in SKCM
tissues versus benign pigmented nevus tissues (Figure 9B).

Discussion
Here, we established and verified a necessary prognostic NLRs signature in the TCGA SKCM cohort and two external
GEO datasets. High-risk SKCM patients tended to experience a consistently poorer prognosis across all three cohorts. It
was evidenced that the NLRs signature was a separate risk indicator for SKCM prognosis. Additionally, the prognostic
ability of the nomogram derived from the constructed signature and clinicopathological factors for SKCM patients was
highly accurate. To date, a few gene signatures for assessing the prognosis of SKCM patients have been constructed.***
These multigene signatures originating from RNA-seq or RT-qPCR data exhibited strong prediction performance. At the
same time, it is still challenging for them to utilize effectively in clinical practice.

Recent studies underscore that several members of the NLRs family, which includes NODI, NOD2, NLRP3, and
NLRPI12, have an essential function in modulating intestinal inflammation and tumor development.m’32 Among seven
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genes used to construct the risk signature, CARDI8 (caspase recruitment domain family, member 18) was mildly up-
regulated in the asbestos-related lung squamous cell carcinomas tissue.>* MAPK10 (mitogen-activated protein kinase 10
gene) is an essential MAP kinase (MAPK) gene family member. MAPKI0 is a member of the c-Jun N-terminal kinase
family, which belongs to a subfamily of mitogen-activated protein kinases (MAPK). C-Jun N-terminal kinases are
involved in tumor cells’ proliferation, differentiation, and apoptosis.** Several studies have suggested that MAPKI0 is
highly expressed in gastric and ovarian cancers and is a prognostic risk factor for tumors.*> >’ Our investigation verified
the elevated expression of MAPKI0 in SKCM tumor tissues via RT-qPCR and IHC. CCLS8 (chemotactic cytokines 8)
expression correlated positively with M1 macrophages, and higher CCL8 expression had significantly longer overall
survival in SKCM, which may be attributed to the positive role played by M1 macrophages in anti-tumor immune
activity.>® PSTPIPI (Proline-serine-threonine phosphatase interacting protein 1 gene) has been linked to acne syndrome,
pyoderma gangrenosum, and pyogenic arthritis, with implications for inflammasome activation and overexpression of /L-
I and IL-18.%° Recent research has revealed that NFKBIA is one of the inhibitors of NF-kB and that the SNP rs1957106
CT and TT genotypes of NFKBIA are related to decreased NFKBIA expression in patients with malignant glioma and
may serve as a biomarker for poor prognosis.*’ CASP8 (caspase protease 8 gene) mediated cell apoptosis and inhibited
tumor progression by inducing PD-L1 degradation via upregulating TNFAIP3 expression in SKCM.*' XI4P (X-linked
inhibitor of the apoptosis protein gene) has been evidenced to be overexpressed in aggressive and metastatic melanoma
cell lines. XIAP performed a multifunctional pro-metastasis role and may be one of the candidate therapeutic targets for
SKCM. Currently, several compounds targeting XIAP have been developed and demonstrated promising anti-tumor
activities in preclinical studies, including Embelin, BV6, Smac mimetics, and LCL161.*>* These conclusions supported
their potential as a promising biomarker for SKCM.

In 2011, the USA FDA approved the anti-CTLA4 antibody for SKCM medication, marking a new stage of development in
tumor immunotherapy. Previous studies have shown numerous malignancies, especially SKCM and non-small cell lung cancer,
to be responsive to immunotherapy. Our investigation revealed the connection between the NLRs signature genes and the SKCM
immune environment for the first time. For the SKCM patients with lower scores, the inflammatory response, interferon-o/y
response, and complement pathways related to tumor immune response were dramatically more active than in the high-risk
group. Various anti-cancer immune cell types, consisting of CD8 T cell, M1 macrophage, activated NK cell, yo T cell, and CD4
memory-activated T cell, were also highly accumulated in the low-risk group. Thus, the tumor type of the low-risk group patients
can be defined as “hot tumors”.*® However, the majority of extensively infiltrated immune cells in the high-risk SKCM patients
were in a resting state. Also, the pro-tumorigenic M2-polarized macrophages were accumulated in the high-risk patients. Past
research highlighted its contribution to hypoxia induction, lymphangiogenic regulation, angiogenic, tumor cell proliferation,
immune suppression, and metastasis.*’ These findings suggested that the 7 genes comprising the NLRs signature may influence
SKCM patients’ prognosis by modulating the tumor immune microenvironment. Not surprisingly, this research also revealed that
low-risk SKCM patients responded more positively to ICB therapy.

Finally, external validation of the critical NLRs prognostic genes was implemented via RT-qPCR and IHC. Compared with
SKCM tumor tissues, PSTPIP1, NFKBIA, and CASPS8 expression levels were more elevated in paraneoplastic tissues by RT-
gPCR. On the contrary, the expression level of MAPK10 was higher in SKCM tumor tissues, as confirmed by RT-qPCR and
IHC. These results were consistent with the previous data analyses, indicating the validity of the signature.

Conclusion

In summary, a promising NLRs signature with excellent predictive efficacy for SKCM was developed. Further analysis
supported its potential effects in characterizing the tumor microenvironment of SKCM. Our research identified a new
possible prognostic and therapeutic biomarker for SKCM patients. For a comprehensive knowledge of the diagnosis,
prognosis, and mechanisms involved in SKCM, future studies should conduct more external validation of the key genes
in this study, such as IHC, and analyze the biological function of the 7 critical NLRs signature genes.
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