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Introduction: Skin cutaneous melanoma is becoming more dangerous since it has a poor prognosis and is resistant to treatment. 
Previous research has shown that lncRNAs and fatty acid metabolism are essential for numerous biological activities. There are no 
studies on the relationship between fatty acid metabolism-Related lncRNAs and skin cutaneous melanoma.
Methods and Results: In order to better understand the prognosis and survival of SKCM patients, we investigated the significance of 
lncRNAs related to fatty acid metabolism. In this work, we looked at the fatty acid metabolism genes and lncRNAs expression patterns. On 
the basis of lncRNAs associated with fatty acid metabolism, a nomogram and a prognosis prediction model were created. Based on the 
profile of lncRNAs associated with fatty acid metabolism, functional and pharmacological sensitivity investigations were also carried out. 
We also looked at the connection between immunotherapy and the immune response. The findings demonstrated that a risk score model 
based on 11 essential lncRNAs for fatty acid metabolism may discriminate between the clinical condition of SKCM and more accurately 
predict prognosis and survival. We conducted quantitative reverse transcription polymerase-chain reaction (RT-PCR) to verify the model.
Conclusion: These important lncRNAs further showed a strong association with the tumor immune system, and these important 
lncRNAs also showed a connection between SKCM and chemotherapeutic treatment sensitivity. Our research strives to provide fresh 
viewpoints and innovative approaches to the treatment and administration of SKCM.
Keywords: skin cutaneous melanoma, lncRNA, fatty acid metabolism, bioinformatics, tumor immune

Introduction
Skin cutaneous melanoma (SKCM), as one of the most aggressive types of cancer due to its elevated degree of 
heterogeneity, has gained increasing attention during the past few decades.1 Also known as “the cancer that rises with 
the sun”,2 melanoma originates from cancerous melanocytes due to molecular or genetic mutation. Currently, surgical 
excision remained the most effective approach, especially for patients with clinical stage II (dermal spread of the tumor) 
or III melanoma (regional lymph node spread).3 As for stage I, there were also data suggesting that expeditious treatment 
was associated with improved outcomes especially early initial biopsy,4 which emphasized the critical role which early 
detection and treatment played in the prognosis of SKCM. Recently, many approaches have been achieved in immu-
notherapy and targeted therapy. The FDA recently approved the use of ipilimumab, an antibody-mediated CTLA-4 
(cytotoxic T-lymphocyte-associated antigen-4) blockade, to treat metastatic melanoma. Programmed cell-death protein 1 
(PD-1) immune checkpoints were also widely used in clinical treatment.5 Longer follow-up was required to determine 
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the impact of CTLA-4-PD-1 inhibition, and more precise immunotherapy biomarkers also remained a huge urgent need, 
according to advanced randomized controlled trials undertaken to assess immune targeted treatment.6 Thus, it is of great 
importance to explore a deeper relationship between clinical phenotype and molecular pathways to discover more precise 
biomarkers and gene agents for early forecast and long-term prognosis in patients with SKCM.

Fatty acid metabolism, as one of the three major nutrient metabolisms, has been increasingly recognized in cancer 
development in recent decades.7 Apart from the well-known “Warburg effect”, the enhanced anaerobic metabolism even 
under the circumstance of sufficient oxygen supply due to the unbalance of urgent nutrition supply and the vigorous growth of 
cancer cells, dysregulation of fatty acids and amino acids have been verified to function in cancer cells development.8 

Additionally, research has shown that metabolic reprogramming, such as de novo fatty acid production and fatty acid 
oxidation, might be used for anticancer therapy by pharmacologically inhibiting cell growth.9 While how fatty acid 
metabolism influences SKCM and specific molecular pathways still remains a misery. At the same time, several publications 
have pointed out the crosstalk between fatty acid and lncRNA, which means non-coding RNAs of more than 200 
nucleotides.10,11 As a result of molecular biology advancements, more and more lncRNAs have been discovered to play 
crucial regulatory roles in the development of cancer, highlighting the significance of bioinformatics technique advancements 
in the role of lncRNAs in several clinical diseases, especially cancer.12 The tumor microenvironment (TME), which is made up 
of a variety of immune cells, stromal cells, and vessel system to influence the development of tumor cells and act as anti-cancer 
targets, is just one of the factors that could regulate the initiation, progression, and metastasis of cancer cells in addition to the 
link between fatty acid metabolism and lncRNAs.13 However, how TME correlates with lncRNAs to moderate fatty acid 
metabolism in cancer progression, especially in SKCM is still not fully illustrated.

Herein, we conducted a comprehensive evaluation and prognosis system to analyze how lncRNAs and immune 
infiltration moderate fatty acid metabolism to influence cancer development in patients with SKCM, and then provide 
potential immune checkpoints and therapeutic targets for clinical treatment.

Method
Data Acquisition and Processing
This study’s SKCM patients’ gene transcript, mutation, and clinical prognostic data were all retrieved from the TCGA 
database (The Cancer Genome Atlas, https://www.cancer.gov/ccg/research/genome-sequencing/tcga).470 samples of 
SKCM patients were eventually included in this analysis after samples with incomplete prognostic information or 
survival times of less than 30 days were disregarded. Training and test groups are created using random selection 
from these samples. The KEGG database was used to download genes linked to fatty acid metabolism (FAM), and a total 
of 92 genes that were confirmed to be involved in the FAM regulatory pathway were chosen for this investigation.

Identification of FAM-Related lncRNAs
According to the annotation file of lncRNA downloaded from the GENCODE database (https://www.gencodegenes.org/human/), 
we discovered 16773 lncRNAs. To further identify FAM-related lncRNAs that met the filter requirements (|R| 0.4 and p-value 
0.001), a Pearson correlation test was performed.

Construction of FAM-Related Risk Model
Univariate regression analysis was utilized in conjunction with patient prognostic data to identify the differential FAM- 
related lncRNAs linked with prognosis. Then, we used LASSO regression14 (R package “glmnet”) to perform 1000 
cycles of 10-fold cross-validation with a p-value of 0.05 and discovered 25 lncRNAs that were directly related to the 
prognosis of SKCM patients. Finally, an 11 FAM-related lncRNA risk model was created by multivariate regression 
analysis. We used the algorithm below to get the risk score.

The “survminer” program utilized the ideal cut-off value to categorize all patients into high or low risk subgroups for 
each SKCM patient using the aforementioned algorithm to determine risk level.
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Risk Model Testing and Evaluation
To determine if the risk model could be utilized as a standalone predictor of prognosis in SKCM patients, we conducted 
univariate and multivariate regression analysis, respectively, and built ROC curves using the R packages glmnet, 
survminer, and survival. We generated and presented 1-, 3-, and 5-year ROC curves altogether.

Survival Analysis and PCA Analysis
The “survival” package’s K-M analysis was used to compare the overall survival (OS) rates of two groups of SKCM 
patients. High-dimensional data may be effectively reduced in dimension via the use of principal component analysis 
(PCA) and t-distributed stochastic neighbor embedding (t-SNE).

Nomogram Construction
We merged the risk scores, age, gender, and TNM classification of SKCM patients to create a nomogram via “RMS” 
program, and to more effectively guide the clinical diagnosis and management of SKCM, we used the Hosmer– 
Lemeshow test to evaluate the degree of fit.

Tumor Microenvironment and Immunotherapy Analysis
Tumor mutational burden (TMB) in SKCM patients was assessed and calculated using the “maftools” R package. In 
addition, the immune cell infiltration status of different risk score groups was assessed using the CIBERSORT15 and 
ssGSEA algorithm, as well as TIMER (http://timer.comp-genomics.org/).16 TME scores and immunological checkpoints 
comparing samples of various risk categories were computed and compared using the ggpubr (version 0.4.0) R package 
in order to more properly depict the immune system alterations in SKCM patients.

Drug Sensitivity Analysis
The Genomics of Drug Sensitivity in Cancer (GDSC)17 platform and the R package pRRophetic (version 0.5) were used 
for calculation and visualization to determine the half-maximal inhibitory concentration (IC50) of each SKCM patient in 
relation to a common antineoplastic drug.

Functional Analysis
The GSEA analysis was conducted using software for gene set enrichment analyses (https://www.gsea-msigdb.org/gsea/ 
login.jsp) (p0.05 and FDR0.25 were considered statistically significant).18 Based on the different expressed genes 
between two different risk groups (identified by package “limma”, |Log2FC| > 1.0, p-value 0.05), Go and KEGG 
enrichment analyses were carried out using the DAVID online site (version 6.8), where pertinent annotations with p 0.05 
and FDR 0.05 were considered significantly different. In addition, Cytoscape (version 3.6.1) was used to build and 
display lncRNA-mRNA interaction networks.

Statistical Analysis
R program (Version 4.1.1) was used for all statistical analysis. To find the difference between the two groups, Student’s 
t-tests were used. The Log rank test was used to analyze differences between K-M curves. A p-value of 0.05 or below is 
considered statistically significant if there is no other explanation for the aforementioned approach.

Results
FAM-Related LncRNAs in SKCM Patients
The clinical characteristics of a total of 455 patients (228 in the training set, while 227 in the testing set) with SKCM are shown 
in Supplementary Table 1. The 92 (FAM)-related genes obtained from the KEGG data can be found in Supplementary Table 2. 
The FAM-related lncRNA co-expression network was displayed in the form of a Sankey diagram (Figure 1A), of which 488 
were identified as FAM-related lncRNAs (r>0.4, p < 0.001, Supplementary Table 3). The relationship between FAM-related 
genes and lncRNAs can be seen in Figure 1B.
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Figure 1 Identification of fatty acid metabolism-related lncRNAs in LUAD patients. (A) Sankey relation diagram for 92 fatty acid metabolism genes and fatty acid 
metabolism-related lncRNAs. (B) Heatmap for the correlations between randomly fatty acid metabolism-related genes and the 11 prognostic fatty acid metabolism-related 
lncRNAs, (P <0.05*.P <0.01**.P<0.001***).
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Risk Model Construction and Validation
By univariate COX regression analysis, 178 FAM-related lncRNAs were first screened (Supplementary Table 4). Further 
LASSO Cox analysis identified 25 lncRNAs highly correlated with SKCM prognosis (Figure 2A and B). Finally, 11 
FAM-related lncRNAs with the strongest prognostic predictive ability were identified by multivariate COX regression 
analysis (Figure 2C, Supplementary Table 5) for risk model construction.

The formula for the risk score is:
Risk scores = expression of LINC02635 × (1.33199216728219) + expression of DISC1FP1 × (0.511374903636262) + 

expression of AP001065.4 × (1.92788134463082) + expression of AL032819.1 × (0.905439316962729) + expression of 
LINC01871 × (−0.193074990172509) + expression of NNT-AS1 × (−0.291235901104001) + expression of AC099661.1 × 
(−1.35582401383763)+ expression of LINC02392 × (0.672054901141788) + expression of AC004264.1 × (−0.97049 
582156531) + expression of TPRG1-AS1 × (−1.64497380823641) + expression of AC120053.1 × (−0.357203764155365).

Based on the mean calculated by the above formula, we divided SKCM patients into high-risk group and low-risk group, 
and the differences in the expression of 11 hub lncRNAs in different samples are shown in Figure 2D. In the training set, the 
survival time of patients with different risk scores, distribution See Figure 2E and F, respectively. The K-M survival analysis 
showed that in the training set, the difference in the prognosis of different groups of patients was well differentiated according 
to the risk score (Figure 2G). PCA analysis and the t-SNE test suggested better component heterogeneity within the training set 
(Figure 2H and I).

Correspondingly, Figures 3 and 4 show the results of applying the risk model to the testing and entire sets. The survival 
time/status of patients with different risk scores in these sets, and the differences in the expression of 11 hub lncRNAs between 
high- and low-risk patients are shown in Figures 3A–C and 4A–C, respectively. K-M survival analysis showed that the risk 
score model still had a good ability to predict the prognosis of different risk subgroups in the testing set (p < 0.05, Figure 3D) as 
well as the entire group (p < 0.001, Figure 4D). PCA analysis and tSNE test suggested that the samples in the testing and entire 
set had good intergroup heterogeneity (Figures 3E, F and 4E, F).

Nomogram and Independent Prognostic Factor Analysis
We carried conducted univariate and multivariate Cox regression analyses, respectively, to investigate the independent predictive 
potential of risk models and other clinical factors for patient outcomes. Age, T/N grade, clinical stage, and risk score were all 
identified as prognostic markers for SKCM patients by univariate Cox regression analysis (HR=1.194(1.134–1.257), p<0.05, 
Figure 5A), and additional multivariate Cox regression analysis demonstrated that the risk score was a valid independent 
predictor of prognosis in SKCM patients, with a greater degree of confidence in the prediction outcomes than other clinical 
parameters. (HR=1.208(1.141–1.278), p<0.001, Figure 5B). The same illustration are also shown in the ROC curves, which the 
AUC of risk score model at 1, 3, 5-years were 0.828, 0.787 and 0.808 (Figure 5C). The overall AUC of the Risk score model was 
also higher than other clinical characteristics (Figure 5D) as same as what the C-index curve shown (Figure 5E). As for the 
nomogram (Figure 5F), its accuracy was high enough between the actual observed and predicted values (Figure 5G), which also 
show an exciting predictive power verified by the DCA cure at 1, 3, 5-years, respectively (Figure 5H–J).

In addition to the longitudinal validation of the risk model, we also performed a horizontal comparison of the risk 
models constructed using all genes, FAM-related genes, all FAN-related lncRNAs, and 11FAM-related lncRNAs using 
PCA analysis to demonstrate the truthfulness of our key lncRNA risk model predictions performance and accuracy 
(Figure 6A–D).

Using various clinical feature groups based on risk score grouping, we conducted the K-M analysis to further 
demonstrate the validity of our model. Patients in the low-risk category had a better prognosis than those in the high-risk 
group, according to the findings (Figure 7).

Somatic Mutation Landscape
The mutation rate in the high-risk group was comparatively low (87.89%, Figure 8A and B), compared to the low-risk 
group’s somatic mutation rate of 96.07%. As a result, the high-risk group had a lower TMB (Figure 8C). TMB in SKCM was 
shown to be negatively connected with risk score by correlation analysis (Figure 8D). This suggests that the risk scores of 
SKCM patients are closely related to TMB. Interestingly, TMB score can differentiate the prognosis of patients, high TMB 
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Figure 2 Construction and validation of risk model in the training set. (A, B) Altogether 19 lncRNAs were selected by LASSO regression. (C) Multivariate Cox regression 
analysis showed 11 independent prognostic lncRNAs. (D) Heatmap to show the expression of 11 lncRNAs between high- and low-risk groups in the training set. (E-F) 
Different patterns of survival status/time and distribution of sample risk score between the high-risk and low-risk groups in the training set. (G) Kaplan–Meier curve of high- 
risk and low-risk patients in the training set. (H) PCA analysis. (I) tSNE tses.
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tends to have a better prognosis (Figure 8E), based on this, we found that using risk score, we can further subdivide patients 
with TMB score grouping, the same high TMB Patients with different risk scores can also distinguish differences in 
prognosis (Figure 8F), which indicates that our risk score model is a more accurate evaluation model than TMB.

Immune Signature Analysis Based on FAM-Related lncRNAs
The immunological score reveals that the stromal, immune, and ESTIMATE scores are lower in the high-risk group 
(Figure 9A–C). Based on the CIBERSORT algorithm, Figure 9D and E shows the proportion of 22 immune cells in 

Figure 3 Validation of prognostic FAMs-related lncRNA signature. (A-C) The survival time/status, risk score, and (C) heatmap for the testing set. (D) Kaplan–Meier curve 
for the testing set. (E-F) PCA and tSNE test for the testing set.
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different risk groups in the SKCM sample. Supplementary Table 6 has comprehensive data. Additional ssGSEA 
immunoassays revealed that samples from the high-risk group exhibited greater variety and less immune cell infiltration, 
including CD8+ T cells, neutrophils, and NK cells. In comparison to the low-risk group, the immune system’s activity 
was also decreased (Figure 9F, G. Supplementary Table 7). According to the aforementioned findings, patients who were 
at a greater risk of developing SKCM had more severe immunosuppression.

Figure 4 Validation of prognostic FAMs-related lncRNA signature. (A-C) The survival time/status, risk score, and (C) heatmap for the entire set. (D) Kaplan–Meier curve 
for the entire set. (E-F) PCA and tSNE test for the entire set.
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AUC(1 year ):0.828
AUC(3 years):0.787
AUC(5 years):0.808

Figure 5 Independent prognostic factors and construction of the nomogram. (A) Univariate analysis of the clinical characteristic and risk score. (B) Multivariate analysis of 
the clinical characteristic and risk score. (C-D) The risk model predicts the probability of the 1-, 3-, and 5-year OS and compared it to other clinical features. (E) The 
calibration plot of the nomogram indicates the probability of the 1-, 3-, and 5-year OS, Concordance indexes of the risk score and clinical features. (F) The nomogram. (G) 
The accuracy of nomogram prediction at 1-, 3-, and 5-years. (H-J) The DCA of the nomogram at 1-, 3-, and 5-years.
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Intriguingly, we discovered that CD8+ T cells and M1 macrophages could accurately predict the prognosis of patients in 
different risk groups when using the immune cell infiltration fraction (Figure 9H and I), but the ssGSEA results revealed that total 
macrophage infiltration did not differ between high- and low-risk groups, which may be due to different macrophage subtypes.

Clinical Immunotherapy Analysis
Anti-tumor medications have progressively become more varied as a result of recent in-depth study on tumor immunol-
ogy, yet tumor resistance has always been an important problem in clinical therapy. Drug sensitivity study revealed that 
patients with SKCM in the high-risk group had higher IC50s for five anticancer medications, including ATRA and 
AS601245, suggesting that these medications may be clinically less efficacious for these patients. A.770047, AZ628 and 
AUY922 on the other hand, had larger IC50 in the low-risk group, suggesting that these three medications may be better 
suited for the treatment of high-risk SKCM patients (Figure 10A). To explain the different drug susceptibility perfor-
mances, we explored the correlation between drug sensitivity and hub lncRNAs (Figure 10B, Supplementary Table 8), 
and the results showed that these 11 FAM-related lncRNAs were associated with multiple drug resistance There was 
a correlation between them, with the highest positive correlation with Procarbazine (r=0.413) and the most negative 

Figure 6 PCA analysis depends on different gene risk models. PCA between the high-risk and low-risk groups based on (A) all genes, (B) FAM-related genes, (C) all FAN- 
related lncRNA, and (D) eleven FAM-related lncRNA risk models.
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Figure 7 Kaplan–Meier curves of OS difference stratified by SKCM age (>65 (A) or <=65 (B)), gender (female (C) or male (D)), grade (I–II (E) or III–IV (F)), and TNM 
stage (T1-2 (G) or T3-4 (H)) between the different sub-group in the entire set.
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correlation with Ironfulven (r=−0.417). Immediately thereafter, the immune checkpoint score results of different risk 
groups also suggested that the low-risk group had more extensive immune checkpoint hyperresponsiveness (Figure 10C), 
which may explain why multiple antitumor drugs are more effective in the treatment of patients in the high-risk group.

Functional Analysis
We carried out matching functional enrichment analysis to thoroughly investigate how FAM-related lncRNAs have 
biological impacts. We carried out matching functional enrichment analysis to thoroughly investigate how FAM-related 
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Figure 8 TMB analysis. (A, B) The waterfall plot of somatic mutation features established with high- and low-risk groups. (C) Tumor mutation burden in the high-risk and 
low-risk groups. (D) The correlation between risk score and TMB. (E-F) Kaplan–Meier curve of the OS among the high- and low- TMB groups.
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lncRNAs have biological impacts. The findings of Go analysis revealed that alterations in T cells and B cells were among 
the immunological processes affected by SKCM (Figure 11A), and the KEGG results suggested that humoral immune 
pathways were substantially linked with the illness (Figure 11B). In the high-risk group, the oxidative phosphorylation, 
glyoxylate, and dicarboxylate metabolic pathways were considerably altered, according to the findings of the GSEA 

Figure 9 Immune infiltration discrepancy in different risk groups. (A-C) The TME scores between high- and low-risk groups. Heatmap of 22 tumor-infiltrating immune cell 
types in low- and high-risk groups (D). Bar chart of the proportions for 22 immune cell types (E). (F, G) The differences between the immune cell populations (F), and 
immune functions (G) between high risk and low risk group using the ssGSEA algorithm,(H-I) Analysis of the combined immune cells’ survival,(P <0.01**.P<0.001***).
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Figure 10 Clinical application of the risk signature. (A) IC50 of anti-tumor drugs among different subgroups. (B) Drug susceptibility correlation analysis. (C) Immune 
checkpoint analysis, (P <0.05*, P <0.001***).
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Figure 11 Functional analysis. (A) Top 10 classes of GO enrichment terms. (B) Top 30 pathways of KEGG enrichment terms. (C) Top 4 GSEA terms in high-risk group. (D) 
Top 4 GSEA terms in low-risk group. (E) lncRNA risk subgroup analysis. (F) Cytoscape of lncRNA–mRNA interaction network.

Clinical, Cosmetic and Investigational Dermatology 2023:16                                                                  https://doi.org/10.2147/CCID.S417805                                                                                                                                                                                                                       

DovePress                                                                                                                       
3609

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


enrichment analysis (Figure 11C), but in the low-risk group, the JAK-STAT signaling pathway was more dramatically 
altered (Figure 11D). In addition, we also explored the role of these 11 FAM-related lncRNAs on the prognosis of 
patients at the molecular level. Among them, 6 lncRNAs, including AL032819, AP001065.4, etc., were risk factors for 
SKCM, and the remaining 5 lncRNAs played a protective role, which is consistent with the calculated coefficients of our 
risk model (Figure 11E), and the construction of ceRNA network further explains how these lncRNAs interact with 
mRNAs and ultimately affect SKCM progression (Figure 11F).

qRT-PCR Validation of Optimal Feature Genes
We examined the relative expression of four optimal feature genes in A857 cell melanoma line and fibroblast cell line 
(n=9) Compared to fibroblast cell line (n=9), the expression of LINC02635, AL032819.1 and LINC02392 (Figure 12) 
were significantly up-regulated in A857 cell melanoma line (all P < 0.05), which was in line with the bioinformatics 
analysis. Compared to fibroblast cell line, the expression of DISC1FP1 (Figure 12) no significance in A857 cell 
melanoma line (P > 0.05).

Discussion
Among all organs of our human being body, skin is the most special and largest one, and melanoma remains one of the most 
malignant and aggressive cancers.19 Along with the increasing incidence, different treatment methods are gradually applied 
according to histological and pathological stages to provide a better prognosis. Differing from simple surgical excision for 
stage I, advanced SKCM mainly focused on immunotherapy and target therapies that have enhanced survival sharply and 
more specific biomarkers are warranted.20 Present investigated risk factors include females under 40 years old, males over 75 
years old, exposure to ultraviolet rays, melanocytic nevi, family history, and genetic susceptibility.21 Although biopsy remains 
the golden standard, early non-invasive detection and treatment techniques are still lacking. According to a recent phase II trial 
of 30 patients with melanoma in Japan, the response rate of nivolumab and ipilimumab combination therapy is just 40%.22 

This phenomenon that a lack of effective detection and therapy methods makes SKCM an urgent affair. When it comes to 
molecular mechanisms related to biomarkers, numerous data have demonstrated that fatty acids and lncRNAs have played 
a vital role in the development of SKCM, along with immune infiltration, especially in macrophages and T cells.23 However, 
the specific pathways and mechanisms are still not fully illustrated.

Thus, based on the above characteristics, we conducted a comprehensive diagnosis and prognosis risk model to 
evaluate the fatty acid-related lncRNAs in patients with SKCM with the technique of bioinformatics and RNA- 
sequencing profiling, exploring the crosstalk between fatty acid metabolism and immune infiltration along with TME, 
especially tumor-infiltrating T lymphocytes (TILs) and macrophages. The aim of this investigation is to explore novel 
biological targets and immunotherapeutic approaches for clinical treatment in patients with SKCM.

In our study, we analyzed gene sets and multivariate Cox analysis found that 11 hub genes were associated with fatty 
acid-related lncRNAs in SKCM patients. Of course, the majority of them were not found in previous studies, while 

Figure 12 The relative expressions of optimal feature genes were validated by qRT-PCR. The expressions of DISC1FP1, LINC02635, AL032819.1, LINC02392 between 
A857 cell melanoma line and fibroblast cell line. Statistic tests: Student’s t-test (P <0.001***.P<0.0001****).
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several researchers have reported similar results to our investigation at some level. Disrupted-In-Schizophrenia 1 
(DISC1) co-segregates with schizophrenia, bipolar disorder, and depression, which was also a risk factor, according to 
Jennifer E Eykelenboom et al.24 As a crucial gene involved in the development and maturation of neural precursors, 
neuronal migration and integration, and synaptic signaling in the adult and developing brain.25 Other researchers have 
found similar results that DISC1 acts as an important regulator of the central neuron system,26–28 however, the function 
of DISC1 in patients with SKCM has not been investigated, which needs further researches to explore certain 
connections. As for gene LINC01871, previous similar researchers have found that it was a significant autophagy- 
related gene in breast cancer29,30 as well as a critical immune-related regulator in breast cancer and human endometrial 
cancer,31,32 which unfolded that it could function through autophagy and immune infiltration in SKCM as well. Further 
studies should explore certain crosstalk or co-expression pathways to solve our proposal. Then, we searched the gene 
TPRG1-AS1 and found that it could promote heterogeneous liver cancer progression by sponging miR-4691-5p and miR- 
3659 to interfere with their binding to RBM24.33 When it comes to gene NNT-AS1, there were more investigations about 
its function in cancer, like lung squamous cell carcinoma,34 prostate cancer,35 cervical cancer,36 glioma,37 and bladder 
cancer.38 Altogether, these researches have illustrated various functions of lncRNAs in cancer development, while, the 
specific pathways in SKCM remain a misery and need further investigation.

After that, we performed a concrete gene set enrichment analysis, and the KEGG bubble diagram showed that these 
fatty acid-related lncRNAs mostly function via immune response-activating signal transduction and cell surface receptor- 
signaling pathways. A more in-depth heatmap revealed that the high-risk subgroup had significantly lower expression 
levels of HLA, immunological checkpoints (ICP), T cell co-stimulation, CCR, MHC class I, and type I IFN response, 
suggesting that immune infiltration and inflammation may have some bearing on the development of SKCM.

Then, the K-M survival curve in subgroups with high- and low-expression CD8 (+) T cells revealed that the probability 
of survival was significantly higher in the former group, supporting earlier studies’ findings that infiltration of CD8 (+) 
T cells had a significant prognostic value in patients with melanoma.39 Previous studies in mice have shown that CD8 (+) 
T cells and interferon (IFN-) were responsible for the upregulation of indoleamine-2,3-dioxygenase (IDO) and PD-L1 in the 
TME of patients with SKCM.40 Further, Kexin Yanet al identified that 9 essential genes were associated with CD8 (+) T cell 
infiltration which was closely related to IFN-γ gene function.41 The hypoxia-inducible factor-1 (HIF-1) pathway is in fact 
activated by regions of hypoxia in melanoma, and HIF-1 expression increases in response to T cell activation.42 However, 
detailed mechanisms still need further exploration.

Along with CD8 (+) T cells, we also looked at the likelihood of survival with respect to macrophage M1 expression 
and discovered that the high-expression subgroup had a greater survival rate than the low-expression subgroup. The 
majority of tumor types include M2-like cells, which may be classed as either tumoricidal M1 or tumor-supportive M2 
activation phenotypes in macrophages.43,44 In the early stage of SKCM development, M1-recruited macrophages shift to 
the M2 phenotype and function as a tumor-promoting factor.45 Research has previously shown that the combination of an 
antiangiogenic medicine with an immunostimulatory agent causes repolarization from an M2-like to an M1-like 
phenotype, which alters the blood vessel structure of tumors, enhances the effectiveness of chemotherapy, and results 
in tumor growth regression.46 Meanwhile, Sang Min Park et al showed that interleukin-9 (IL-9) might suppress lung 
metastasis of melanoma in C57BL/6 mice by boosting the polarization and proliferation of M1 macrophages.47 All 
together verified the function of M1-like macrophages in cancer development and provide a potential therapeutic target 
for clinical treatment.

There are still several limitations to our investigation. Firstly, as a bioinformatics analysis due to its innate short-
comings, our data were downloaded from a database which needs further cellular or animal experiments to verify our 
results. Secondly, there would exist several sampling biases like sex, age, and complications which were not included in 
our research. Therefore, further detailed confirmatory experiments are of great importance.

The analysis of the association between fatty acid metabolism-related lncRNAs and immune infiltration in patients 
with SKCM was done using a comprehensive diagnosis and prognosis risk evaluation model. This analysis showed the 
potential role of CD8 (+) T cells and M1-like macrophages in the initiation, progression, and metastasis of cancer. It also 
provided potential therapeutic targets for clinical treatment.
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Conclusion
Overall, we constructed a melanoma cell prognosis model based on fatty acid metabolism, in which lnc RNA 
(LINC02635, AL032819.1 and LINC02392) plays a key role, indicating that they provide new potential targets for 
diagnosis and maybe progression of SKCM thus leading to improved outcomes. Different from other similar studies, we 
used more fatty acid metabolism-related methods analyse to enhance the accuracy of gene screening, and focused on 
exploring the specific genes that have the most obvious impact on SKCM. It can also provide more accurate direction 
guidance for future SKCM research. Overall, our research aims to provide new ideas and directions for clinical diagnosis 
and precise treatment management of SKCM.
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