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Immune-related lncRNAs (LncRNA) play an essential role in tumorigenesis and progression, and 
sought to develop an immune-related lncRNA signature to assess the value of immune-related lncRNAs 
to discover their prognostic values. RNA-seq and clinical information were obtained from the Cancer 
Genome Atlas (TCGA) database, which aims to screen for immune-associated lncRNAs based on 
constructing a risk scoring formula. Besides, in virtue of univariate and multivariate Cox regression, 
immune-associated lncRNA signatures formed its structure. In addition, in virtue of gene ontology (GO) 
and KEGG pathway enrichment analysis genes were given functional identification. In total, there were 
102 differentially expressed immune-related lncRNAs which were identified, and there were four genes 
(USP30-AS1, U62317.1, ZEB1-AS1 and MIR205HR) which were screened from the gene signature to 
form a prognostic signature model. Based on the survival analysis results, patients with high-risk scores 
had poor survival outcomes. To conclude, we constructed a predictive signature of four immune-related 
lncRNAs, which can provide assistance for prognosis prediction and immunotherapy of SKCM.

INTRODUCTION

Skin cutaneous melanoma (SKCM), which originates 
from melanocytes in the epidermis, is the most common 

subtype of melanoma (Schadendorf et al., 2018; Leeneman 
et al., 2021). Most melanomas that are limited to the primary 
site have a good outcome. However, the median survival 
for malignant melanoma is only six months, accounting 
for 75% of skin cancer deaths (Arslanbaeva and Santoro, 
2020; Kumar et al., 2021). Because malignant melanomas 
exhibit very diverse clinicopathological and cytological 
changes, it can be difficult to identify some unusual 
malignant melanomas based on pathological variants 
alone (Cabrera and Recule, 2018). Early identification of 
aggressive melanoma is essential for developing treatment 
strategies and predicting disease progression (Eisenstein 
et al., 2018).
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Long non-coding RNA (lncRNA) is a type of RNA 
without an open reading frame and does not encode proteins, 
which transcript length is more than 200 nucleotides 
(Wang et al., 2020). By interacting with proteins, RNA, 
and DNA in different cellular environments and biological 
processes, lncRNAs can regulate the expression of nearby 
genes or genes in other parts of the cell. Recently, research 
in oncology has focused more on the role of LncRNA in 
various types of cancer, including SKCM. For instance, 
CASC2, LINC00961, LINC00459, and MEG3 have been 
shown as tumor-suppressor lncRNAs in melanoma cancer, 
while SLNCR1, ANRIL, and SAMMSON exert their 
oncogenic function (Chen et al., 2020).

Since the incidence of cutaneous melanoma is 
increasingly growing, it has become more critical to 
predict the outcome of the disease. Therefore, we used 
the TCGA dataset to develop a prognostic model for 
SKCM. Moreover, we explored the relationship between 
the screened LncRNA and SKCM, which can analyze 
its diagnostic effectiveness, chemotherapy efficacy, and 
tumor immune infiltration.

MATERIALS AND METHODS

TCGA dataset and clinical information of patients with 
SKCM

Gene expression quantification data and 
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corresponding clinical information were acquired from 
The Cancer Genome Atlas (Li et al., 2021) (https://
portal.gdc.cancer.gov/), such as age, gender, tumor stage, 
survival information, etc. Import the downloaded data into 
the Perl script for sorting and conversion, and got the gene 
expression matrix of the above sample.

Identifying immune-related and critical lncRNA
We obtained the immune-related genes from Gene Set 

Enrichment Analysis (GSEA) website (Yu et al., 2020). 
The overlapping genes of TCGA data set and immune-
related lncRNAs are screened by immune gene-lncRNA 
co-expression method and correlation analysis in the R 
software (version 3.6.2).

Prognostic immune-related lncRNAs screening
The differential gene expression data and patient 

survival data were combined into an expression matrix 
by R language, and duplicate samples in the obtained 
expression matrix were excluded. Then a univariate Cox 
regression analysis was performed by the “survival” 
package in R language with a screening criterion of P 
<0.01.

Establishment of immune-related lncRNA signature model
The first 30 lncRNAs selected were analyzed 

by a multivariate Cox model, and the risk model was 
constructed with risk value = ∑ (gene coefficient × gene 
expression amount). Based on the median risk value, 
patients were divided into high-risk groups and low-risk 
groups (Sun et al., 2021).

Validation of the risk score model and establishment of the 
signature for prognosis prediction

Kaplan-Meier curve analysis to estimate the survival 
difference between high-risk and low-risk groups. R 
package survival ROC was used to assess the sensitivity 
and specificity of the lncRNA prognostic model.

Principal components analysis
Principal Components Analysis (PCA) was used to 

analyze the different Inc-RNA expression patterns between 
low-risk and high-risk groups (Groth et al., 2013).

Gene set enrichment analysis
GSEA is a calculation method that assesses statistical 

differences in genes between groups (Zhang and Huang, 
2020). The enrichment map is used to visualize GSEA.

GO and KEGG enrichment analyses
To validate the biological functions of the screened 

lncRNAs. We used R software’s ClusterProfiler package to 

conduct GO enrichment and KEGG enrichment analyses.

RESULTS

Identification of differentially expressed lncRNAs
Fragments per kilobase per million (FPKM) 

normalized expression used as the RNA-seq results of 
471 SKCM samples and one normal sample obtained 
from TCGA. One hundred two differentially expressed 
lncRNAs were identified by median mapping, of which the 
first 31 are displayed in Supplementary Figure S1. Then, 
all the above immune-related lncRNAs were analyzed by 
multivariate Cox regression analysis (P <0.05); 4 immune-
related LncRNAs risk evaluation models were established. 
(Fig. 1).

Fig. 1. Prognostic model of 4-LncRNA by multifactorial 
analysis. The red box represents the adverse prognostic 
factor; Blue box represents the favorable prognostic factor.

Validation of the 4 immunes-related lncRNAs signature 
for survival prediction

We calculated the risk score for each sample based on 
the expression of 4 IRlncRNAs: risk score= (-0.487029792* 
expression value of USP30-AS1)+(0.465302409 expres-
sion value of MIR205HG)+(-0.709815123* expression 
value of U62317.1)+(-0.378677217* expression value of 
ZEB1-AS1). Optimal cutoff values for risk scores were 
calculated using the survminer software package. Patients 
were divided into high-risk and low-risk groups. Figure 
2A, B demonstrate the risk score and survival rate for each 
case. The heatmap shows that MIR205HG had the high-
est expression in the high-risk group, while the remaining 
nine lncRNAs had moderate to high expression levels in 
the low-risk group (Fig. 2C). Kaplan-Meier plots showed 
that patients with high-risk scores had a worse probability 
of OS (Fig. 2D).
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Fig. 2. Construction and validation of the 10 survival-
related immune lncRNAs signature for survival prediction. 
(A) The risk score of each patient. (B) The scatter plot 
of the sample survival overview, the green and red dots 
respectively represent survival and death. (C) The heatmap 
showed the 10 differentially expressed lncRNAs. (D) 
Kaplan-Meier plot for overall survival (OS) based on 
risk score of the 4 gene-based signatures of patients with 
primary SKCM in the TCGA cohort.

Clinical evaluation by risk assessment model
We used univariable and multivariable Cox proportion 

hazard regression models for clinical evaluation of risk 
assessment models. The analysis showed that age (HR= 
1.012, P < 0.05), T-stage (HR= 1.433, P < 0.001), N-stage 

(HR= 1.728, P < 0.001), and risk score (HR= 1.459, P 
< 0.001) were significantly associated with OS in the 
univariable COX regression analysis (Fig. 3A). Similarly, 
risk group (HR= 1.592, P < 0.001), age (HR= 1.012, P < 
0.05), grade (HR= 1.602, P < 0.001) T-stage (HR= 1.433, 
P < 0.001) and N-stage (HR= 1.728, P < 0.001) maintained 
their prognostic values in multivariate stepwise cox 
regression analysis (Fig. 3B). Also, we compared the 5-year 
ROC curves with other clinical characteristics (Fig. 3C). 
The results showed that the area under the ROC (receiver 
operating characteristic) curve (AUC) was greater than 0.5. 
We further analyzed the expression of the first 6 candidate 
lncRNAs in relation to different clinicopathological factors 
(eg. T, N, M, stage 7 AJCC staging, molecular typing, 
etc.). Our results confirmed that AP003392.1 (p < 0.01), 
AL022316.1 (P< 0.001), LINC01315 (p < 0.05), and 
AL161785.1 (p < 0.001) were differentially expressed 
between different T grades (Fig. 3D).

Fig. 3. Correlations between risk score of the 10 immune-
related lncRNA-based model with clinicopathological 
characteristics. The Cox regression analysis for evaluating 
the independent prognostic value of the risk score. 
Univariate (A) and multivariate Cox regression analyses 
(B). (C) A comparison of 5-year ROC curves with other 
common clinical characteristics. (D) The box-plot showed 
that The box-plot showed that there were statistical 
different expressions of the candidate immune-related 
lncRNAs in T stage.

PCA analysis
Information on a total of 471 patients was obtained 

from the TCGA database, and samples with survival less 
than 30 days were excluded and included in the PCA 
analysis. Figure 4A shows the PCA results for all 56753 
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genes, and Figure 4B shows the PCA results for 10 immune-
related genes. The high-risk and low-risk populations are 
indicated by red and green dots, respectively. PCA analysis 
of the samples from the TCGA dataset showed significant 
differences between the samples after RS clustering before 
and after correction.

Fig. 4. PCA analysis. (A) all genes; (B) immune genes; (C) 
immune LncRNAs; (D) risk genes. Red and green dots, 
respectively, represent the high-risk and low-risk groups.

GSEA for functional annotation of the immune-related risk 
signature

Gene set enrichment analysis for functional annotation 
was performed using GSEA software. The results showed 
a further enhancement of immune response and immune 
effector processes in the low-risk population compared to 
the high-risk population (Fig. 5).

GO and KEGG enrichment analyses for the differentially 
expressed genes between the high-risk group and the low-
risk group

In order to further explore the potential functions of 
the prognostic model, we performed differential expression 
mRNA analysis on the high-risk and low-risk groups. 
Biological processes (BP), cell components (CC), and 
molecular functions (MF) all reveal that they are closely 
related to tumor immunity.

The top three GO terms for the biological processes 
were MHC class II protein complex binding, chemokine 
receptor binding, and cytokine binding. The top three GO 
terms for the cellular components were clathrin-coated 
vesicle, coated vesicle membrane, and endolysosome 
membrane. The top three GO terms for molecular 

functions were endolysosome membrane, lymphocyte 
differentiation, and positive regulation of interferon-
gamma production (Fig. 6A).

Fig. 5. Gene set enrichment analysis (GSEA). Immune-
related genes were screened out utilizing GSEA in immune 
system process gene sets. GSEA was made utilizing 
immune system process gene sets (A) and immune 
response gene sets (B).

KEGG pathway analysis confirmed that primary 
immunodeficiency, hematopoietic cell lineage and 
cytokine-cytokine receptor interaction are the most 
significant enrichment pathways (Fig. 6B). KEGG pathway 
analysis confirmed that primary immunodeficiency, 
Hematopoietic cell lineage and cytokine-cytokine receptor 
interaction are the most significant enrichment pathways 
(Fig. 6B).

DISCUSSION

At present, it is universally acknowledged that the 
diagnosed melanoma has been on the increase, which 
might result from the number of people who have to work 
outdoors has been growing. That is, being exposed to 
excessive ultraviolet radiation. With the application of the 
introduction of targeted therapies and immunotherapy, the 
survival rate of diagnosed patients has witnessed steady 
improvement (Pan et al., 2021; Pielesz et al., 2020; Ben 
Daya et al., 2021). However, treatment outcomes for the 
patients with the advanced disease remain poor. Over the 
past decade, the value of molecular biomarkers in predicting 
disease outcomes, which has become increasingly 
significant, has attracted the attention of quite a number 
of investigators. According to the research the available, 
S100B and LDH are expressing striking serological 
biomarkers associated with melanoma in predicting 
disease progression to advanced stages (Eisenstein et al., 
2018). With these introduced findings, these trends are 
emphasizing the importance of identifying biomarkers for 
prognosis and predicting treatment response. In addition, 
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despite that these patients have similar clinical risk factors 
molecular tumor characteristics is also able to exert 
effects upon treatment response and survival in SKCM 
patients. It eventually leads to the inappropriateness of the 
traditional clinical-histological classification of T- N- and 
M-stages, and on that basis, we should further search for 
prognostically relevant molecular markers.

Fig. 6. GO and KEGG enrichment analyses for the 
differentially expressed genes between the high-risk group 
and the low-risk group. (A) GO enrichment analysis. (B) 
KEGG enrichment analysis.

It has been found that LncRNAs can exert a key 
role in tumorigenesis in various cancers. Additionally, 
immune-related RNAs are actively involved in regulating 

the immune status and tumor microenvironment, which 
may affect prognosis and therapy. Many researchers, 
who have explored the relationship between immune-
related lncRNAs and tumors, have developed risk 
models on that basis. For example, Liu et al. (2020) 
who modeled the risk of immune-related lncRNAs in 
pancreatic cancer, implemented indepth investigation on 
their part in predicting pancreatic cancer prognosis and 
immune landscape. It has been exemplified that the lung 
adenocarcinoma risk model developed by Li et al. (2020) 
is functioning as valid instrument for risk stratification and 
individual prognosis assessment. Thereby, it is of a crucial 
reference for individualized clinical treatment of patients 
(Xin et al., 2021).

With analyses on the expression profile of cutaneous 
melanoma patients in the TCGA database, 102 prognostics 
differentially expressed lncRNAs were screened by co-
expression analysis. Univariate Cox regression analysis and 
multivariate Cox proportional risk analysis was committed 
to determining the prognostic signatures of four immune-
associated lncRNAs (USP30-AS1, U62317.1, ZEB1-AS1, 
and MIR205HR). Subsequently, K-M curve analysis was 
performed on patients in the high-risk and low-risk groups. 
Accordingly, significant differences were found between 
the high-risk and low-risk groups. In addition, as revealed 
in the functional enrichment analysis which we performed, 
these lncRNAs is exerting an indispensable role in the 
development and progression of SKCM, with multiple 
biological functional differences between the high- and 
low-risk groups, including cytokine receptor activity 
and immune recognition receptor activity. Therefore, we 
embrace the idea that this model can effectively identify 
patients at high risk of SKCM.

Among the prognostic signatures established by our 
group, MIR205HR gives a strikingly high expression in 
the high-risk group, while USP30-AS1, U62317.1, and 
ZEb1-AS1 presented high expression in the low-risk 
group. MIR205HG is a lncRNA containing the miR-205 
gene and miR-205 is a miRNA expressed in epithelial 
cells (Du et al., 2019). Previously, miR-205 conducted 
differential expression in melanoma tissues from normal 
tissues. Simultaneously, miR-205 could synergistically 
affect vascular endothelial growth factors and others 
with miR-203, miR-9, and miR-15b expression, which 
aim to regulate self-renewal and epithelial-mesenchymal 
transition processes. miR-205 levels are up-regulated, 
which leads to an increase of cell proliferation, 
migration, and invasion (De Oliveira et al., 2021). It has 
been demonstrated that MIR205HG levels were more 
significantly upregulated in melanoma cell lines compared 
to normal human melanocytes. In virtue of the miR-299-
3p/VEGFA axis, the MIR205HG was able to melanoma 
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growth (Guo et al. 2021). High expression of USP30-AS1 
specializes striking relevance to poor overall survival 
prognosis in cervical cancer patients. More than that, via 
the introduction of miR-299-3p to up-regulate PTP4A1, 
USP30-AS1 functions as a ceRNA and exacerbates the 
oncogenic potential of cervical cancer cells both in vitro 
and in vivo (Chen et al., 2021). However, USP30-AS1 and 
SKCM does not reveal clear relevance. LncRNA ZEB1-
AS1 is up-regulated in melanoma. LncRNA ZEB1-as1 can 
perform the duty of activating ZEB1 (zinc finger E-box 
binding homeobox 1) gene expression, thereby affecting 
the aggressiveness and phenotypic transition of melanoma. 
It highlights its consistence with our research results. So, it 
is an indispensable commitment to explore the relationship 
between LncRNA ZEB1-AS1 and SKCM at a more 
profound level (Siena et al., 2019). Up to now, no research 
has been able to unfold the association between U62317.1 
and cancer. Despite that, our speculation is that this 
lncRNA may be involved in the development of SKCM, 
which accounts for more necessary research for testing this 
hypothesis. The current manuscript has some limitations 
as follows. In this study we have evaluated the role of 
lncRNAs by using bioinformatics analysis and this means 
that the data represented in this study might not impact on 
clinical and experimental studies. Nevertheless, we should 
in the meanwhile also be aware of the shortcomings of this 
signature; thereby, more clinical data are need to confirm 
the reliability of this result, and more detailed segmentation 
is demanded clinical practice, rather than just divide it into 
high-risk and low-risk groups. On the other hand, due to 
limitation of resources we could not analyze the subtypes 
of melanoma.

CONCLUSION

In this study, we established a prognostic signature 
composed of four immune-associated lncRNAs. This risk 
model, which can contribute new associations between 
SKCM and immune-related lncRNAs, can meanwhile 
provide new strategies for immunotherapy of SKCM.
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Supplementary Fig. S1. A Forest plot of 31 candidates immune-related lncRNAs selected by univariate Cox regression analysis 
associated with SKCM survival.
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