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INTRODUCTION 
 

Cutaneous melanoma (CM) is an aggressive malignant 

tumor that threatens human life [1]. The pathogenesis 

and development of CM are negatively correlated with 

skin pigmentation. Most cases comprise patients with 

low skin pigmentation and who were exposed to 

ultraviolet radiation [2]. However, the precise 
pathogenic mechanisms behind CM remain unknown. 

In 2018, a total of 287,723 people were diagnosed with 

melanoma worldwide, and 60,709 died due to this 

disease [3]. The 10-year overall survival (OS) rates of 

stages I and II CM patients are 75 to 98% [4]. On the 

other hand, only 24–88% of CM patients in stages IIIA 

to IIID survived after 10 years, suggesting that the early 

diagnosis and treatment of CM might affect its 

outcome. Hence, accurate diagnosis in relatively early 

stages can significantly influence CM therapies. 

Recently, many investigators have attempted to identify 

novel biomarkers that can be used for prognostic 

prediction and personalized therapy of CM patients, but 

only a few biomarkers of clinical significance were 
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ABSTRACT 
 

RNA modifications, including RNA methylation, are widely existed in cutaneous melanoma (CM). Among 
epigenetic modifications, N7-methylguanosine (m7G) is a kind of modification at 5’ cap of RNA which 
participate in maintaining the stability of mRNA and various cell biological processes. However, there is still no 
study concerning the relationship between CM and m7G methylation complexes, METTL1 and WDR4. Here, 
long non-coding RNA (lncRNAs) and gene expression data of CM from the Cancer Genome Atlas (TCGA) 
database were retrieved to identify differentially expressed m7G-related lncRNAs connected with overall 
survival of CM. Then, Cox regression analyses was applied to construct a lncRNA risk signature, the prognostic 
value of identified signature was further evaluated. As a result, 6 m7G-associated lncRNAs that were 
significantly related to CM prognosis were incorporated into our prognostic signature. The functional analyses 
indicated that the prognostic model was correlated with patient survival, cancer metastasis, and growth. 
Meanwhile, its diagnostic accuracy was better than conventional clinicopathological characteristics. The 
pathway enrichment analysis showed that the risk model was enriched in several immunity-associated 
pathways. Moreover, the signature model was significantly connected with the immune subtypes, infiltration 
of immune cells, immune microenvironment, as well as several m6A-related genes and tumor stem cells. 
Finally, a nomogram based on the calculated risk score was established. Overall, a risk signature based on 6 
m7G-associated lncRNAs was generated which presented predictive value for the prognosis of CM patients and 
can be further used in the development of novel therapeutic strategies for CM. 
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identified [5]. Therefore, the identification of new 

biomarkers that can accurately predict the prognosis of 

CM patients is urgently needed. 

 

Recently, RNA modification was identified to be 

connected with a variety of cancers and human 

physiologies, especially tumor immunity [6, 7]. Among 

the identified epigenetic modifications which include 

N1-methyladenosine (m1A), N7-methylguanosine 

(m7G), and N6-methyladenosine (m6A), m7G is most 

abundantly medicated at 5′ cap of tRNA, mRNA, 

microRNAs, and rRNA [8]. This methylation includes 

two types of complexes, METTL1 and WDR4. In 

addition to maintain the stability of mRNA [9, 10], 

m7G modification also participate in pre-mRNA 

splicing, transcription elongation, and mRNA 

translation [8, 11]. Meanwhile, abnormal m7G 

methylation will lead to cancer progression [12]. 

Nevertheless, little literatures reported the correlation 

between m7G and cancer prognosis, and the role of 

m7G methylation in melanoma is still unknown. 

 

Long non-coding RNAs (lncRNAs) are a subset of non-

coding RNAs longer than 200 base pairs. In addition to 

various cellular biological processes, lncRNAs 

contribute to tumor progression, including tumori-

genesis, cell proliferation, and tumor metastasis [13, 

14]. In melanoma, various lncRNAs are proved 

significantly associated with patients’ overall survival 

[15]. Experimental studies have also confirmed that 

lncRNAs in melanoma cells contribute to cell cycle 

progression, apoptosis, cancer invasion, and migration. 

Furthermore, lncRNAs influence the chemotherapeutic 

sensitivity of melanoma cells [16]. Based on these 

studies, lncRNAs are key determinants of prognosis in 

CM. However, systematic analyses aimed at the 

identification of hub m7G-associated lncRNAs 

associated with prognosis or progression are lacking. 

 

Through bioinformatic analysis, many disease-specific 

biomarkers have been identified. However, m7G-

associated lncRNAs related to melanoma progression or 

prognosis were not previously identified. Therefore, we 

conducted the analysis of differential gene expression 

and univariate Cox regression in this study and 

identified the lncRNAs differentially expressed and 

correlated with the prognosis of CM patients. Then, hub 

m7G-associated lncRNAs were characterized, and a 

gene risk model was constructed using the Lasso 

penalized Cox regression analysis. The prognostic value 

and clinical significance of this model were further 

validated in CM patients. Moreover, we analyzed the 

connections between the constructed lncRNAs signature 
and immune infiltrates, immune microenvironment, 

relationship with m6A genes, and tumor stemness. 

Currently, risk signature generated according to the 

expression of m7G-associated lncRNAs in cancer has 

not been performed yet. Thus, to the best of our 

knowledge, our present study demonstrated the first 

m7G-associated lncRNAs for the prediction of cancer 

prognosis, providing novel insights into the prognosis 

and diagnosis of CM. 

 

RESULTS 
 

Candidate prognostic lncRNA screening 

 

The study workflow is illustrated in Figure 1. First, 638 

lncRNAs associated with METTL1 and WDR4 

expression in CM patients were identified. The 

correlations between levels of these lncRNAs and m7G 

methylation genes are summarized in Supplementary 

Table 1. Based on a differential expression analysis and 

univariate Cox regression, 260 and 82 lncRNAs were 

identified as differentially expressed lncRNAs and 

prognostic lncRNAs, respectively (Supplementary 

Tables 2 and 3). Based on the overlap, 34 lncRNAs 

were identified as candidate prognostic lncRNAs 

(Figure 2A). 

 

Construction of a lncRNA signature for CM 

 

Candidate prognostic lncRNAs were further analyzed 

by a Lasso penalized Cox regression analysis, and 6 hub 

lncRNAs (MCCC1-AS1, AC099811.3, AC125807.2, 

AC018529.2, AC015911.3, AATBC) were ultimately 

applied to construct the risk signature (Supplementary 

Table 4). The connection between the identified hub 

lncRNAs, METTL1 and WDR4 is shown in Figure 2B. 

The expression distribution of these lncRNAs is shown 

in Figure 2C. A univariate Cox analysis verified the 

associations between hub lncRNAs and prognosis 

(Figure 2D). We further detected correlations between 

the levels of these lncRNAs (Figure 2E). We found 

significantly higher expression levels of AC099811.3, 

AC125807.2, AC018529.2, and AC015911.3 in CM 

samples than in normal samples (p < 0.05; Figure 3C–

3F), whereas MCCC1-AS1 and AATBC were lower 

expressed in CM (p < 0.05; Figure 3A and 3B). Patients 

with CM in TCGA cohort were subsequently divided 

into low- and high-risk groups based on the median risk 

scores (Figure 4A and 4B). t-SNE and PCA analyses 

indicated that CM patients in the two risk subgroups 

were clearly separated (Figure 4C and 4D). 

 

Associations between clinical characteristics and risk 

scores in CM 
 

The overall survival was lower in the high-risk CM 

group than in the low-risk group in TCGA cohort 

(Figure 4E). A receiver operating characteristic (ROC) 

curve analysis indicated that the risk signature had 
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moderate predictive accuracy at 1 (ROC = 0.691), 2 

(ROC = 0.703), and 3 (ROC = 0.677) years (Figure 4F). 

A decision curve analysis and ROC analysis proved that 

the signature has greater accuracy than all other 

traditional clinicopathological features (Figure 4G and 

5A), revealing that our risk signature is a sensitive and 

specific predictor of overall survival in CM. 

 

Multivariate and univariate Cox regression analyses 

revealed that the newly identified risk signature is an 

independent prognostic factor for CM patients (Figure 

4H and 4I). Interestingly, a heatmap of clinical features 

and risk subgroups showed that our gene signature was 

significantly associated with tumor T stage and the 

metastatic statue (Figure 4L). CM patients with higher 

T stage had significantly greater risk scores than those 

with low T stage (Figure 4J). Meanwhile, CM patients 

diagnosed with primary melanoma also showed 

significantly higher risk scores than patients with 

metastatic melanoma (p < 0.05; Figure 4K). Finally, the

 

 
 

Figure 1. Schema of the study. 
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Figure 2. Identification of prognostic m7G-related lncRNAs. (A) Venn diagram of candidate m7G-related lncRNAs determined by 

differential expression and univariate Cox analyses. (B) Correlation network of prognostic lncRNAs and their associated mRNAs. (C) 
Heatmap of hub m7G-related lncRNAs. (D) Forest plots of correlations between hub lncRNAs and overall survival of CM patients. (E) 
Correlation network of hub lncRNAs. 

 

 
 

Figure 3. Expression of hub m7G-associated lncRNAs MCCC1-AS1 (A), AATBC (B), AC015911.3 (C), AC018529.2 (D), AC099811.3 (E), and 

AC125807.2 (F) in risk subgroups. 
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risk signature was used to construct a nomogram to 

predict CM patient outcomes (Figure 5B). Overall, our 

constructed risk signature was clearly associated with 

the development of CM and might be a valuable tool for 

the clinical management of patients. 

 

GSEA 

 

A KEGG pathway enrichment analysis discovered that 

the identified lncRNA signature was significantly 

enriched in 47 pathways (FDR <0.05) (Supplementary 

Table 5), including oxidative phosphorylation, 

aminoacyl tRNA biosynthesis, glyoxylate and 

dicarboxylate metabolism, systemic lupus 

erythematosus, cytokine-cytokine receptor interaction, 

and type 1 diabetes mellitus (Figure 6). Several 

immune-related pathways, such as intestinal immune 

network, natural killer cell-mediated cytotoxicity, and 

primary immunodeficiency pathways were also 

enriched. 

 

Associations with immunity, tumor stemness, and 

M6A-related genes 

 

While exploring the relationship between risk signature 

and cancer immunity, the results displayed that the

 

 
 

Figure 4. Associations between risk signature and clinicopathological factors. Risk score distribution (A), survival status (B), PCA 
plot (C), and t-SNE (D) analysis of TCGA-CM cohort. (E) Survival curve of CM patients. TimeROC (F) and ClinicalROC (G) curves to forecast 
overall survival of patients. Univariate (H) and multivariate Cox (I) regression of clinicopathological features in TCGA-CM cohort. 
Correlations between risk scores and T stage (J) and metastatic capacity (K). (L) The heatmap of clinicopathological features and hub 
lncRNAs expression in two risk subgroups. 
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proportion of most immune cell subpopulations, levels 

of components of related pathways, and functions were 

significantly reduced in the high-risk subgroup 

compared with the low-risk subgroup (p < 0.05; Figure 

7A and 7B). Only the scores for iDCs, macrophages, 

and mast cells did not differ significantly between the 

two subgroups (p > 0.05). Similar results were obtained 

using EPIC, XCELL, MCP counter, QUANTISEQ, 

CIBERSORT, and TIMER analysis (Figure 7C). 

Furthermore, immune infiltrates corresponding to tumor 

suppression and promotion [17], namely C1 (wound 

healing), C2 (INF-g dominant), C3 (inflammatory), and 

C4 (lymphocyte-depleted), were evaluated to 

understand the connection between immune 

components and the risk signature. The calculated risk 

score was significantly higher for the C3 subtype and 

lower for the C2 subtype than for other subtypes 

(Figure 7H). 

 

The tumor stemness (including the RNA stemness score 

and DNA methylation pattern), immune micro-

environment (including immune and stromal scores), 

 

 
 

Figure 5. Construction of nomogram. (A) Decision curve analysis of risk signature and other clinicopathological features. (B) Nomogram 

for predicting CM 1-, 3-, and 5-year overall survival in TCGA cohort. The red dashed line represented a sample of CM patient's death 
probability by year 1, 3, and 5. 

 

 
 

Figure 6. GSEA of top 13 enriched pathways in risk signature. 
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and m6A-related genes are all key regulators of tumor 

progression. The constructed lncRNA signature was 

significantly negatively correlated with the immune and 

stromal scores (Figure 7D and 7E) but positively 

correlated with RNA methylation patterns (RNAss; 

Figure 7F and 7G). Expression levels of the m6A-

related genes FTO and YTHDF1 were significantly 

lower and HNRNPC, YTHDC2, YTHDC1, and WTAP 

were higher in the low-risk subgroup than in another 

subgroup (Figure 7I). 

 

With respect to immune checkpoints, the levels of most 

identified immune-related points were lower expressed 

in the high-risk subgroup, except for TNFRSF14, 

 

 
 

Figure 7. Potential role of risk signature in CM immune status, tumor stemness, and m6A-related genes. Boxplots of scores of 
immune cells (A) and immune-associated functions (B) in risk subgroups. (C) Heatmap for immune responses based on EPIC, XCELL, MCP 
counter, QUANTISEQ, CIBERSORT, and TIMER among two risk subgroups. Associations between risk signature and immune scores (D), 
stromal scores (E), DNAss (F), RNAss (G), immune infiltration subtypes (H), and m6A-related genes (I). 
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CD276, and TNFSF9 (Figure 8A). Moreover, 

considering the roles of the immune checkpoint protein 

PD-L1 and PD-L2 in immune evasion, the relationship 

between these loci and the lncRNA signature was 

analyzed comprehensively. The gene expression levels 

of PD-L1 and PD-L2 were both significantly higher in 

the low-risk subgroup than in the high-risk subgroup 

(Figure 8B and 8C). Meanwhile, the expression of PD-

L1 and PD-L2 were significantly negatively correlated 

with the risk score (Figure 8D and 8E). 

 

DISCUSSION 
 

Although next-generation sequencing technology has 

resulted in the discovery of various biomarkers for 

melanoma, there is still a need for novel markers that 

are more closely associated with early detection and 

prognosis in CM. M7G, a novel uncharacterized cell 

death mechanism, which is significantly correlated with 

human cell death, has potentially treatment value in 

melanoma [18]. However, its role in melanoma is 

poorly understand, and a m7G-associated lncRNA 

signature has not been reported. Our newly identified 

lncRNA signature showed high predictive accuracy for 

overall survival in CM. Meanwhile, our lncRNA 

signature was also associated with the immune status, 

tumor microenvironment, immune components, m6A-

related genes, and tumor stemness, presenting an 

advantage over other risk signatures. 

 

In the present study, m7G methylation complexes 

METTL1 and WDR4 were systematically analyzed to 

identify lncRNAs associated with CM overall survival. 

Next, 6 hub lncRNAs, including MCCC1-AS1, 

AC099811.3, AC125807.2, AC018529.2, AC015911.3, 

AATBC, were used to construct a novel prognostic 

 

 
 

Figure 8. Associations between risk signature and immune checkpoints. (A) Expression of immune checkpoints among two risk 
subgroups in CM patients. Expression levels of genes PD-L1 (B) and PD-L2 (C) in risk subgroups. Correlation analysis between risk score, PD-
L1 (D), and PD-L2 (E). 
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signature for CM. The prognostic value for CM was 

verified by various approaches. The identified signature 

was significantly correlated with metastasis and T stage. 

Regarding the prognostic value of risk signature in CM 

metastatic, i.e., the emergence of higher risk scores in 

primary CM, we consider that this was mainly due to 

the minor number of primary CM samples in TCGA 

cohort. Factually, there were only 104 patients 

diagnosed with primary CM, but 366 patients 

corresponded with metastatic cancer. Meanwhile, as 

reported by previous literature, TCGA-CM patients 

with primary cancer had significantly worse overall 

survival [19], which is consistent with the findings of 

the relationship between CM overall survival, risk 

score, and metastatic status in this study. The American 

Joint Committee on Cancer (AJCC) staging system is a 

widely used clinicopathological parameter for tumor 

evaluations [20]. Compared with the TNM stage, 

irrespective of whether T, N, and M stages are 

considered separately or together, the constructed risk 

signature not only showed a higher accuracy for the 

prediction of prognosis but also could be used to predict 

CM growth and metastatic potential. A nomogram 

analysis revealed the effectiveness of this lncRNA 

signature for predicting the outcomes of CM patients. 

 

Based on a GSEA, the risk signature was enriched in 

several immune-related pathways, such as intestinal 

immune network, natural killer cell-mediated 

cytotoxicity, and primary immunodeficiency pathways. 

Meanwhile, the signature was also connected with 

several immune-associated diseases, such as systemic 

lupus erythematosus and autoimmune thyroid disease. 

Thus, the prognostic value of the lncRNA signature 

might be attributed to its association with immune 

processes. Interestingly, nearly all immune cells 

showing reduced infiltration and immune functions 

were inhibited in the high-risk subgroup. Given the 

critical roles of these immune cells in stimulating anti-

tumor immunity [21], it is reasonable to conclude that 

the degree of anti-tumor immunity in patients with CM 

in the high-risk subgroup is substantially reduced. In 

addition, the ESTIMATE algorithm demonstrated that 

the stromal cell and immune cell scores were both 

negatively correlated with the risk score, confirming 

that immune cell infiltration was poor in the high-risk 

subgroup. The analysis concerning the association 

between immune components and CM confirmed that 

C2 and C3 were both significantly connected with 

declined risk scores. Considering the predictive value of 

the risk signature in overall survival, C2 and C3 might 

be protective factors in CM. 

 
Cancer immunotherapies targeting immune checkpoints 

have improved outcomes in various cancers [22]. PD-

L1 and PD-L2 are key regulators of immune responses 

[23]. Positive PD-L1 expression is correlated with better 

clinical outcomes in melanoma. Clinical trials have 

demonstrated that PD-1/PD-L1 pathway-targeted 

monoclonal antibodies result in impressive outcomes in 

CM by preventing the inhibition of the PD-L1 pathway 

and enhancing the function of T cells [24, 25]. In this 

study, the significantly differential expression of PD-L1 

and PD-L2 in the two risk groups were also verified as 

well as the fact that they are both negatively correlated 

with the risk score. Levels of nearly all immune 

checkpoints were significantly higher in the low-risk 

subgroup than in the high-risk subgroup, suggesting that 

immune responses were dramatically altered in high-

risk group. The identified lncRNA signature could 

predict the expression of immune checkpoints in CM 

and potentially guide the implementation of 

immunotherapy. However, the specific connections 

between m7G lncRNAs and immune-related genes still 

warrant further explorations. 

 

Cancer stem cell-like cells (CSCs) promote tumor 

growth owing to their self-renewal and invasion 

abilities. CSCs are also the main determinant of 

chemotherapy drug resistance [26, 27]. In the present 

study, our lncRNA signature was positively correlated 

with the stem cell score, confirming that our newly 

constructed gene signature was a risk factor for CM. 

Similar to m7G, N6-methyladenosine (m6A) is the 

other most abundant methylation form in human cells, 

occurring mainly on the adenine of the RRACH 

sequence. Meanwhile, m6A was identified to be 

connected with a variety of cancers and human 

physiologies [28], especially tumor immunity [6, 7]. 

Thus, it is valuable to explore the relationship between 

m7G and m6A. In this study, our m7G-related lncRNA 

signature could effectively predict the expression levels 

of the m6A-related genes FTO, YTHDF1, HNRNPC, 

YTHDC2, YTHDC1, and WTAP, although the specific 

mechanisms underlying these relationships need further 

exploration. 

 

Despite the prognostic value of the current risk 

signature, this study also has some limitations. First, the 

results from our present retrospective study need further 

confirmation by prospective studies. Second, more 

experimental assays are needed to verify and validate 

the conclusions obtained from bioinformatics analyses. 

In the future, functional studies should be performed to 

gain mechanistic insights into m7G-associated lncRNAs 

and their role in CM development. 

 

In the present study, a novel prognostic risk signature 

consisting of 6 hub m7G-associated lncRNAs was 
constructed and presented high predictive accuracy. This 

gene signature was valuable to predict parameters 

related to immune components, immune functions, 
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immune cell infiltration, tumor microenvironment, 

stemness, and m6A-related genes in CM patients. To the 

best of our knowledge, this is the first m7G-related 

lncRNA signature for cancer. These results also 

provided a novel basis for understanding the specific 

effects of m7G-related lncRNA in CM. Therefore, this 

study comprehends a significant contribution to the 

literature and can contribute to improvements in the 

outcomes and individualized treatments for CM patients. 

 

MATERIALS AND METHODS 
 

Raw data acquisition 

 

RNA and lncRNA sequencing data were collected for 

471 CM tissues and one normal skin sample from The 

Cancer Genome Atlas (TCGA) database on June 30, 

2020 (https://portal.gdc.cancer.gov). The transcriptomic 

data for 812 normal skin samples were obtained  

from the Genotype-Tissue Expression database 

(GTEx; https://gtexportal.org/home/datasets). Log2-

transformation and normalization were performed using 

the “sva” package in R to remove batch effects [29, 30]. 

Specific m7G methylation complexes METTL1 and 

WDR4 (Supplementary Table 6) were applied for 

further analysis. 

 

Prognostic lncRNA signature construction 

 

After assessing the association between m7G-associated 

lncRNAs and CM by a Pearson correlation analysis (|R2| 

> 0.2, p < 0.01), differentially expressed m7G-

associated lncRNAs were identified using the “limma” 

package. lncRNAs with |log2 fold change| > 1 and false 

discovery rate (FDR) <0.05 between normal and tumor 

tissues were regarded as candidate lncRNAs. Then, 

univariate Cox regression analyses were performed to 

identify prognostic m7G-associated lncRNAs among all 

lncRNAs in CM by using the “survival” package with a 

cutoff of p < 0.001. The overlap between the 

differentially expressed lncRNAs and prognosis-related 

lncRNAs was determined as candidate m7G-related 

lncRNAs, as visualized by a Venn diagram using the 

“VennDiagram” package in R. Thereafter, candidate 

m7G-related lncRNAs were integrated into a Lasso 

penalized Cox regression analysis to identify hub 

lncRNAs and to generate a lncRNA risk model. Next, 

patients with CM were categorized into low- and high-

risk groups using the median risk score as a threshold. 

The risk score was calculated as follows: 
 

risk score exp lncRNAi βi=   

 

where exp lncRNAi is the relative expression of hub 

m7G-related lncRNA i, and β is the regression 

coefficient [31]. 

Predictive value of the lncRNA signature 

 

To explore the distribution of risk subgroups, t-SNE and 

PCA analyses of the constructed signature were 

performed using the “Rtsne” and “ggplot2” packages in 

R. The “survival” package was further applied to 

compare overall survival between the two risk 

subgroups according to risk scores. To verify the 

predictive accuracy of the signature, the “timeROC” 

package was also applied for both the lncRNA signature 

and traditional clinical features. Finally, univariate and 

multivariate Cox regression analyses were performed to 

evaluate the relationship between the risk score and 

clinical characteristics. To translate the prognostic value 

of risk signature into CM clinical use, a nomogram 

which included the risk statue and the CM clinical 

characteristics gender, M stage, metastatic, AJCC stage, 

age, T stage, and N stage was constructed using  

the “rms” package. Bootstraps with 1000 resamples 

were applied to internally validate the constructed 

nomogram. Meanwhile, the decision curve analysis was 

further applied to detect the clinical usefulness of the 

risk nomogram by quantifying the net benefits at 

different threshold probabilities. 

 

Gene set enrichment analysis (GSEA) 

 

For the hub m7G-associated lncRNAs, GSEA 4.1 was 

used for a Kyoto Encyclopedia of Genes and Genomes 

(KEGG) enrichment analysis of the two risk subgroups. 

Statistical significance was defined as FDR <0.05. 

 

Immune, stem cell-like features, and M6A 

correlation analysis 

 

A Spearman correlation analysis was performed to test 

the relationship between the risk score and stromal and 

immune scores. Two-way ANOVA was used to evaluate 

the connection between the immune infiltration subtype 

and risk score. A single-sample gene set enrichment 

analysis (ssGSEA) was used to compare immune cell 

infiltration in the two risk subgroups and to test immune 

functions. Potential immune checkpoints retrieved from a 

previous study were used to explore the connection 

between immune-related genes and risk signatures [32]. 

Next, correlations between the risk signature and two key 

immune regulators, including PD-L1 and PD-L2, were 

evaluated. Spearman correlation analyses were used to 

measure the relationship among the risk score, tumor 

stemness, and m6A-related genes. 

 

Availability of data and materials 

 
The datasets used and/or analyzed during the current 

study are available from the corresponding author on 

reasonable request. 

https://portal.gdc.cancer.gov/
https://gtexportal.org/home/datasets
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SUPPLEMENTARY MATERIALS 
 

Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1 and 2. 

 

Supplementary Table 1. Specific m7G methylation complexes METTL1 and WDR4. 

 

Supplementary Table 2. The correlations between levels of these lncRNAs and m7G methylation genes. 

 

Supplementary Table 3. Identification differentially expressed lncRNAs by differential expression analysis. 

lncRNA HR HR.95L HR.95H P-value 

AC011481.1 1.56650331 1.22383658 2.00511462 0.00036564 

HCG27 0.45898288 0.30133005 0.69911809 0.00028663 

LINC02384 0.46031389 0.31577208 0.67101841 5.47E-05 

AF127936.1 0.54100385 0.40795747 0.71744038 1.99E-05 

TFAP2A-AS1 1.24478017 1.11948166 1.38410277 5.23E-05 

LINC00520 1.12091787 1.05120729 1.1952513 0.00049332 

LINC00665 1.35662711 1.14900111 1.60177141 0.00031969 

AC025154.2 1.52306951 1.22108543 1.89973665 0.00019036 

AC036108.3 0.54390733 0.41462378 0.71350269 1.09E-05 

MCCC1-AS1 0.42908919 0.26328605 0.69930607 0.00068573 

PCED1B-AS1 0.776997 0.68528489 0.880983 8.24E-05 

AC093726.1 0.67253079 0.56361832 0.80248928 1.08E-05 

AC004687.1 0.75117625 0.64712113 0.87196311 0.00016931 

AC099811.3 1.50161761 1.22172194 1.8456372 0.00011213 

AL161452.1 2.20773316 1.46747696 3.32140528 0.00014438 

AL353622.1 0.47680549 0.33518839 0.67825584 3.80E-05 

AC099343.2 0.41728228 0.27787955 0.62661863 2.52E-05 

PCOTH 1.53996976 1.23480128 1.92055749 0.00012727 

AC015911.8 0.59045352 0.46333654 0.7524452 2.05E-05 

AC125807.2 1.48481645 1.22921973 1.79356046 4.11E-05 

AC097468.3 1.38247271 1.14462641 1.66974199 0.00077305 

STARD7-AS1 2.07841144 1.51211125 2.85679648 6.55E-06 

LINC00324 0.59631703 0.46349005 0.76720957 5.79E-05 

AC018755.4 0.71685755 0.59813291 0.85914808 0.0003142 

AC078883.1 0.37979171 0.24985642 0.57729852 5.86E-06 

EBLN3P 0.64736264 0.51606489 0.81206529 0.00016993 

AC018529.2 1.35663209 1.16386626 1.58132483 9.59E-05 

AC006504.5 1.69973509 1.27426221 2.26727226 0.00030764 

AC005332.7 0.34031825 0.18045058 0.64181842 0.00086865 

AC100791.3 1.35318896 1.16030692 1.57813448 0.00011573 

AC007728.2 0.48477945 0.33518912 0.70112988 0.00012011 
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AL133371.2 0.64919108 0.52586535 0.8014391 5.84E-05 

HEXA-AS1 2.52358589 1.57470971 4.04422841 0.00011955 

AC131009.3 1.48837894 1.22352146 1.81057049 6.96E-05 

B4GALT1-AS1 1.76012131 1.33876495 2.3140933 5.13E-05 

NRAV 1.67851127 1.2925116 2.17978706 0.00010257 

AC008915.2 1.48038045 1.1873322 1.84575665 0.00049101 

MIR155HG 0.69984592 0.60317438 0.81201113 2.53E-06 

AC015911.3 0.57448594 0.46000983 0.7174501 1.02E-06 

AC106782.5 0.42589628 0.2586919 0.70117251 0.00079202 

AC135050.1 2.63129805 1.48021439 4.67751799 0.00098033 

AC083799.1 0.64445772 0.52046757 0.79798583 5.58E-05 

AL683807.1 0.45475331 0.32216857 0.64190177 7.44E-06 

AC012645.3 0.56520315 0.41812708 0.76401316 0.00020698 

AC020659.1 0.25231656 0.11694113 0.54440767 0.00044861 

RNF216P1 1.6269999 1.25101655 2.11598214 0.00028304 

AC108134.3 0.46827351 0.32987919 0.66472843 2.19E-05 

PSMB8-AS1 0.77344215 0.68765064 0.86993703 1.85E-05 

LINC02328 0.63121668 0.48520796 0.82116234 0.0006082 

AC015912.3 1.26871696 1.10703255 1.45401571 0.00062186 

AC116025.2 1.66972782 1.30400058 2.13802895 4.82E-05 

ATXN2-AS 1.69980393 1.24199123 2.32637183 0.00092115 

RERE-AS1 0.33897162 0.18059819 0.63622875 0.00075833 

WAC-AS1 0.6536467 0.51110032 0.83594939 0.00070507 

BHLHE40-AS1 0.43506839 0.29620948 0.63902244 2.20E-05 

AC011445.1 1.55273449 1.22025397 1.97580543 0.00034476 

LINC00539 0.35787541 0.21659892 0.59129938 6.05E-05 

AL138966.2 2.13385407 1.45016603 3.13987026 0.00012007 

HCP5 0.8229855 0.75933249 0.89197438 2.10E-06 

SNAI3-AS1 1.75905663 1.3008702 2.37862333 0.00024399 

AC004471.1 1.5841252 1.21202264 2.07046681 0.00075826 

AC067852.2 1.58849867 1.24722871 2.02314781 0.00017667 

JARID2-AS1 1.93790088 1.37708625 2.72710574 0.00014727 

AC005083.1 0.58698914 0.43235959 0.79692056 0.00063754 

MIAT 0.59483631 0.4688713 0.75464256 1.88E-05 

PAXIP1-AS2 0.66879761 0.53180774 0.8410751 0.00058175 

AC018553.1 1.51632131 1.29969373 1.76905549 1.21E-07 

VIM-AS1 0.55750289 0.41981824 0.74034294 5.41E-05 

AC005498.2 2.45169552 1.5255476 3.94010054 0.00021156 

AC004221.1 1.79201268 1.26706071 2.53445587 0.00097269 

AC243960.1 0.67161311 0.56538005 0.79780701 5.86E-06 

LINC01502 1.13815282 1.05799387 1.224385 0.00051489 

AC009570.1 1.47022968 1.18328829 1.82675289 0.00050293 



www.aging-us.com 5248 AGING 

LINC01679 1.21800306 1.08776918 1.36382927 0.00063063 

HLA-DQB1-AS1 0.68880264 0.59565026 0.79652291 4.94E-07 

AATBC 1.46255189 1.26319705 1.69336845 3.68E-07 

ITGB2-AS1 0.70824898 0.59496363 0.84310469 0.00010485 

AL365361.1 0.65586828 0.54658686 0.78699881 5.74E-06 

AC025171.5 0.29584811 0.1593311 0.54933473 0.00011471 

AC008622.2 2.2117542 1.39965942 3.49503355 0.00067333 

AL034346.1 1.61660375 1.31068148 1.99393042 7.20E-06 

AL022067.1 0.39103755 0.22906745 0.66753425 0.00057913 

 

 

Supplementary Table 4. Identification prognostic lncRNAs by univariate Cox regression. 

LncRNA Coef HR HR.95L HR.95H P-value 

MCCC1-AS1 −0.4592578 0.63175236 0.38828774 1.02787446 0.06442031 

AC099811.3 0.19646052 1.21708727 0.97699268 1.51618478 0.07971361 

AC125807.2 0.17746946 1.19419158 0.97918359 1.45641079 0.07972881 

AC018529.2 0.1951604 1.21550594 1.03158172 1.43222262 0.01973187 

AC015911.3 −0.4228181 0.65519783 0.52262596 0.82139854 0.00024667 

AATBC 0.20004932 1.221463 1.03951296 1.43526048 0.0150633 

 

 

Supplementary Table 5. Identification candidate prognostic lncRNAs by a Lasso penalized Cox regression analysis. 

Name Size FDR q-value 

KEGG_OXIDATIVE_PHOSPHORYLATION 131 0.00152385 

KEGG_AMINOACYL_TRNA_BIOSYNTHESIS 22 0.00825053 

KEGG_GLYOXYLATE_AND_DICARBOXYLATE_METABOLISM 16 0.01605843 

KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS 56 0 

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION 263 0 

KEGG_TYPE_I_DIABETES_MELLITUS 41 0 

KEGG_AUTOIMMUNE_THYROID_DISEASE 50 0 

KEGG_CELL_ADHESION_MOLECULES_CAMS 131 0 

KEGG_LEISHMANIA_INFECTION 69 0 

KEGG_INTESTINAL_IMMUNE_NETWORK_FOR_IGA_PRODUCTION 45 0 

KEGG_ALLOGRAFT_REJECTION 35 0 

KEGG_HEMATOPOIETIC_CELL_LINEAGE 85 0 

KEGG_ANTIGEN_PROCESSING_AND_PRESENTATION 81 0 

KEGG_GRAFT_VERSUS_HOST_DISEASE 37 0 

KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 132 0 

KEGG_CHEMOKINE_SIGNALING_PATHWAY 188 0 

KEGG_PRIMARY_IMMUNODEFICIENCY 35 0 

KEGG_ASTHMA 28 0 

KEGG_VIRAL_MYOCARDITIS 68 0 

KEGG_JAK_STAT_SIGNALING_PATHWAY 155 0 
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KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY 108 0 

KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY 102 0 

KEGG_COMPLEMENT_AND_COAGULATION_CASCADES 69 0 

KEGG_NOD_LIKE_RECEPTOR_SIGNALING_PATHWAY 62 0 

KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY 75 0 

KEGG_LEUKOCYTE_TRANSENDOTHELIAL_MIGRATION 116 0 

KEGG_APOPTOSIS 87 0 

KEGG_ECM_RECEPTOR_INTERACTION 84 4.26E-05 

KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY 70 1.36E-04 

KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 54 2.71E-04 

KEGG_PRION_DISEASES 35 3.98E-04 

KEGG_FOCAL_ADHESION 199 5.15E-04 

KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS 96 9.06E-04 

KEGG_REGULATION_OF_ACTIN_CYTOSKELETON 213 9.14E-04 

KEGG_HYPERTROPHIC_CARDIOMYOPATHY_HCM 82 0.00221456 

KEGG_DILATED_CARDIOMYOPATHY 89 0.00214745 

KEGG_TGF_BETA_SIGNALING_PATHWAY 84 0.00278056 

KEGG_FC_EPSILON_RI_SIGNALING_PATHWAY 79 0.00408717 

KEGG_MAPK_SIGNALING_PATHWAY 266 0.00516064 

KEGG_LONG_TERM_POTENTIATION 70 0.00627491 

KEGG_ARRHYTHMOGENIC_RIGHT_VENTRICULAR_CARDIOMYOPATHY_ARVC 74 0.01377414 

KEGG_PATHWAYS_IN_CANCER 324 0.01738811 

KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION 271 0.02168642 

KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION 114 0.0238143 

KEGG_P53_SIGNALING_PATHWAY 68 0.03537415 

KEGG_SMALL_CELL_LUNG_CANCER 84 0.03872098 

KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS 134 0.04711841 

 

 

Supplementary Table 6. KEGG pathway enrichment analysis. 

Gene symbol Description 

METTL1 Methyltransferase 1, TRNA Methylguanosine 

WDR4 WD Repeat Domain 4 

 

 


