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Abstract
Background: 5-methylcytosine (m5c) is a common chemical alteration in DNA and RNA, however unlike
DNA modifying enzymes, the methyl-transferases that make m5c changes in RNA are little understood.
The putative RNA methyltransferase NSUN6 is a member of the Nol1/Nop2/SUN domain (NSUN) protein
family, but its function in most malignancies is uncertain.

Methods: The relevance of NSUN6 in tumor metabolism and tumor immunity was investigated in the
present study. Through a pan-cancer analysis using multiple databases. The expression levels, prognosis,
tumor progression, immunological checkpoints, and immune metabolism of NSUN6 in 33 cancers were
determined using the Cancer Genome Atlas (TCGA), Genotype-Tissue Expression (GTEx), and Cancer Cell
Line Encyclopedia (CCLE) datasets. The current study looked at pathways, immunological checkpoints,
immune neo-antigens, immune microenvironment, tumor mutational burden (TMB), microsatellite
instability (MSI), DNA mismatch repair (MMR), and the usefulness of NSUN6 methyl-transferases. For
quantitative analysis and panoramic description, the R package was employed.

Results: We discovered that NSUN6 is variably expressed in pan carcinomas, and that NSUN6 was
typically related with the prognosis of ACC, COAD, KIRC, SARC, and THCA, where low expression of
NSUN6 was associated with a signi�cantly worse prognosis. While high NSUN6 expression has been
linked to a worse prognosis in patients with BLCA, LGG, and PAAD. Second, we con�rmed that the level of
NSUN6 expression was linked to tumor immune in�ltration and the tumor microenvironment, particularly
in BLCA, KIRC, and KIRP. Finally, in addition to TMB and MSI in pan-malignancies, NSUN6 was linked to
immunological neo-antigen and immune checkpoint gene expression pro�les in all cancers.

Conclusion: NSUN6 is variably expressed in pan-cancers and has the potential to be used as a predictive
biomarker for tumors.

Highlights
(1) The degree of NSUN6 expression differs between tumor types.

(2) While NSUN6 expression was substantially correlated with prognosis in patients with malignancies,
increased NSUN6b expression was typically associated with a negative prognosis across multiple
datasets.

(3) NSUN6 was found to be highly linked with tumor immunity and to interact with a variety of immune
cells in many forms of cancer.

(4) Correlations between NSUN6 expression and ICP, TMB, MSI, MMRs, and DNA methylation were
signi�cant.

Introduction
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People's living standards, dietary habits, and living situations change as a result of economic and social
growth, and the incidence of cancer and mortality has gradually increased, becoming a global burden on
human health [1, 2]. Traditional treatments for cancer which including surgery, chemotherapy, and
radiotherapy are still the most common treatments, and many cancer sufferers do not achieve the �ve -
year survival rate that is optimal [3, 4]. Cancer has become one of the leading causes of mortality in both
industrialized and developing countries, putting pressure on humans to create new treatments for all
types of tumors [5]. The use of tumor markers in the detection and treatment of cancer has given cancer
therapy a fresh lease on life [6]. One of the most essential ways for identifying effective tumor markers is
to conduct a pan-cancer investigation [7].

The action of seven members of the NOL1/NOP2/SUN domain (NSUN) family, including NSUN1, NSUN2,
NSUN3, NSUN4, NSUN5, NSUN6, and NSUN7, and DNA methyltransferase 2/tRNA methyltransferase
1(DNMT2/TRMT1), is thought to be the mechanism by which m5C attaches to various RNA molecules
[8]. NSUN2 is a nucleolin that is involved in tissue homeostasis, spindle stability, and early embryogenesis
[9]. In breast cancer and prostate cancer, knocking down Sphingosine Kinase 1 (SK1) is linked to NSUN2
downregulation [10], suggesting that SK1 of drug inhibitor may be bene�cial to over-expression of NSUN2
in cancer [11]. Direct deletion of nsun2 in HeLa cells can improve sensitivity to 5-�uorouracil (5-FU), but
not cisplatin or paclitaxel, at the same time [12]. Through the interaction of NELFB and RPS6KB2, the 5-
mC RNA methyltransferase NSUN6 regulates the response of glioblastoma to temozolomide (TMZ) [13].
Cox regression analysis showed that the expression of DNMT1, TET2 and NSUN6 was related to the
prognosis of Head and neck squamous cell carcinoma (HNSCC)[14]. Although these studies suggest that
NSUN6 plays an important role in a variety of tumors, there is no pan-cancer analysis of NSUN6, and the
role of NSUN6 in a variety of tumors has not been fully elucidated.

Histological approaches have steadily become the center of study since the emergence of high-
throughput sequencing. For cancer research, histological techniques offer a new perspective [15]. Pan-
cancer analysis was used in this work to examine the expression, prognosis, TMB and MSI of NSUN6 in
33 cancers. Apart from that, we looked at the role of NSUN6 in the immune microenvironment and the
relationship between immune-related antigens and checkpoint genes. In pan-cancer tissues, we found
that NSUN6 gene expression in�uenced the expression of DNA repair genes and methyltransferase. Using
gene set enrichment analysis, we found that NSUN6 regulates the signal pathways related to
spermatogenesis, asthma and in�ammation.

Methods And Materials

Data Source
Studies were based on The Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.gov/) dataset [16],
Genotype-Tissue Expression (GTEx, https://gtexportal.org/) dataset [17], Cancer Cell Line Encyclopedia
(CCLE, https://portals.broadinstitute. org/) dataset [18] and the TIMER (https://cistrome.shinyapps.io/
timer/) dataset [19]. For the study of NSUN6 expression in 27 cancers, data from the TCGA and GTEx
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databases were used, as were clinical records and gene expression data from tumor and normal samples.
Analysis of NSUN6 gene expression in 31 GTEx dataset tumors was also performed. CCLE and TIMER
data was downloaded to analyze gene expression differences between cancer cell lines, and RNA
sequencing datasets were downloaded for each cell line in the CCLE dataset to examine gene expression
differences between cancer cell lines. Only open access data were used in this study, hence ethics
committee permission was not required.

Analysis of NSUN6 Expression Levels and Prognosis in Pan-
Cancer
In this study, the R package (edgeR) was used to analyze the differential levels of NSUN6 expression in
the dataset[20]. For the expression of NSUN6 in different tumor cells and other normal tissues, we used
Kruskal–Wallis test analysis method, and the R package ggplot2 presented the �gures[21]. A one-way
Cox regression test was utilized to examine the relationship between NSUN6 and patient survival in pan-
cancer prediction analysis. K–M test was also used to measure the survival of patients in comparison
with others. Forest plot visualization software was used to plot the images.

Gene Set Enrichment Analysis
This effective tool for assessing gene expression data and studying statistically signi�cant and
persistent differences between various groups with various biological states is known as gene set
enrichment analysis (GSEA) [22]. The signaling pathway of NSUN6 was analyzed by gene set enrichment
analysis. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis was
performed with the R package clusterPro�ler.[23] A second dataset utilized for GSEA analysis is the
Molecular Signature Database of immune cells that control the level of immunological activation by
preserving their normal immune function in vivo. Results showed that NSUN6 expression levels were
associated with 47 common immune checkpoint gene expression. Multiple malignancies were examined
for correlations between NSUN6 expression levels and expression levels of other immune checkpoint
genes using the R package (limma, reshape2, RColorBrewer). A scanner was used to count and identify
each tumor sample's neoantigens.

Correlation Analysis of NSUN6 in Immune In�ltration and
Tumor Microenvironment
With the use of a purity-adjusted Spearman correlation analysis, we looked at the relationship between
the NSUN6 gene and six different immune cell in�ltrations to see how well it performed. The tumor
microenvironment-related scores of patients, such as estimation score, tumor stromal score, and immune
score, were also assessed using an ESTIMATE algorithm using a standardized expression matrix.
Statistical signi�cance was de�ned as a p-value of 0.05 or lower.

Tumor Mutational Burden and Microsatellite Instability
Analysis
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The total TMB was calculated using the Perl language and a R program (fmsb) and correlated with
NSUN6 expression levels in pan-cancer patients. It is possible to employ MSI to screen for, diagnose, and
predict pancreatic cancer because tumors have unique microsatellite alleles relative to normal tissue. The
fmsb package in R was used to examine the relationship between MSI and NSUN6 expression levels in
pan-cancer.

DNA Mismatch Repair Gene Mutation and DNA Methylation
Analysis
The Spearman correlation approach was used to examine the relationship between MMR gene
expression levels and NSUN6 gene expression levels. Gene expression is greatly in�uenced by DNA
methylation, as well. The Spearman correlation approach was used to examine the correlation between
DNMT1 (DNMT1), DNMT2 (DNMT2), DNMT3A (DNMT3B), and NSUN6 expression levels.

Results

NSUN6 expression was signi�cantly upregulated in pan-
cancer
NSUN6's expression in various cancer databases was �rst evaluated in this work in order to determine the
level of NSUN6 expression in pan-cancer. Data from GTEx (Fig. 1A), CCLE (Fig. 1B), and TCGA (Fig. 1C)
showed NSUN6 expression levels to be similar across the three datasets. Figure 1A shows that NSUN6
expression was lower in muscle and blood than in other tissues, but higher in the testis and pituitary than
in other tissues. NSUN6 expression was lower in salivary glands than in other tissues, as depicted in
Fig. 1B. Comparatively, the TCGA database shows that the NSUN6 gene is signi�cantly expressed in
COAD (ESCA) and HNSC (KIRC), as well as in LUAD (LUSC), PRAD (RAD), READ (STAD), and KIRP (KIRP).
The expression of NSUN6 in the TCGA and GTEx datasets was further integrated in light of the small
amount of normal sample data in TCGA. The �nal analysis revealed that NSUN6 expression was
downregulated in CHOL, GBM, KICH, LIHC, OV, SKCM, TGCT, THCA, and UCEC, but elevated in BRCA,
COAD, ESCA, HNSC, KIRC, KIRP, LAML, LGG, LUSC, PAAD, PRAD, READ, STAD, and UCS after integration of
27 tumor modules (Fig. 1D).

Prognostic analysis of NSUN6 in pan-cancer
In the above study, the expression levels of NSUN6 in various tumor tissues were revealed. To understand
the relationship between NSUN6 and tumor prognosis, one-way Cox regression analysis was used to
analyze NSUN6 expression levels and patient prognosis. Based on the TCGA database data, NSUN6
expressions were grouped into high and low expression groups according to the median value of NSUN6
expression in each tumor. It was further observed that NSUN6 was only expressed in ACC (HR = 1.1,
95CI%: 1.02–1.17, P = 0.0083), BLCA (HR = 0.97, 95CI%: 0.95–0.99, P = 0.0025), COAD(HR = 1.08, 95CI%:
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1.02–1.14, P = 0.011), KIRC(HR = 1.07, 95CI%: 1.02–1.13, P = 0.0033), LGG(HR = 0.94, 95CI%: 0.91–0.97,
P = 0.00033), PAAD (HR = 0.91, 95CI%: 0.84–0.98, P = 0.012), SARC(HR = 1.07, 95CI%: 1.01–1.12, P = 
0.012) and T H C A (HR = 1.12, 95CI%: 1.02–1.22, P = 0.014) with of prognostic signi�cance in 33 tumors
(Fig. 2). In addition, the relationship between NSUN6 and ACC, BLCA, COAD, KIRC, LGG, PAAD, SARC, and
THCA was further observed by K–M plotting survival curves (Fig. 3). It suggested that there was an
association between NSUN6 and tumor prognosis, especially with LGG. Considering the possible
existence of non-tumor-related deaths during follow- up, we analyzed the relationship between NSUN6
expression levels and prognostic DSS (disease-speci�c survival) in 33 tumors of TCGA. The results of the
analysis showed that NSUN6 was related to ACC (HR = 1.1, 95CI%: 1.03–1.18, P = 0.0065), BLCA (HR = 
0.96, 95CI%: 0.64–0.99, P = 0.0042), LGG (HR = 0.95, 95CI%: 0.91–0.98, P = 0.00088), PAAD (HR = 0.89,
95CI%: 0.81–0.97, P = 0.0078), PCPG (HR = 1.24, 95CI%: 1-1.54, P = 0.048) ,SARC(HR = 1.07, 95CI%: 1.01–
1.13, P = 0.018), SKCM(HR = 0.96, 95CI%: 0.92-1, P = 0.036), and THCA(HR = 1.21, 95CI%: 1.09–1.33, P = 
0.00017) revealing that NSUN6 and DSS had prognostic signi�cance (Fig. 4). NSUN6 was also shown to
be a predictive predictor of tumor DSS by the K–M survival curve (Fig. 5).

Tumor metabolic and immune signaling pathways involved
in NSUN6
A GSEA analysis was performed to examine the signaling enrichment of KEGG and markers in both
groups according to NSUN6 gene expression, which was separated into high and low groups, in order to
better understand the relationship between NSUN6 involvement in cancer metabolism and tumor
immunity. In addition, we identi�ed the six signaling pathways that were most prevalent in each of the
databases. (Figs. 6A-D).

Correlation between NSUN6 expression levels and immune
checkpoints and immune neoantigens in pan-cancer
Immune checkpoints are a series of molecules that are expressed in immune cells and can modulate
immune activity [24]. On the contrary, new tumor antigens are newborn antigens encoded by mutant
genes in tumor cells. The immune activity of new tumor antigen is used to promote the synthesis of new
antigen vaccine [25]. NSUN6's role in regulating the immune system was explored this time by examining
the association between NSUN6 and immunological checkpoints and neoantigens. More than 40
checkpoints, including KICH, UVM, and NSUN6, were found to connect with NSUN6 expression levels in
diverse cancers (Fig. 7A). In some cancers, NSUN6 was found to have an important function in modifying
immunological checkpoints and may be able to boost immunity. In addition, we counted the amount of
neoantigens present in each type of tumor in the current study. The results showed that NSUN6 was only
correlated in BRCA (R = -0.128, P = 0.00055), THCA (R=-0.013,P = 0.0464) and STAD (R = 0.174, P = 
0.0069) (Fig. 7B).

Correlation between NSUN6 and tumor immune in�ltration
and the tumor microenvironment in pan-cancer
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The difference in the degree of in�ltration of different immune cells is closely related to the progression
and prognosis of the tumor[26]. By contrast, the tumor microenvironment consists of a variety of cells,
ECM, and related factors that have an important impact on the diagnosis, survival, and clinical treatment
sensitivity of the tumor[27]. As part of this work, we looked examined NSUN6's immune in�ltration and
the tumor microenvironment in various malignancies. A total of 3 most relevant tumors (BLCA, KIRC,
KIRP) were identi�ed after analyzing 33 tumors in the TCGA database. Among these tumors, NSUN6 was
positively correlated with B cells (R = 0.165, P < 0.001), but negatively associated with CD4 + T cells (R =
-0.286, P < 0.001), CD8 + T cells (R= -0.376, P < 0.001), Dendritic (R = -0.506, P < 0.001), Macrophages (R =
-0.228, P < 0.001), and Neutrophil cells (R = -0.453, P < 0.001) in BLCA. In addition, NSUN6 was positively
correlated with CD4 + T cells (R = 0.323, P < 0.001), CD8 + T cells (R = 0.139, P < 0.001), Neutrophils (R = 
0.289, P < 0.001), macrophages (R = 0.127, P < 0.05) and dendritic cells (R = 0.113, P < 0.001) in KIRC.
Furthermore, NSUN6 was positively correlated with CD4 + T cells (R = 0.144, P < 0.05), Neutrophil cells(R = 
0.205, P < 0.001) ,but negatively related to B cells(R=-0.199,P < 0.001), CD8 + T cells(R=-0.307, P < 0.001),
Macrophages(R=-0.219, P < 0.001) in KIRP (Fig. 8A).

Researchers in this study looked at the link between NSUN6 and tumor immune in�ltration as well as the
tumor microenvironment in pan-cancer. Each tumor sample was evaluated using the R package
(ESTIMATE) and the association between NSUN6 expression levels and the immunological score, stromal
score, and the immune score of ESTIMATE was analyzed individually. BLCA (R = − 0.44, p < 0.001), LGG
(R = − 0.441, p < 0.001), PRAD (R = − 0.31, p < 0.001) stromal scores were negatively correlated with
NSUN6 expression levels. We showed the top three tumors in which BLCA (R = − 0.44, p < 0.001), GBM (R 
= − 0.432, p < 0.001), THCA (R = − 0.23, p < 0.001) immune scores were negatively correlated with NSUN6
expression levels in 33 tumors. In addition, the immune scores of BLCA(R = − 0.44, P < 0.001), LGGG (R = − 
0.441, P < 0.001), GBM (R = − 0.432, P < 0.001) ESTIMATE were found to be negatively correlated with
NSUN6 expression levels (Fig. 8B). NSUN6 was found to be negatively related correlation with both tumor
immune scores based on these �ndings.

TMB and MSI analyses of NSUN6 expression in pan-cancer
TMB can be used to assess the total number of substitutions and insertions/deletions per megabyte of
exons in tumor samples and to predict the success and prognosis of immune-checkpoint therapy [28].
MSI is caused by a mismatch repair (MMR) gene defect and is associated with tumorigenesis [29]. We
investigated the link between NSUN6 in TMB and MSI in the current study. A Spearman correlation
analysis showed that NSUN6 expression levels were positively correlated with SKCM and STAD, and
negatively with UCEC, UVM and BLCA, as well as TGCT, SARC, KIRC, KIRP, LGG and LIHC. This was in
contrast to the correlations found between NSUN6 expression levels and SKCM, STAD, SARC, TGCT, DLBC
and GBM (Fig. 9A). MSI cancers had NSUN6 expression levels identi�ed using Spearman test analysis.
According to Spearman test analysis, NSUN6 expression levels were positively connected with LUSC,
LUAD, LGG, KIRP, HNSC, and GBM, ESCA, COAD, CHOL, UCEC, and THCA; negatively correlated with SKCM
and TGCT; and unrelated to DLBC and LIHC (Fig. 9B).
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In pan carcinoma, the expression of NSUN6 and MMR
genes and methyl-transferases are linked
This study used the TCGA database to examine the association between the NSUN6 gene and the MMR
gene family (MLH1, MSH2, MSH6, PMS2, EPCAM). All 33 cancers except LIHC and UCS had NSUN6
expression levels that were associated with MMR genes, according to the study (Fig. 10A). NSUN6
expression levels were also shown to be strongly and positively linked with the expression levels of both
methyltransferases (Fig. 10B). According to these �ndings, NSUN6 is involved in cancer development and
has epigenetic features that govern a variety of malignancies.

Discussion
RNA methylation is a new frontier of research on epitopes, representing a new level of genetic information
control[13]. Messenger RNA (mRNA), transporter RNA (tRNA) and enhancer RNA (enhancer RNA) have
been proved to have many methylation markers, such as 5- methylcytosine (m5c), n-6- methyladenosine
(m6A)[13]. Previous study demonstrated that RNA methylation is also associated with malignant
tumors[30]. For example, an m6A-labeled eraser ALKBH5 has been shown to maintain the stemness of
glioma[31].

Epigenetic marker, 5- methylcytosine gene (5mC), is stored on both DNA and RNA. Although the
information of 5mc DNA methyltransferases (DNMTs) is available, some studies have shown that 5mc is
deposited on RNA by a group of RNA methyltransferases called NSUNs[13]. These enzymes belong to
Nol1P/Nop2/SUN domain[32], which including NSUN1, NSUN2, NSUN3, NSUN4, NSUN5, nsun6 and
NSUN7[13].

NSUN6 (NOP2/Sun RNA Methyltransferase 6) is a Protein Coding gene, is involved in the regulation of
signaling pathways including tumor proliferation, occurrence, and metastasis[33]. NSUN6, as a new m5C
RNA methylation regulators, had the potential to become ideal diagnostic biomarker. Here, we discovered
that nsun6 expression levels differed widely across a range of malignancies, and that these differences
were directly linked to the prognosis of cancer patients. Furthermore, nsun6 overexpression has been
linked to a poor prognosis in other studies. NSUN6 is also strongly linked to tumor immunity and interacts
with a variety of tumor-speci�c immune cells. DNA methylation and ICP, TMB, MSI, MMRs, and MSI were
all associated positively with NSUN6 expression. It is clear that NSUN6 is an independent biomarker for a
wide range of malignancies, as evidenced by the results of this study. The extracellular matrix receptor
interaction, metabolism, and cell adhesion in triple-negative breast cancer were all found to be in�uenced
by NSUN6 deregulation (TNBC)[33]. C Cell-cell interaction and adhesion are critical mediators of cancer
development, as they enhance cancer features such as immune evasion and metastatic spread, hence
altering cancer prognosis [34]. These connections may account for the positive link between increased
NSUN6 expression and poor prognosis in tumor patients, implying that NSUN6 can be employed as a
prognostic biomarker for a variety of tumor types.
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There are tumor stem cells, immune cells and other molecules in the tumor microenvironment that are
helpful to the occurrence and development of tumors[35].Generally, immunization of cells in tumor
microenvironment (TME) is an integral part of an anti-tumor strategy to prevent tumor cells from being
killed[36]. There is a scarcity of studies on the interaction of NSUN6 with immune cells or the
immunological microenvironment. The purpose of this study was to determine the relationship between
NSUN6 expression and immune cells. We discovered a substantial association between NSUN6
expression and immune cell in�ltration levels in a variety of cancers, most notably BLCA, KIRC, and KIRP.
These �ndings suggested that NSUN6 was involved in the recruitment and control of immune in�ltrate
cells in a variety of malignancies.

Immune-checkpoint inhibitors have been proved to play an important role in tumor treatment[37, 38]. In
addition, the application of immune checkpoint inhibitor enhanced cancer immunity via blocking immune
checkpoint receptors, inhibiting tumor metastasis and recurrence, and reducing off-target adverse
reactions[39]. nhibition of the PD-1/pd-l1 axis with immune checkpoint inhibitors (ICI) such as nivolumab
and pembrolizumab has emerged as a new therapy option for metastatic gastric cancer [40]. Previous
studies have shown that immune checkpoint blockers have anti-tumor drug resistance[41]. Our research
discovered a signi�cant correlation between NSUN6 and many immune checkpoint genes in a variety of
tumor types, implying that aberrant NSUN6 expression may be associated with chemotherapy treatment
resistance. As a result, NSUN6 may be employed as a novel anticancer immunotherapy target or in
combination with established checkpoint inhibitors to increase tumor immunity and response.
Additionally, the �ndings indicate that NSUN6 may be a suitable target for anti-tumor immunotherapy.
Combining the deletion of the NSUN6 gene with chemotherapeutic medicines may become a novel anti-
tumor technique.

A major role of the match repair is to identify errors in the DNA replication process and repair them in
order to maintain genetic stability[42]. Mismatch repair (MMR) proteins cooperate with each other to
identify, delete and repair mismatched bases. Mismatch repair function can lead to errors in DNA
replication, resulting in abnormal DNA structure, the emergence of highly mutated subtypes and the
emergence of tumors[43, 44]. For instance, mutations in MMR genes that result in the occurrence of
colorectal cancer[45]. To assess tumor somatic mutations, we examined the association between the
expression of �ve MMR-related genes, including MLH1, MSH2, MSH6, PMS2, EPCAM, and NSUN6.

DNA methylation is one of the most studied epigenetic modi�cations in mammals[46].

Additionally, DNA methyltransferase (DNMT), the primary regulator of DNA methylation, is comprised of
the enzymes DNMT1, DNMT2, DNMT3a, and DNMT3b [47, 48]. Aberrant DNA methylation occurs at every
stage of tumor occurrence and development, and DNMT is strongly expressed for the �rst time in
precancerous lesions, implying that abnormal DNA methylation may be one of the early molecular events
associated with tumor occurrence and development [49, 50]. Furthermore, DNMT was found to be
strongly linked with tumor patient prognosis and may be employed as a target for tumor therapy [51–54].
The data indicated a strong correlation between NSUN6 expression and MMRs and DNA methylation,
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particularly in COAD, HNSC, STAD, LAML, UCEC, and READ. As a result, it is plausible to conclude that
NSUN6 plays a critical role in mismatch repair and DNA methylation in pan-cancer, and that additional
research on NSUN6 expression and tumor immunity may aid in the development of novel immunotherapy
strategies.

Our research, however, has certain drawbacks. To begin, it is suggested that the degree of NSUN6
expression is associated with the prognosis and immune in�ltration of universal cancer. At the moment,
there is no direct evidence that NSUN6 in�uences cancer prognosis via immunological checkpoints or
tumor alterations. Second, assessment and analysis are carried out by merging numerous information
databases, however the majority of data in the database originates from gene chip and sequencing
experiments, leaving out su�cient experimental and clinical data. This will have some effect on the
results, and so in vitro and in vivo research are required to con�rm and clarify the correlation between
NSUN6 expression and tumor immune in�ltration. Finally, the expression of the NSUN6 gene is
determined using mRNA levels from the aforementioned databases, which may not adequately re�ect the
level of functional proteins.

Conclusion
We discovered that NSUN6 was variably expressed in pan-cancers and that aberrant expression was
related with tumor progression in the current investigation. Immune checkpoints, immune cell in�ltration,
the tumor microenvironment, TMB, MSI, and DNA methylation were all related with abnormal NSUN6
expression. NSUN6 has potential as a tumor prognostic marker.
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Figures

Figure 1

Levels of NSUN6 expression in pan-cancer. (A) Using the GTEx dataset, we analyzed NSUN6 expression
levels in pan-cancer. (B) Using the CCLE dataset, analysis of NSUN6 expression levels in various cancer
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cells. (C) Using the TCGA database, analysis of NSUN6 expression levels in pan-cancer. (D) Integration of
the GTEx and TCGA databases in order to obtain 27 tumor modules and analyze their NSUN6 expression
levels. * indicates a P value of 0.05 in comparison to the control, ** indicates a P value of 0.01 in
comparison to the control, and *** indicates a P value of 0.001 in comparison to the control.

Figure 2

One-way Cox regression analysis of the relationship between NSUN6 and OS in 33 tumors, illustrated with
forest plots.
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Figure 3

Relationship between NSUN6 and PAAD, THYM, and UVM OS. (A) The relationship between NSUN6 high
and low expression levels and PAAD OS was analyzed using K–M survival. (B) Relationship between
NSUN6 high and low expression levels and THYM OS using K–M survival analysis. (C) The relationship
between NSUN6 high and low expression levels and UVM OS using K–M survival analysis.
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Figure 4

Analysis of the relationship between NSUN6 and DSS in 33 tumors using one-way Cox regression,
presented using forest plots.
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Figure 5

Relationship between NSUN6 and KIRP, THCA, THYM, UVM DSS. (A) The relationship between NSUN6
high and low expression levels and KIRP DSS was analyzed by K–M survival. (B) The relationship
between NSUN6 high and low expression levels and THCA DSS was analyzed using K–M survival. (C)
Relationship between NSUN6 high and low expression levels and THYM DSS using K–M survival
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analysis. (D) Relationship between NSUN6 high and low expression levels and UVM DSS using K–M
survival analysis.

Figure 6

Enrichment of NSUN6 signaling in KEGG and markers. (A) and (B) GSEA analysis of the top three NSUN6-
signaling pathway correlations in the KEGG database. (C) and (D) GSEA analysis of NSUN6 using the
marker dataset's top three signaling pathway correlations.
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Figure 7

Analysis of the correlation between NSUN6 expression levels and immunological checkpoints and
neoantigens. (A) Correlation analysis between the levels of NSUN6 expression and immune checkpoint
gene expression in distinct malignancies. (B) Correlation analysis of NSUN6 expression levels in various
tumors with the number of neoantigens in tumors. * indicates correlation difference of P < 0.05, **
indicates correlation difference of P < 0.01, *** indicates correlation difference of P < 0.001
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Figure 8

Correlation between NSUN6 expression and immune in�ltration and microenvironment of tumors. (A)
Analysis of the correlation between NSUN6 expression and immune cell in�ltration in HNSC, KIRC, and
PAAD. (B) Correlation between NSUN6 expression levels and ESTIMATES' immunological, stromal, and
immune scores.
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Figure 9

TMB and MSI analyses of the level of NSUN6 expression in relation to (A) Spearman correlation analysis
was used to determine the association between NSUN6 and TMB in pan-cancer. (B) Spearman correlation
analysis was used to determine the association between NSUN6 and MSI in pan-cancer.
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Figure 10

Correlation between the level of NSUN6 expression and the MMR gene and methyl transferase. (A)
Spearman test to analyze the correlation between NSUN6 expression level and MMR gene in various
tumors. (B) Spearman test to analyze the correlation between NSUN6 expression level and methyl
transferase in various tumors. * Indicates that EPCAM, PMS2, MSH6, MSH2, MLH1 and NSUN6 are
correlated in tumors, P<0.05. **Indicating that EPCAM, PMS2, MSH6, MSH2, MLH1 and NSUN6 are
correlated in tumors, P< 0.01. *** means EPCAM, PMS2, MSH6, MSH2, MLH1 and NSUN6 are correlated
in tumors, P<0.001.


