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Jun Chen1#, Zejun Dong2,3#, Biaodong Li1, Zhiliang Nie1, Jiaxuan Qiu1

1Department of Oral and Maxillofacial Surgery, The First Affiliated Hospital, Jiangxi Medical College, Nanchang University, Nanchang, 

China; 2Innovation Center for Diagnostics and Treatment of Thalassemia, Nanfang Hospital, Southern Medical University, Guangzhou, China; 
3Department of Medical Genetics, School of Basic Medical Sciences, Southern Medical University, Guangzhou, China

Contributions: (I) Conception and design: J Qiu; (II) Administrative support: J Chen, Z Dong; (III) Provision of study materials or patients: J Chen, Z 

Dong; (IV) Collection and assembly of data: B Li, Z Nie; (V) Data analysis and interpretation: J Chen, Z Dong; (VI) Manuscript writing: All authors; 

(VII) Final approval of manuscript: All authors.
#The authors contributed equally to this work.

Correspondence to: Jiaxuan Qiu, MD, PhD. Department of Oral and Maxillofacial Surgery, The First Affiliated Hospital, Jiangxi Medical College, 

Nanchang University, No. 17, Yongwaizheng Street, Donghu District, Nanchang 330006, China. Email: qiujiaxuan@163.com.

Background: Oral squamous cell carcinoma (OSCC) is a highly aggressive malignancy that is characterized 
by early distant metastasis and poor prognosis. DNA methylation plays an important role in the etiology 
and pathogenesis of OSCC. This study aimed to identify methylation-driven genes through bioinformatics 
analysis as potential biomarkers for early diagnosis and prognostic assessment of OSCC.
Methods: Methylation data, RNA sequencing (RNA-seq) data and clinical prognosis information of OSCC 
patients were retrieved from The Cancer Genome Atlas (TCGA) database. The R packages MethylMix were 
employed to analyze the correlation between methylation status and corresponding gene expression in tumor 
and normal tissues to obtain methylation-driven genes. Univariate Cox regression analysis was developed 
to further screen methylation-driven genes associated with the prognosis of OSCC patients. Subsequently, 
multivariate Cox regression analysis was utilized to construct a linear prognostic risk prediction model. 
Furthermore, a combined survival analysis integrating methylation and gene expression was performed to 
investigate the prognostic value.
Results: A total of 374 differentially expressed methylation-driven genes were identified. Seven 
methylation-driven genes (BST2, KRT15, ZNF134, NT5E, GSTA7P, NAPRT, and GOLPH3L) were found 
to be significantly associated with patient prognosis. Additionally, four methylation-driven genes (BST2, 
KRT15, ZNF134 and NAPRT) were used to construct a linear prognostic risk prediction model for OSCC 
patients. Furthermore, a combined Kaplan-Meier survival analysis revealed that three methylation-driven 
genes (ZKSCAN7, MFF, ZNF134) alone can be used as independent prognostic markers or drug targets.
Conclusions: Our findings facilitate a better understanding of molecular mechanisms of OSCC and 
provide potential biomarkers of early diagnosis, precision treatment and prognosis evaluation.
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Introduction

Head and neck cancer (HNC) ranks as the seventh most 
prevalent malignant tumor globally (1). The majority of 
HNC cases are head and neck squamous cell carcinomas 
(HNSCC) (2). Among HNSCC, oral squamous cell 
carcinoma (OSCC) represents  the most  common 
histological subtype, with an annual incidence exceeding 
300,000 cases (3). OSCC is characterized by its high 
malignancy, aggressiveness, and propensity for distant 
metastasis, leading to a poor prognosis (4). Early diagnosis 
of OSCC is challenging due to its insidious onset, resulting 
in a significant proportion of patients being diagnosed at 
advanced stages (5). Despite advancements in diagnostic 
and treatment approaches over the past few decades, the 
five-year overall survival rate remains below 50 percent (6).  
Timely diagnosis of OSCC enables surgical resection 
and improves patient survival rates (7). Additionally, 
the identification of specific prognostic markers and the 
establishment of a reliable prognostic assessment system are 
crucial for accurate prediction of patient life expectancy (8). 

Epigenetics, a subdiscipline of genetics, investigates 
heritable changes in gene expression without alterations 
in the nucleotide sequence (9). It encompasses various 
mechani sms  such  a s  DNA methy la t ion ,  h i s tone 

modification, and regulation by non-coding RNAs (10). 
DNA methylation, one of the extensively studied epigenetic 
modifications, has been implicated in the occurrence 
and progression of numerous malignant tumors (11-13). 
Consequently, an increasing number of researchers are 
focusing on DNA methylation studies, aiming to discover 
specific methylation markers that can enhance early 
diagnosis rates and predict tumor prognosis (14-17). 

The Cancer Genome Atlas (TCGA) database, renowned 
as the largest cancer genome repository globally, not only 
has genetic variant and epigenetic data, but also offers 
comprehensive and standardized clinical information of 
patients (18). MethylMix, an R-based algorithm, integrates 
DNA methylation data from both normal and tumor 
samples and correlates them with gene expression data to 
identify potential methylation-driven genes (19). In this 
study, we extracted DNA methylation and RNA sequencing 
(RNA-Seq) data of OSCC from the TCGA database 
and employed the MethylMix algorithm to determine 
specific methylation-driven genes associated with OSCC. 
Subsequently, we identified seven methylation-driven 
genes significantly associated with patient prognosis using 
univariate Cox regression analysis. Furthermore, four 
methylation-driven genes were selected via multivariate 
Cox regression analysis to construct a linear prognostic risk 
assessment model. Lastly, we conducted a combined survival 
analysis of DNA methylation and gene expression to shed 
light on the exploration of novel methylation-driven genes 
as diagnostic markers and prognostic indicators for OSCC. 
We present this article in accordance with the TRIPOD 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-2303/rc). 

Methods

Data collection

The data for this study were all obtained from the TCGA 
HNSCC datasets (https://portal.gdc.cancer.gov/). Among 
them, the DNA methylation data in the TCGA database 
were generated using the Illumina Infinium Human 
Methylation450k platform comprising 390 samples  
(34 normal samples and 356 cancer samples). The 
transcriptome profiling data were retrieved from 32 normal 
samples and 341 tumor samples from the IlluminaHiSeq 
RNASeq platform. Additionally, clinical data from 
307 OSCC patients with complete information were 
downloaded. The study was conducted in accordance with 
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the Declaration of Helsinki (as revised in 2013).

Identification of methylation-driven genes

TCGA transcriptome data were normalized and analyzed 
using the limma R package in R software to identify 
differentially expressed genes (DEGs). The R package 
MethylMix was used to integrate and analyze methylation 
data and gene expression data based on the Wilcoxon rank 
sum test to identify methylation-driven genes. Three types 
of datasets were analyzed in MethylMix as input: DNA 
methylation data from the normal group, DNA methylation 
data from the tumor group, and messenger RNA (mRNA) 
expression data from the tumor group. Subsequently, 
DNA methylation data and mRNA expression data were 
integrated using R for further analysis. In this study, 
341 OSCC samples with matched DNA methylation 
and mRNA expression data as well as 34 non-OSCC 
samples with DNA methylation data were integrated for 
correlation analysis. The analysis was conducted using 
the Wilcoxon rank sum test, with significance thresholds 
set at log2fold change (FC) >0, P<0.05, and Cor <−3. 
Next, we calculated by the correlation between DNA 
methylation and mRNA expression. Methylation-driven 
genes were identified using the β-mixed model. Clustering 
of the methylation-driven genes was performed using  
R software. 

Functional enrichment and pathway analysis of 
methylation-driven genes

Functional-enrichment analysis of methylation-driven genes 
including Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analyses were performed using 
R. A statistical significance threshold at P<0.05 was applied 
for both GO and KEGG pathway enrichment analyses. The 
significant results were visualized using the GOCircle as well 
as GOChord plotting of GOplot R package.

Construction of prognostic risk assessment model in OSCC

DNA methylation and mRNA expression data and the 
corresponding clinical data of OSCC were merged 
using a Perl script. Univariate Cox regression analysis 
was performed to further screen methylation-driven 
genes correlated with the prognosis of OSCC patients. 
Subsequently, multivariate Cox regression analysis was 
employed to construct the prognostic risk assessment 

model. OSCC patients were divided into high- and low-
risk cohorts based on the median risk score. Kaplan-Meier 
survival curves for the two groups were generated using the 
survival R packages to estimate the predictive ability of the 
risk model.

Independent prognostic analysis

A total of 307 OSCC patients with complete clinical 
information were retrieved from the TCGA database. The 
patients’ survival status was recorded as 0 for survival and 
1 for death. Clinical grades were categorized as follows: 
G1 as 1, G2 as 2, and G3 as 3. Similarly, the tumor, node, 
metastasis (TNM) clinical stages, a system frequently 
utilized in medical oncology for cancer staging based 
on tumor extent (T), regional lymph node involvement 
(N), and distant metastasis presence (M), were assigned 
numerical values: stage I as 1, stage II as 2, stage III as 3, 
and stage IV as 4. Perl scripts were utilized to integrate 
the clinical information and the corresponding risk values. 
Subsequently, the integrated data underwent univariate and 
multivariate Cox independent prognostic analyses in R. 
Statistical significance was determined at a significance level 
of P<0.05. Receiver operating characteristic (ROC) curves 
were plotted for each factor using R.

Combined survival analysis of DNA methylation and gene 
expression

To further investigate the effect of the methylation status 
and gene expression level of the identified methylation-
driven key genes on OSCC patient prognosis, a combined 
survival analysis of DNA methylation and gene expression 
was performed using the survival R package. Statistical 
significance was determined using the log-rank test, with a 
significance level of P<0.01.

Statistical analysis

All statistical analyses were performed in R software 
(3.5.0). Methylation data and transcriptome data were 
analyzed using the MethylMix R package to identify 
methylation-driven genes based on the Wilcoxon rank 
sum test, P<0.05 was considered statistically significant. 
Statistical significance in combined survival analysis of 
DNA methylation and gene expression was determined 
using the log-rank test, and P<0.01 was considered 
statistically significant.
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Results

Identification of methylation-driven genes in OSCC

A total of 374 methylation-driven genes were identified using 
MethylMix R package as shown in https://cdn.amegroups.
cn/static/public/tcr-23-2303-1.xlsx (logFC >0, P<0.05, Cor 

<−0.3). To visualize the differential expression of methylation-
driven genes in each sample, a heat map was generated using 
R software (Figure 1A). Six representative methylation-driven 
genes (ZNF582, ZNF583, C15orf56, ZNF471, GBP4, and 
BST2) (Figure 1B-1G) demonstrated a significant negative 
correlation between the degree of methylation and gene 

Figure 1 Heat map of methylation-driven genes and correlation between DNA methylation and mRNA expression. (A) The hierarchical 
clustering heat map of methylation-driven genes in OSCC. The color ranges from green to red in order to indicate low to high level of 
gene methylation. (B-G) The correlation between the degree of methylation of methylation-driven genes and their gene expression level in 
OSCC. Cor, correlation; mRNA, messenger RNA; OSCC, oral squamous cell carcinoma.
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Figure 2 Methylation degree distribution of methylation-driven genes in OSCC samples and normal samples. The histogram in the 
figure illustrates the methylation distribution of methylation-driven genes in tumor samples. The green curve and red curve represent the 
distribution of methylation levels of methylation-driven genes in cancer samples, and the black horizontal line indicates the distribution of 
methylation-driven genes in normal samples (A-F). OSCC, oral squamous cell carcinoma.

expression level (P<0.05). The distribution of methylation 
degrees is shown in Figure 2. ZNF582 (Figure 2A), ZNF583 
(Figure 2B), C15orf56 (Figure 2C), and ZNF471 (Figure 2D) 
were hypermethylated in OSCC samples and hypomethylated 
in normal samples. Conversely, GBP4 (Figure 2E) and BST2 
(Figure 2F) exhibited hypomethylation in OSCC patients and 
hypermethylation in normal patients.

Functional enrichment and pathway analysis of 
methylation-driven genes in OSCC

To further explore the molecular functions and mechanisms 
of methylation-driven genes in OSCC, we conducted 
functional enrichment and pathway analysis using R (https://

cdn.amegroups.cn/static/public/tcr-23-2303-2.xlsx, https://
cdn.amegroups.cn/static/public/tcr-23-2303-3.xlsx). The 
results revealed the enrichment of methylation-driven genes 
in various pathways, biological processes (BPs) and cellular 
components (CCs). Functional analysis revealed that 
eight GO terms (cell-cell adhesion via plasma-membrane 
adhesion molecules, sinoatrial node development, positive 
chemotaxis, positive regulation of interferon-gamma 
production, defense response to virus, defense response to 
symbiont, positive regulation of B cell proliferation, positive 
regulation of neuroblast proliferation) displayed significant 
differences (P<0.05) (Figure 3A). The top 40 methylation-
driven genes associated with the most significant GO terms 
were shown in the GOChord plot (Figure 3B). Additionally, 
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Figure 3 Functional enrichment analysis of methylation-driven 
genes in OSCC. (A) The outer circle represents the relative 
expression levels (logFC) of methylation-driven genes between 
cancerous and normal samples in each GO term. Red dots 
represent genes that are hypermethylated in cancerous tissues and 
blue dots represent genes that are hypomethylated in cancerous 
tissues. The inner circle illustrates the overall trend of up- and 
down-regulation of methylation-driven genes in each GO term, 
with blue to red indicating the down- and up-regulation trends in 
that sequence. (B) The circle shows the methylation-driven genes 
enriched in the top 8 GO terms. GO, Gene Ontology; FC, fold 
change; OSCC, oral squamous cell carcinoma.

Figure 4 Pathway analysis of methylation-driven genes in OSCC. (A) 
The outer circle represents the relative expression levels (logFC) of 
methylation-driven genes between cancerous and normal samples in 
each KEGG term. Red dots represent genes that are hypermethylated 
in cancerous tissues and blue dots represent genes that are 
hypomethylated in cancerous tissues. The inner circle illustrates 
the overall trend of up- and down-regulation of methylation-driven 
genes in each KEGG term, with blue to red indicating the down- 
and up-regulation trends in that sequence. (B) The circle shows the 
methylation-driven genes enriched in the statistically significant 
different KEGG terms. FC, fold change; KEGG, Kyoto Encyclopedia 
of Genes and Genomes; OSCC, oral squamous cell carcinoma.

the KEGG analysis revealed four statistically significant 
pathways (Figure 4A), with “hsa05168 Herpes simplex virus 
1 infection” being the most significantly enriched pathway. 
Genes associated with this enriched pathway are displayed 
in the KEGGChord plot (Figure 4B). 

Construction of prognostic risk assessment model in OSCC

Seven methylation-driven genes significantly associated 

with patient prognosis were identified using univariate Cox 
regression analysis (Table 1). These seven methylation-
driven genes were then subjected to multivariate Cox 
regression analysis to produce a set of four genes used to 
construct a linear prognostic risk assessment model (Table 2). 
To better understand the differences in methylation levels 
of these four methylation-driven genes in the high-risk 
and low-risk groups, a heat map of these four methylation-
driven genes was drawn using R (Figure 5A). The prognostic 

logFC

logFC

Downregulated

−1 3

Upregulated
Z-score

Decreasing

GO terms

Increasing

ID Description

GO: 0098742 Cell-cell adhesion via plasma-membrane adhesion molecules

GO: 0003163 Sinoatrial node development

GO: 0050918 Positive chemotaxis

GO: 0032729 Positive regulation of interferon-gamma production

GO: 0051607 Defense response to virus

GO: 0140546 Defense response to symbiont

GO: 0030890 Positive regulation of B cell proliferation

GO: 0002052 Positive regulation of neuroblast proliferation

Cell-cell adhesion via plasma-
membrane adhesion molecules

Sinoatrial node 
development

Positive regulation of interferon-
gamma production

Positive chemotaxis

Defense response to virus Defense response 
to symbiont

Positive regulation of 
neuroblast proliferation

Positive regulation of 
B cell proliferation

A

B

ID Description

hsa05168 Herpes simplex virus 1 infection

hsa04514 Cell adhesion molecules

hsa00760 Nicotinate and nicotinamide metabolism

hsa01210 2-Oxocarboxylic acid metabolism

logFC

logFC

Downregulated

−1 2

Upregulated
Z-score

Decreasing

KEGG pathways Herpes simplex virus 1 infection Cell adhesion molecules

Nicotinate and nicotinamide metabolism 2-Oxocarboxylic acid metabolism

Increasing

A

B



Chen et al. Methylation-driven genes for patient prognosis in OSCC2898

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(6):2892-2904 | https://dx.doi.org/10.21037/tcr-23-2303

risk index = 2.156957 × expression value of NAPRT + 
(−1.30561) × expression value of BST2 + (−3.19275) × 
expression value of KRT15 + (−2.98134) × expression value 
of ZNF134. Patients were divided into high-risk (n=147 
samples) and low-risk (n=148 samples) groups according to 
the median prognostic risk index (Figure 5B). The results 
showed that significantly more patients died in the high-risk 
group than in the low-risk group (Figure 5C). Kaplan-Meier 
survival curve analysis of patients in the high-risk and low-
risk cohorts revealed that the overall survival rate of patients 
in the high-risk group was lower than that of patients in 
the low-risk group, and the difference was statistically 
significant (P<0.05) (Figure 6A). The time-dependent ROC 
curve was plotted to assess the predictive efficacy of this 
prognostic risk assessment model, and the results showed 
that the area under the curve (AUC) of the 5-year overall 
survival rate of patients predicted by this prediction risk 
model was 0.703 (Figure 6B).

Independent prognostic risk assessment model analysis

The results of univariate and multivariate Cox regression 

analysis revealed that age, TNM clinical stage, and prognostic 
risk value were significant independent prognostic factors 
for clinical prognosis (P<0.001) (Figure 7A,7B). The hazard 
ratios for age, TNM clinical stage, and risk score were 1.035 
[95% confidence interval (CI): 1.017–1.054], 1.617 (95% CI: 
1.294–2.019), and 2.057 (95% CI: 1.549–2.730), respectively. 
The area under the ROC curve (AUC) for predicting 5-year 
survival using age, TNM stage, and risk values were 0.597, 
0.654, and 0.703, respectively (Figure 7C).

Combined survival analysis of DNA methylation and gene 
expression

The combined Kaplan-Meier survival curve analysis of 
methylation and gene expression revealed a significant 
association between three methylation-driven genes 
and the overall survival rate of OSCC patients (P<0.01) 
(Figure 8). Patients with hypermethylation and low 
expression of ZKSCAN7 demonstrated a lower overall 
survival rate compared to those with hypomethylation 
and high expression (Figure 8A). Conversely, patients with 
hypermethylation and low expression of ZNF134 and MFF 

Table 1 Univariate Cox regression analysis

Gene HR HR.95L HR.95H P value

BST2 0.255504 0.068855 0.948112 0.04

KRT15 0.073547 0.008566 0.631473 0.02

ZNF134 0.056086 0.008011 0.39268 0.004

NT5E 4.123583 1.107377 15.35515 0.03

GSTA7P 0.427264 0.187175 0.975316 0.04

NAPRT 5.812477 1.050916 32.14805 0.04

GOLPH3L 0.342956 0.128327 0.916559 0.03

HR, hazard ratio; HR.95L, lower bound of hazard ratio at 95% confidence level; HR.95H, upper bound of hazard ratio at 95% confidence 
level.

Table 2 Multivariate Cox regression analysis

Gene Coef HR HR.95L HR.95H P value

BST2 −1.30561 0.271008 0.072773 1.009235 0.05

KRT15 −3.19275 0.041059 0.004929 0.342016 0.003

ZNF134 −2.98134 0.050725 0.006984 0.368397 0.003

NAPRT 2.156957 8.644795 1.498416 49.87433 0.02

Coef, coefficient; HR, hazard ratio; HR.95L, lower bound of hazard ratio at 95% confidence level; HR.95H, upper bound of hazard ratio at 
95% confidence level.
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Figure 5 Heat map of these four methylation-driven genes (NAPRT, BST2, KRT15 and ZNF134) and the prognostic evaluation of a linear 
prognostic risk assessment models constructed by these four methylation-driven genes. (A) The hierarchical clustering heat map of the four 
methylation-driven genes (NAPRT, BST2, KRT15 and ZNF134) in OSCC. The color ranges from green to red in order to indicate low 
to high level of gene methylation. (B) Patient risk score distribution. The green dot represents low risk score, the red dot represents high 
risk score. (C) Relationship between patient survival status and risk score. The green dot represents survival, the red dot represents death. 
OSCC, oral squamous cell carcinoma.

exhibited a higher overall survival rate compared to those 
with hypomethylation and high expression (Figure 8B,8C).

Discussion

OSCC is characterized by a high degree of malignancy, 
invasiveness and susceptibility to distant metastases, 
resulting in a poor prognosis (4). Moreover, the insidious 
onset of OSCC makes early diagnosis difficult (5). 
Therefore, early diagnosis and effective prognostic 
evaluation of OSCC are crucial.

In the present study, we obtained 374 methylation-
driven genes and established a prognostic risk assessment 
model that could effectively predict patients’ prognostic 

survival by comprehensively analyzing OSCC methylation 
data and transcriptome data in the TCGA database through 
bioinformatics technology. Furthermore, three methylation-
driven genes, ZKSCAN7, MFF and ZNF134, were found 
to be closely associated with patient survival by combined 
survival analysis of DNA methylation and gene expression. 
These findings hold potential implications for the early 
diagnosis, targeted therapy, and prognostic evaluation of 
OSCC patients.

DNA methylation plays a significant role in tumorigenesis 
and development, with many tumors exhibiting tumor 
suppressing genes (TSGs) promoter hypermethylation or 
oncogenes promoter hypomethylation (12). Therefore, 
more and more scholars are devoted to the research related 
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Figure 6 Kaplan-Meier survival curve and ROC curve for the linear prognostic risk assessment model constructed by four methylation-
driven genes (NAPRT, BST2, KRT15 and ZNF134). (A) Kaplan-Meier curve analysis of prognostic risk assessment model for overall survival 
of OSCC patients. (B) Time-dependent ROC curve of risk-prognosis models to predict 5-year survival of patients. ROC, receiver operating 
characteristic; AUC, area under the curve; OSCC, oral squamous cell carcinoma.

Figure 7 Independent prognostic analysis and multi-index ROC curves. (A) Forest plot of univariate Cox regression analysis. (B) Forest 
plot of multivariate Cox regression analysis. (C) Time-dependent ROC curve of multi-index (risk score, age, gender, clinical TNM stage 
and clinical grade) to predict 5-year survival of patients. CI, confidence interval; AUC, area under the curve; ROC, receiver operating 
characteristic; TNM, tumor, node, metastasis.
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to DNA methylation and tumor. Meanwhile, with the 
emergence of public databases and the advancement of 
bioinformatics technology, the research on methylation-
driven genes and tumors has also become a hot topic 
among scholars. For example, Li et al. identified through 
bioinformatics analysis that four methylation-driven long 
non-coding RNAs (lncRNAs) and eight methylation-driven 
mRNAs have potential as biomarkers for predicting the 
prognosis of lung adenocarcinoma (20). In addition, Lu et al.  
identified that three methylation-driven genes, ABCD1, 
CCDC8, and FBXO17, were significantly associated with 
the prognosis of esophageal squamous cell carcinoma based 
on the study of the TCGA database (21). However, no 
similar reports have been seen in OSCC. Moreover, in this 

study, the combined survival analysis of DNA methylation 
and gene expression of methylation-driven genes was also 
done, and three genes, ZKSCAN7, MFF, and ZNF134, were 
found to be closely associated with the prognostic survival 
of OSCC patients. These findings identified potential 
markers for early diagnosis, prognostic evaluation and 
targeted therapy in OSCC patients.

GO and KEGG pathway enrichment analyses of 
methylation-driven genes showed that cell-cell adhesion 
through plasma-membrane adhesion molecules were most 
significantly enriched in GO analysis, and interestingly, 
in KEGG pathway enrichment analysis, cell adhesion 
molecules also ranked as the second most significant term 
after herpes simplex virus 1 infection. The above results 

Figure 8 Kaplan-Meier survival analysis curves for combined methylation and gene expression. (A-C) The combination survival analysis of 
three genes (ZKSCAN7, MFF, ZNF134).
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suggest that differentially methylation-driven genes play a 
crucial role in regulating cell-cell adhesion in OSCC. Cell 
adhesion is a fundamental process in multicellular organisms 
and is essential for the development, maintenance and 
function of tissues (22). It has been reported that abnormal 
cell adhesion is closely associated with tumorigenesis 
and progression (23-25). Normal cells are suppressed by 
adhesion in a particular environment, i.e., they maintain 
an appropriate spacing between the same cells that are 
in the cellular matrix (26,27). In tumors, cells may lose 
this inhibition, leading to cell aggregation and abnormal 
proliferation (28,29). Tumor cells typically exhibit enhanced 
migratory and invasive capabilities, which are associated 
with their altered ability to adhere to surrounding cells and 
stroma (30). Loss of adhesion to normal tissues may make 
it easier for tumor cells to invade surrounding tissues and 
form metastases in other parts of the body (31). Therefore, 
our finding suggests that the occurrence and development of 
OSCC may be closely related to the process of cell adhesion 
and provides a specific direction for us to further investigate 
the mechanism of OSCC occurrence and development.

The combined survival analysis of DNA methylation 
and mRNA suggested that the overall survival of OSCC 
patients in the ZKSCAN7 hypermethylated and low 
expression group was lower than that in the ZKSCAN7 
hypomethylated and high expression group. This suggests 
that ZKSCAN7 may be a TSG in OSCC. ZKSCAN7 
encodes a protein belonging to the zinc finger family of 
proteins, which contains KRAB and SCAN (SRE-ZBP, 
CTfin51, AW-1, and number 18 complementary DNA) 
domains. The KRAB domain is commonly associated with 
transcriptional repression of genes, while the SCAN domain 
is associated with nucleic acid binding (32,33). No article 
has been published on ZKSCAN7 gene. This suggests 
that ZKSCAN7 may be a novel TSG in OSCC, which 
provides us with new ideas for future research. However, 
combined survival analysis of DNA methylation and mRNA 
showed that the overall survival of OSCC patients in the 
hypermethylated and low expression group of the MFF and 
ZNF134 genes was significantly higher than that of their 
hypomethylated and high expression group. 

MFF is a gene associated with the process of mitochondrial 
fission, which encodes a protein involved in the regulation 
of mitochondrial fission (34). Mitochondria play a key role 
in regulating cellular energy metabolism, cell death and 
oxidative stress (35). Abnormal mitochondrial morphology 
and function may lead to abnormal cell growth and 
metabolism, which may be associated with tumorigenesis 

and progression (36). Mitochondrial dynamics play a 
crucial role in tumorigenicity and malignancy of various 
types of cancers by promoting the tumor-initiating 
potential of cancer cells (37). A number of studies have 
reported anticancer effects through direct inter- or 
indirect modulation of MFF-induced mitochondrial fission 
process in tumors. Tang et al. reported in their study that 
overexpression of MFF was significantly upregulated in liver 
cancer-initiating cells (LCICs), promoting mitochondrial 
fission and enhancing stemness and tumor initiation in non-
LCICs. Meanwhile, TBX19/PRMT1 complex-mediated 
up-regulation of MFF promotes mitochondrial fission and 
tumor-initiating ability in liver cancer cells, thus identifying 
PRMT1 as a viable therapeutic target for liver cancer (38). 
Seo et al. reported in their study that mitochondrial fission 
modulation was performed using a peptidomimetic agent 
that disrupts the MFF-VDAC1 (voltage-dependent anion 
channel-1) complex and showed anticancer activity in a 
variety of tumor models (39). In this study, we found that 
the overall survival of OSCC patients in the hypomethylated 
and highly expressed MFF group was significantly higher 
than that in the hypermethylated and low-expression group, 
suggesting that MFF may be a key gene in the development 
of OSCC, and may serve as a new therapeutic target and 
prognostic assessment marker for OSCC. 

A previous study has reported that  ZNF134 is 
hypermethylated and low-expressed in TET2-mutated 
diffuse large B-cell lymphoma (DLBCL) (40). Pan et al. 
also reported that ZNF134 is hypermethylated and low-
expressed in HNSCC, and that the overall survival rate of 
patients with hypermethylated ZNF134 was higher than that 
of the hypomethylated group (41). Interestingly, our findings 
are consistent with those reported by Pan et al. In this paper, 
OSCC patients with ZNF134 hypermethylation and low 
expression had a better prognosis. Due to the hereditary 
and reversible character of epigenetics, the three genes 
ZKSCAN7, MFF and ZNF134 could be potential therapeutic 
targets for OSCC.

In conclusion, in our study, a total of 374 methylated-
driven genes were identified in association with OSCC. 
Additionally, a prognostic risk assessment model was 
constructed for OSCC and three genes (ZKSCAN7, 
MFF and ZNF134) significantly associated with patient 
prognosis were discovered. Nevertheless, it is important 
to acknowledge the limitations of this study. The findings 
were solely derived from bioinformatics analysis, without 
validation of the prognostic risk assessment model in a 
clinical setting. Additionally, three methylation-driven 
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genes associated with OSCC prognosis were based on 
bioinformatics analysis without experimental validation. 
In the follow-up study, we will try to verify the clinical 
significance of this prognostic risk assessment model 
by clinical samples. Meanwhile, the detailed biological 
functions and molecular mechanisms of the three genes 
(ZKSCAN7, MFF and ZNF134) in OSCC will be explored 
by in vitro and in vivo experiments.

Conclusions

Our findings established a crucial bioinformatics foundation 
and pertinent theoretical framework to facilitate subsequent 
early diagnosis, targeted therapy, and prognostic assessment 
in OSCC patients.
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