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Background: Cervical cancer is a major global health burden, especially in 

low- and middle-income countries with limited access to screening and 

treatment. DNA methylation, an epigenetic modification, critically regulates 

gene expression and cancer progression. This study investigates the relationship 

between DNA methylation and gene expression in cervical cancer to identify 

potential biomarkers and therapeutic targets. 

Objective: To identify potential novel biomarkers in cervical cancer specific to 

DNA methylation using analytical pathways. 

Methods: We performed a comprehensive bioinformatics analysis using GEO 

datasets (GSE122697, GSE63514, GSE46306, GSE168841) and TCGA data. 

Differentially methylated and expressed genes were identified, followed by 

functional pathway enrichment, validation, survival analysis, and evaluation of 

their therapeutic potential. 

Results: We identified 3 Hypo-HE oncogenes, including PDZK1IP1, TGM3, 

and S100A7 and 3 Hyper-LE TSGs such as THBS1, TMEFF1, and GREM1, 

emerged as potential biomarkers for cervical cancer.  

Conclusion: Our integrative bioinformatics analysis identified six key genes 

PDZK1IP1, TGM3, S100A7, GREM1, THBS1, and TMEFF1 as promising 

biomarkers and therapeutic targets in cervical cancer. These genes play critical 

roles in cancer progression through abnormal methylation and expression 

patterns. Targeting them may enable more precise, personalized treatment 

strategies to improve patient outcomes.  
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Introduction 

Cervical cancer, which begins in the female reproductive 

system, ranks as the fourth leading cause of cancer-related 

deaths among women (Cai et al., 2020), 90% of these 

fatalities take place in nations with low and moderate 

incomes (Gültekin et al., 2020). Over 348,189 deaths and 

roughly 661,021 new cases were reported in 2022 (Bray et 

al., 2024). Every year, many women in low status countries 

succumb to this preventable and treatable disease (Farghaly, 

2019). In response to this significant global health issue 194 

nations joined the World Health Organization (WHO) in 

launching a historic campaign called the Global Strategy to 

Accelerate the Elimination of Cervical Cancer. This policy 

lays forth aggressive targets to be met by 2030, such as 90% 

access to treatment for the cervical illness that has been 

diagnosed, 70% screening coverage for women aged 35 

years and 45 years, and 90% HPV vaccination rates for 

adolescents by the age of 15 years. By 2050, this all-

encompassing strategy seeks to avoid 5 million deaths and 

cut the number of new cervical cancer cases by more than 

40% (World Health Organization, 2022).   
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HPV is the most significant risk factor for cervical cancer 

and is found in nearly all cases (Walboomers et al., 1999). 

However, cervical cancer cannot be caused by HPV 

infection alone (Hausen, 2001). Promoter hypermethylation 

is a common feature in cervical cancer, detected in 79% of 

cervical carcinoma cases. This encompasses 71% of cases 

involving squamous cell carcinoma (SCC) and 91% of case 

related to adenocarcinoma (AC). HPV E7 DNA is present 

in 91% of these cancer cases, with HPV-16 prevalent in 

81% of SCC and HPV-18 common place in 59% of AC 

(Dong et al., 2001). The human papillomavirus (HPV) 

vaccine's ultimate objective is to shield women against 

invasive cervical cancer by avoiding infections with the 

primary HPV strains that cause cancer (Lei et al., 2020). 

Epigenetic alterations, such as histone modifications and 

DNA methylation, are important in cancer development and 

can cause heritable gene silence. DNA methylation is a 

biochemical modification in which a methyl group (CH3) is 

added to the 5th carbon of the cytosine base within DNA, 

regulating gene activity and maintaining normal cellular 

functions (Kulis and Esteller, 2010). Using S-

adenosylmethionine SAM as a methyl giver, DNA 

methyltransferases (DNMTs) catalyze this process, which 

can change gene expression without altering the underlying 

DNA sequence (Bhat et al., 2016).  

 
Fig. 1: DNA Methylation 

(A) Cytosine methylation is the process in which methyl group is added to 

the 5th carbon of the cytosine base, a reaction driven by DNMTs with SAM 

acting as the methyl donor. (B) When CpG sites within a gene’s promoter 

region are unmethylated, the gene remains active and can be transcribed 

and expressed. Conversely, methylation of these CpG sites leads to gene 

silencing, effectively switching off its expression (Kulis and Esteller, 

2010). 

 

It has been discovered that DNA methylation inactivates a 

growing number of genes throughout the formation of 

tumors, particularly those that function as tumor 

suppressors in healthy tissues (Feinberg et al., 2006). 92% 

of individuals with cervical cancer who receive an early 

diagnosis survive for five years (Xu et al., 2019).  

Despite advancements in diagnostic methods predicting 

drug sensitivity and achieving early, accurate diagnosis 

remains challenging (Li et al., 2009) (Banno et al., 2007). 

There is a chance for improved prognostic and diagnostic 

methods because current research indicates that different 

DNA methylation of genes acts a dangerous role in cervical 

carcinogenesis (Xie et al., 2019). In order to identify novel 

genes, we intend to perform a genome-wide differential 

study of the methylation status of cervical cancer using 

microarray data. Despite our growing understanding of 

cancer, there is a pressing need for new, effective clinical 

tools. This research aims to fill that gap by providing a 

Novel Biomarker in Cervical Cancer Specific to DNA 

Methylation for enhanced diagnostic precision. 

Methods 

Data Acquisition 

The GEO database was utilized to download the gene 

expression dataset, methylation profile dataset, and clinical 

data of cervical cancer patients for modelling. Two 

methylation datasets (GSE46306 using Illumina 450K and 

GSE168841 using Illumina 850K) and two mRNA 

expression datasets (GSE122697 and GSE63514, based on 

different microarray platforms) were selected. All eligible 

samples were included in the analysis. 

Inclusion criteria: 

• Invasive cervical cancer samples 

• HPV-positive cervical cancer tissues 

• Tumor samples 

• Normal cervical samples (including HPV-

negative) 

Exclusion criteria: 
• Cell lines (SiHa, HeLa, C33A) 

• CIN1, CIN2, and CIN3 lesions 
From the GSE122697 dataset (19 samples), only 11 

invasive cervical cancer samples and 5 HPV-negative 

normal controls were used. In GSE63514, 24 normal and 28 

cancer samples (out of 128) were selected. For GSE46306 

(44 samples), 24 healthy and 6 cancerous samples were 

included. All 15 samples from GSE168841 (5 normal, 10 

tumors) were used. 

Data Processing and DEG and DMG Identification 

For our study, we used R biopackages such as GEOquery 

for data retrieval and limma for identifying differentially 

expressed genes (DEGs). Samples were grouped into 

"Normal" and "Cervical Cancer," followed by log2 

transformation, normalization, and linear modeling with 

empirical Bayes methods. For differentially methylated 

genes (DMGs), we used minfi and limma, applying similar 

grouping and statistical approaches to detect key 

methylation differences. 

The criteria |logFc| > 2 and adjusted. P-value, which 

represents the P-value modified by the Benjamini–

Hochberg technique < 0.05 were used to identify DEGs, 

whereas |logFc| > 0.2 and adjusted-P-value < 0.05 were used 

to identify DMGs. Prior to establishing criteria, we looked 
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over previously published literature (Xu et al., 2019) (Liu 

et al., 2020). Following that, a list of TSG and oncogenes 

was brought from two internet databases. An application 

called Venn diagram was used to show how DEGs, DMGs, 

oncogenes, and TSGs cross (Chen and Boutros, 2011). This 

led to the identification of hypermethylated downregulated 

TSGs and hypomethylated upregulated oncogenes. 

Pathways Analysis of Abnormally Methylated DEGs 

We used an online program called DAVID to assess KEGG 

pathway and the GO function for the genes we chose 

(Dennis et al., 2003). A P-value of below than 0.05 indicates 

statistical appropriate. 

Validation of the Selected Genes   

Online software UALCAN was utilized to further validate 

the expression profiles of TSGs and oncogenes 

(Chandrashekar et al., 2022). Similarly, the TCGA database 

was used to validate the genes that were differentiated and 

expressed with aberrant methylation. The Human Protein 

Atlas database was used to assess the immunohistochemical 

staining results from the normal and malignant cervical 

samples in order to validate the translational level of certain 

oncogenes/TSGs. Based on the gene expression status, 

survival analysis was carried out utilizing GEPIA (Tang et 

al., 2017) and TISIDB (Ru et al., 2019) for the hub genes. 

GSEA 

Using GSEA 4.3.3 software, Gene Set Enrichment Analysis 

was carried out to determine the hub gene's underlying 

activities and increased biological processes (Subramanian 

et al., 2007). Annotated gene sets of 

c5.go.v2024.1.Hs.symbols are collected. The reference 

gene sets were chosen to be Gene Matrix Transpose (GMT). 

Therapeutic Values  

We used STRING to find potential therapeutic values 

related to cervical cancer for our hub genes. An additional 

web-based utility GeneCards  (Safran et al., 2010) was 

employed to learn about drugs that are directly linked to the 

gene from various sources, the source includes DrugBank, 

ApexBio, DGIdb, ClinicalTrials.gov, and PharmGKB, 

which consists organized information according to each 

drug’s approval status, quality of the source, number, and 

group. 

Results  

Analysis of Differentially Expressed Genes (DEGs) 

665 downregulated and 977 upregulated DEGs were among 

the 1,642 DEGs between the normal and cervical cancer 

groups found in the analysis of GSE122697 and GSE63514. 

The distribution of DEGs is shown in (Fig. 2). 

Analysis of Differentially Methylated Genes (DMGs) 

Within the normal and cervical cancer groups, 23,453 

DMGs were found in the study of GSE46306 and 

GSE168841, comprising 10,068 hypermethylated and 

13,385 hypomethylated DMGs. The DMG distribution is 

depicted in (Fig. 3). 

Aberrantly Methylated DEGs 

92 hypermethylated low-expression genes (Hyper-LEGs) 

and 317 hypomethylated high-expression genes (Hypo-

HEGs) were found. Hypo-HEGs were compared to known 

oncogenes and Hyper-LEGs to tumor suppressor genes 

(TSGs) in order to identify abnormally methylated DEGs. 

Eleven hypomethylated oncogenes were found to be 

increased in this study (Fig. 4 A), indicating that 

hypomethylation may increase the expression of genes and 

so cause cancer. Furthermore, we identified six 

hypermethylated TSGs that were downregulated (Fig. 4 B), 

suggesting that abnormal hypermethylation may aid in 

carcinogenesis by reducing the expression. 

  

                                                                        GSE122697                                                      GSE63514 

Fig. 2: Expression for GSE122697 and GSE63514 

All the DEGs between the groups with cervical cancer and those without are depicted in the 
volcano plot. Genes that do not exhibit differential expression are represented by black colored 

dots, down-regulated genes by blue colored dots, and up-regulated genes by red colored dots. 
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                                              GSE46306                                                                            GSE168841 

Fig. 3: Expression for GSE46306 and GSE168841 

All the DMGs between the cervical cancer and normal groups are shown in the volcano plot. Black colored dots in 

this plot indicate genes without differential methylation, blue colored dots represent genes with hypomethylation, and 

red colored dots represent genes with hypermethylation. 

 

 

 
(A)                                                                                                 (B) 

Fig. 4: Aberrantly methylated oncogenes and tumor suppressor genes (TSGs) 

(A) A total of 317 genes, including 11 oncogenes, were found to be elevated and hypomethylated. 

(B) 6 TSGs were among the 92 down-expressed and highly methylated genes found. 

 
 

Analysis of KEGG and GO Pathways for Abnormally 

Methylation DEGS 

The Gene Ontology (GO) enrichment analysis, 

encompassing Molecular Function (MF), Cellular 

Component (CC), and Biological Process (BP), was 

performed on the identified gene sets. The findings for 317 

hypomethylated high expression genes (Hypo-HEGs) (A, 

B, C, D) and 92 hypermethylated low expression genes 

(Hyper-LEGs) (E, F, G, H) are illustrated in the figure 5, 

highlighting the significantly enriched GO terms associated 

with each group.  
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(C)                                                                                                     (D) 
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(E)                                                                                                (F) 

 
(G)                                                                                                         (H) 

Fig. 5: GO functional annotation of aberrantly methylated DEGs. 

Validation of the Selected Genes 

We verified the involvement of methylation and 

differentially expressed genes in cervical cancer condition 

using UALCAN data. Three down-expressed, highly 

methylated tumor TSGs and three up-expressed, low 

methylated oncogenes were found to have variable 

expression between normal and malignant tissues. 

Furthermore, by analyzing TCGA CESC data, we identified 

5 DMGs including PDZK1IP1, TGM3, GREM1, THBS1, 

and TMEFF1 (methylation information of S100A7 was not 
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found in UALCAN). Furthermore, the Human Protein Atlas 

database's immunohistochemistry staining photos showed 

that the genes PDZK1IP1, TGM3, and S100A7 were up-

regulated while THBS1 and TMEFF1 were down-

regulated. Also, GREM1 expression did not significantly 

differ between tumor and normal tissues. 

 

 
Fig. 6: UALCAN data used to validate the six hub genes. 

Using data from the TCGA database in UALCAN, box plots illustrating gene expression levels revealed that six genes expression 

patterns matched those found in our investigation. 
 

 

 

Fig. 7: TCGA CESC data used to validate the hub genes. 

BOX plots displaying the methylation condition of the five genes utilizing TCGA database were the same as in our study. 
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Fig. 8: Immunohistochemistry images of the six genes according on The Human Protein Atlas 

(A) The protein condition of PDZK1IP1 in normal tissues showed weak staining, a quantity of 75%–25%, and low staining. Medium staining, moderate intensity, 
and a comparable quantity of 75%–25% were seen in cancer tissues by PDZK1IP1.   

(B) In terms of TGM3, cancerous tissues exhibited low staining, weak intensity, and a quantity ranging from 75% to 25%, whereas normal tissues showed no 

staining at all, with a quantity of less than 25% and weak intensity. 
(C) S100A7's protein level in healthy tissues was medium stained, strongly intensity, and less than 25%; In cancerous tissues, however, it was highly stained, 

strongly intensity, and more than 75% in quantity.  

(D) GREM1 protein levels in both normal and cancer tissues were undetectable, with negative staining intensity and no measurable quantity. 
(E) TMEFF1 protein levels were undetectable in cancer tissues, exhibiting negative staining, no intensity and no amount of quantity, but in normal tissues they 

displayed mediumly staining, moderately intensity, and a quantity between 75% and 25%.  

(F) THBS1 protein levels in cancer tissues were undetectable, with negative intensity and no quantifiable amount, but in normal tissues they showed lowerly 

staining, weak intensity, and a quantity between 75% and 25%.  
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(A) 

 
                                                                (B)                                                (C)                                                  (D)      

Fig. 9: Survival analysis of hub genes. 

(A) According to the heat map THBS1 has the strongest association with poor survival, while TGM3 shows a protective 

effect. TMEFF1, GREM1, PDZK1IP1, and S100A7 are also associated with poorer survival but with less pronounced 
effects. (B, C, D) The role of hub genes in cervical cancer prognosis. Poorer overall survival time was linked to higher 

degrees of expressiveness of S100A7 and PDZK1IP1 and lower degree of expressiveness levels of GREM1, respectively. 

 

Survival Analysis and Function Analysis of the Hub 

Genes 

Furthermore, the survival map visualizes the log10 hazard 

ratios (HR) for six hub genes TMEFF1, GREM1, THBS1, 

TGM3, PDZK1IP1, and S100A7 in cervical squamous cell 

carcinoma (CESC). Red indicates a positive HR (worse 

prognosis), while blue indicates a negative HR (better 

prognosis). THBS1 has the strongest association with poor 

survival, while TGM3 shows a protective effect. TMEFF1, 

GREM1, PDZK1IP1, and S100A7 are also associated with 

poorer survival but with less pronounced effects. This map 

highlights key genes potentially linked to prognosis in 

cervical cancer (Fig. 9 A).  Additionally, the GEPIA 

survival examination based on the expression status of the 

multi-gene signature was obtained using the database, and 

a K-M curve plot was produced to evaluate the prognostic 

importance of the genes that were differently expressed and 

aberrantly methylated. Analysis showed that shorter 

survival times were associated with higher degrees of 

expressiveness of PDZK1IP1 and S100A7 and lower 

degrees of expressiveness of GREM1. (Fig. 9 B, C, D).  

GSEA 

To determine the activity of six specific genes in cervical 

cancer, we performed GSEA to determine which pathways 

are noticeably more abundant in human samples. Three 

down-expressed hypermethylated TSGs and three up-

expressed hypomethylated oncogenes were examined 

separately. The upregulated hypomethylated oncogenes 

were associated with the development of skin, epidermis, 

keratinocytes, epithelial cells, epithelium, and epidermal 

cells are the six enriched routes (Fig. 10). Likewise, six 

negatively enriched pathways in the downregulated 

hypermethylated TSGs included amoeboid type cell 

migration, anatomical structure formation involved in 

morphogenesis, apoptotic process, blood, vessel 

morphogenesis, cellular stress response and blood vessel 

endothelial cell migration (Fig. 11). 
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Fig. 10: Six enriched pathways in the Upregulated hypomethylated oncogenes. 

All the gene sets showed strong positive enrichment. 

 
Fig. 11: Six negatively enriched pathways in the downregulated hypermethylated TSGs. 

All the gene sets listed showed negative enrichment. 
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Therapeutic Values 

The therapeutic values of the six genes were analyzed with 

the STRING online database. We also used GeneCards: the 

human gene database to examine hub genes in order to list 

out small molecule medications. In contrast, we found that 

S100A7, targeted by drugs such as Ibuprofen and 

Dexibuprofen, plays a role in cancer progression, 

particularly in inflammation-driven cancers, due to its 

involvement in inflammatory responses. THBS1, linked to 

Simvastatin and Camptothecin possesses antiangiogenic 

properties, meaning it can stop the growth of tumors by 

inhibiting the development of fresh blood vessels that 

provide the tumor with nutrients. TGM3, associated with L-

Glutamine and other experimental compounds, is crucial for 

keratinocyte differentiation, which may influence cancer 

cell survival and behavior. Lastly, GREM1 interacts with 

Dexamethasone, an anti-inflammatory glucocorticoid, and 

acts as a BMP (Bone Morphogenetic Protein) antagonist, 

playing a key role in processes that drive cancer 

progression. Together, these genes and their interactions 

with specific drugs suggest potential therapeutic avenues 

for targeting cancer growth and progression. No drugs and 

compound related data available for PDZK1IP1 and 

TMEFF1 genes.  

Discussion 

Cervical cancer progression is driven by complex genetic, 

environmental, and lifestyle factors. Identifying novel DNA 

methylation-based biomarkers is crucial for improving 

diagnosis, treatment, and prognosis. In this study, we used 

public datasets (GSE122697, GSE63514, GSE46306, 

GSE168841) and R biopackages to analyze differentially 

methylated and expressed genes (DMGs and DEGs) in 

cervical cancer. We identified 11 upregulated 

hypomethylated oncogenes and 6 downregulated 

hypermethylated tumor suppressor genes (TSGs). From 

TCGA-CESC data, we highlighted three key oncogenes 

(PDZK1IP1, TGM3, S100A7) and three TSGs (GREM1, 

THBS1, TMEFF1) with significant differential expression 

between normal and cancer tissues. Functional enrichment 

analysis revealed critical pathways and hub genes involved 

in carcinogenesis. Validation using UALCAN and TCGA 

supported our findings, and immunohistochemical labeling 

further confirmed gene dysregulation. This integrative 

bioinformatics approach provides valuable insights into 

cervical cancer mechanisms and potential therapeutic 

targets 

Upregulated hypomethylated oncogenes were found to be 

strongly associated with a number of processes, including 

differentiation of keratinocyte, skin development, 

epidermal cell differentiation, epidermis development, 

formation of epithelium and differentiation of epithelial 

cells, according to the GSEA analysis. As aging and cancer 

develop, these particular mechanisms of gene expression 

become dysregulated, supporting the growing notion that 

aberrant DNA methylation during cell differentiation 

contributes to carcinogenesis. For downregulated 

hypermethylated TSGs in cervical cancer amoeboid type 

cell migration, anatomical structure formation involved in 

cellular response to stress, apoptosis process, 

morphogenesis, morphogenesis of blood vessel, and 

migration of endothelial cell were negatively enriched. 

Amoeboid cell migration is characterized by rapid, shape-

changing movement, which can occur in a low-adhesion, 

protease-independent manner (Lämmermann and Sixt, 

2009). In addition, the flexibility of amoeboid movement 

allows cancer cells to move through porous environments 

without needing to degrade them, aiding in their invasive 

capacity. Morphogenesis refers to the process through 

which tissues, organs, and entire organisms take shape 

during development. It is an essential concept in 

developmental biology, focusing on how cells organize and 

create the structure and form of various biological systems 

(Davies, 2023), further disruption in morphogenetic 

processes can lead to abnormal tissue architecture, which is 

often seen in tumors, facilitating cancer progression. 

Importantly, it was observed that reduced levels of both 

THBS1 and GREM1 were associated with worse survival 

outcomes, underlining their crucial roles as tumor 

suppressors in cancer. THBS1 is recognized for its 

antiangiogenic properties, effectively hindering tumor 

growth by obstructing the formation of new blood vessels 

that provide crucial nutrients to the tumor. Similarly, 

GREM1 disrupts Bone Morphogenetic Protein (BMP) 

signaling in cancer cells, which helps slow down cancer 

progression. On the other hand, PDZK1IP1 and S100A7 

exhibited elevated expression levels that were strongly 

associated with shorter survival times. S100A7 is 

particularly well-known for its role in promoting cancer, 

especially in inflammation-driven cancers, where 

inflammation can accelerate tumor growth and progression. 

However, the precise mechanisms of PDZK1IP1 remain 

unclear and require further investigation to fully understand 

its role. All things considered, these discoveries show how 

therapeutic approaches that target these hubs genes may 

enhance patient outcomes and more successfully treat 

cancer in those who are impacted. 

Conclusion 

To conclude, our comprehensive bioinformatics analysis 

has effectively identified a wide array of differentially 

expressed and abnormally methylated oncogenes and TSGs 

within cervical cancer tissues. This study not only 

pinpointed these genetic alterations but also elucidated the 

associated pathways and functional roles they play in the 

context of the disease. By employing a meticulous approach 

to data analysis, we explored how these genes contribute to 

the intricate biological mechanisms underlying cervical 

cancer progression. Further validation through the TCGA 

database underscored the significance of six crucial genes 
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PDZK1IP1, TGM3, S100A7, GREM1, THBS1, and 

TMEFF1 which exhibit notable potential as both 

biomarkers and therapeutic targets. By focusing on these 

key genes, we can pave the way for more effective 

interventions that are specifically designed to address the 

unique genetic profiles of individual patients. This 

personalized approach is crucial in the realm of oncology, 

where treatments can often be generalized rather than 

customized to meet the specific needs of patients. 
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