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Abstract 

Introduction: Nasopharyngeal carcinoma (NPC) is a malignant disease often diagnosed at an advanced stage. Early detection 

of NPC is necessary to reduce morbidity and mortality of this disease. To date, early detection methods for NPC still have 

limitations, especially in terms of positive predictive value. Identification of DNA methylation abnormalities has been studied 

for its role as a marker for early detection of NPC. Objective: This review describes the potential of DNMT1, an enzyme 

involved in DNA methylation, as a biomarker for early detection of NPC. Methods: We conducted a literature search using 

PubMed and Google Scholar databases. The keywords used were "nasopharyngeal carcinoma AND DNMT1", 

nasopharyngeal carcinoma AND early detection, "nasopharyngeal carcinoma AND screening", nasopharyngeal carcinoma 

OR DNMT1, “DNMT1 OR Carcinoma”, nasopharyngeal carcinoma OR screening, and nasopharyngeal carcinoma OR early 

detection. Results: Increased DNMT1 expression is associated with global hypermethylation which is part of the early 

pathogenesis of NPC. LMP1, as an oncoprotein released by EBV, increases DNMT1 expression and activity. Conclusion: 

High DNMT1 expression in NPC indicates its potential as an early detection method for NPC. 
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1. INTRODUCTION 

Nasopharyngeal carcinoma (NPC) is a malignant disease that is found to have a high incidence in Asia, which 

were 100,298 (83.3%) cases out of a total of 120,434 cases worldwide. In Indonesia, NPC is ranked 6th for the 

highest incidence of cancer and the highest mortality due to cancer[1]. The cause of high mortality is that patients 

are generally treated at an advanced stage. Furthermore, clinicians also often fail to identify and diagnose NPC 

during the early stage[2], [3]. Early detection is important to overcome the high incidence and mortality of NPC, 

which allows a survival rate of more than 95%[4], [5], [6], [7]. With early detection of the disease, treatment can 

be carried out immediately to prevent cancer progression, better prognosis, reduce the risk of mortality, and reduce 

the psychological and economic burden caused by the disease[8]. 

 

Compared with other cancers, hypermethylation is more common in NPC[9]. Therefore, efforts are directed to 

the early detection of NPC through the detection of hypermethylation of tumor suppressor genes (TSG) in the 

host[10]. DNA hypermethylation causes inactivation of TSG, which supports carcinogenesis. Changes in DNA 

methylation patterns are associated with carcinogenesis through stimulation of cell proliferation[11], [12]. DNA 

methyltransferase (DNMT1) is an enzyme that plays a role in DNA methylation. Increased expression of DNMT1 

results in hypermethylation involved in carcinogenesis[13]. EBV infection associated with NPC pathogenesis 

causes hypermethylation of various genes involved in oncogenesis through increased expression of DNMT1. The 

effect of hypermethylation occurs at the pre-invasive lesion stage of NPC[14]. This article is written to explain 

the potential of DNMT1 as a marker for early detection of nasopharyngeal carcinoma.  
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2. METHOD 

We conducted a literature search using PubMed and Google Scholar. PubMed is a database containing articles 

related to medicine and medical sciences, while Google Scholar contains a wider range of articles, including those 

not found in PubMed. Because research on DNMT1 in cancer is still limited, these two databases were sufficient 

to meet the search needs for related articles. Furthermore, we did not limit the publication year. The keywords 

used were "nasopharyngeal carcinoma AND DNMT1," nasopharyngeal carcinoma AND early detection," 

"nasopharyngeal carcinoma AND screening," nasopharyngeal carcinoma OR DNMT1, "DNMT1 OR 

Carcinoma," nasopharyngeal carcinoma OR screening, and nasopharyngeal carcinoma OR early detection. 

Original articles, literature reviews, meta-analyses, or systematic reviews in English were included. We selected 

a total of 11 articles discussing DNMT1 expression in NPC or other types of cancer. 

3. RESULTS 

 DNA Methyltransferase1 (DNMT1) and Nasopharyngeal Carcinoma 

  

The DNA methyltransferase (DNMT1) gene is located on chromosome 19 with a total protein-coding area of 

4851 bp. DNMT1 plays a role in DNA methylation and maintaining genome integrity. DNMT1 ensures that 

specific methylation patterns in parental DNA are also passed on to offspring DNA during the replication process. 

In addition to its role in the methylation process, DNMT1 also affects gene expression through its involvement in 

the cell cycle, DNA damage repair, and stem cell function. Disruption of DNMT1 affects changes in gene 

expression by DNA methylation. Subsequently, it is related to the disruption of gene expression suppression, 

chromosome inactivation, and genome stability. Maintaining optimal DNMT1 levels is important for normal 

growth and health[15], [16], [17]. 

 

Abnormalities of DNMT1 are associated with tumor formation. For example, DNMT1 deletion is associated with 

lymphoma and breast cancer. In addition, DNMT1 overexpression is found in leukemia, breast cancer, colon 

cancer, liver cancer, melanoma, pancreatic cancer, esophageal cancer, lung cancer, thyroid cancer, gastric cancer, 

and pituitary adenoma[16], [17]. A study using NPC cell lines showed DNMT1 expression in 31 of 32 

samples[18]. DNMT1 overexpression causes increased DNA methylation[19]. DNA methylation can cause 

changes in gene expression that trigger cancer formation, such as increased genome instability, decreased 

expression of tumor suppressor genes, and increased expression of oncogenes. Studies in lung cancer have found 

that DNMT1 overexpression disrupts p53/Sp1 pathway regulation and hypermethylation of tumor suppressor 

genes such as p16 and RASSF1A, which are associated with poor prognosis[16]. In NPC, DNMT1 expression is 

found to be associated with invasion and metastasis. These findings point to targeted epigenetic therapy in 

NPC[19].  

 

In NPC, EBV infection is an epigenetic trigger for cancer development. EBV causes changes in the regulation of 

epigenetic mechanisms in host cells by affecting DNMT1. LMP1 associated with EBV is an oncoprotein that can 

cause increased expression and activity of the DNMT1 enzyme[20]. LMP-1 causes activation of the JNK signaling 

pathway, resulting in phosphorylation of the transcription factor c-jun. The AP-1 complex containing 

phosphorylated c-jun binds and activates the DNMT1 promoter[18], [21]. Furthermore, methylation changes 

occur in both viral and cellular genes, especially in tumor suppressor genes. Increased DNMT1 expression is 

associated with global hypermethylation in NPC[22], [23], [24]. Tumor suppressor genes such as RASSF1A are 

frequently methylated in primary NPC tissues. Methylation leading to p16 inactivation is also the most frequent 

and earliest epigenetic event in cancer development[11]. Genetic and epigenetic abnormalities complement each 

other in cancer initiation and progression, especially in the early stages of NPC development. DNA methylation 

abnormalities have also been found in gastric carcinoma associated with EBV infection[25]. 

 

DNMT1 Expression as A Biomarker and for Early Detection of Cancer 

 

Early detection of cancer has led to the analysis of epigenetic abnormalities, such as DNA methylation. This is 

because DNA methylation changes are found in precancerous lesions and are proposed to be triggered by 

inflammation, smoking, or viral infections. The gene expression abnormalities that occur can continue and are 

associated with cancer[25]. A study comparing cancers from 5 different organs, namely the lung, stomach, kidney, 

breast, and liver, showed that there was the same pattern of DNA methylation changes between the five organs. 
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The result raised the suspicion that the same carcinogenesis process occurs in all organs and that this process is 

DNA methylation that occurs in the early stages of carcinogenesis. In addition, the same DNA hypermethylation 

that occurs in many of these organs occurs in genes that play a role in cell development and/or differentiation[26]. 

DNA methylation changes mediated by DNMT1 activity during tumor development and abnormal DNMT1 

activity that precedes symptoms of malignancy make it possible for DNMT1 level tests to be used for early 

detection and diagnosis of cancer[27].  

 

The role of DNMT1 as a cancer biomarker for early detection is explained in several studies that have been 

conducted on several cancer cases. A study by Yoshimasa Saito et al. found that DNMT1 mRNA levels were 

higher in chronic hepatitis or cirrhosis tissue compared to normal liver tissue but lower when compared to 

hepatocellular carcinoma. DNMT1 overexpression was also found to be significantly associated with the 

accumulation of DNA hypermethylation in CpG islands and the clinicopathology of HCC. The same results were 

also found in cases of gastric carcinoma. In addition, DNMT1 mRNA expression also increased in non-cancerous 

urothelium from urothelial cancer patients. This shows the relationship between DNMT1 overexpression and pre-

cancerous conditions. Increased DNMT1 expression in various organs causes the accumulation of abnormalities 

in DNA methylation, for example, the accumulation of DNA hypermethylation in tumor suppressor genes such 

as p16. In addition to causing changes in DNA methylation, DNMT1 also works to maintain the changes that 

occur. Because it appears at the precancerous level, DNA methylation profiles can be used as a risk marker for 

carcinogenesis[25], [28], [29], [30], [31]. 

 

DNMT1 as a biomarker can be in the form of mRNA expression, protein, or analysis of DNMT1 activity. There 

have been studies to examine DNMT1 mRNA and protein levels in cancer. Detection of mRNA using quantitative 

reverse transcriptase-PCR is found to be more sensitive so that it can be detected in pre-cancerous conditions. 

This is different from protein detection using the immunohistochemical method, which can be detected if it is 

already in a malignant condition[29]. Several methods used for DNMT1 activity analysis are isotope labeling, 

electrochemical test, calorimetry, chemiluminescence methods, and fluorescence testing. Fluorescence testing is 

a simpler method, can be combined with other methods, is easy to operate, and is not easily influenced. The test 

has the potential to analyze DNMT1 activity so it can be considered for clinical diagnosis related to DNMT1[27]. 

 

 

4. DISCUSSION 

Common methods for early detection of NPC are anti-EBV serology tests, plasma EBV DNA levels, and 

nasopharyngeal cytology examination. Several of these methods were found to have high sensitivity and 

specificity, but with low positive predictive value[8]. Liu et al. in their study found that several anti-EBV 

serological markers, namely VCA-IgA, EA-IgA, EBNA1-IgA, EBNA1-IgG, Zta-IgA, and Rta-IgG, the 

combination of VCA-IgA and EBNA1-IgA was the method with the best sensitivity and specificity, but with a 

positive predictive value of 4% [32]. Plasma EBV DNA test was found to have high sensitivity and specificity, as 

well as a higher positive predictive value than serology test. Chan et al.'s study found that the sensitivity and 

specificity of plasma EBV DNA for NPC screening were 97.1% and 98.6%, respectively, and the PPV value was 

10%[33]. Studies have shown that a dominant hypermethylation pattern is a typical characteristic of NPC. 

However, studies related to epigenetics, including biomarkers associated with DNA methylation in NPC, are still 

few. Published studies are generally related to genes that experience DNA methylation in NPC [22], [23], [24], 

[34]. Methylation identification of genes that play a role in NPC from both cell-free DNA and nasopharyngeal 

swabs showed fairly good sensitivity and specificity values but required a combination with EBV biomarker tests 

to increase the specificity value. Moreover, the PPV value of this test was quite satisfactory. This is a consideration 

that the combination of EBV biomarker tests and DNA methylation analysis can be a better screening option for 

NPC[8], [11], [35].  

 

Research related to DNMT1 expression in NPC is still at the cellular and histopathological tissue levels. A study 

by Tsai et al. found that there were 31 of 32 histopathological tissues of NPC with methylation expression High 

DNMT1. This study also found that in adjacent non-tumor tissues that were negative for EBV and LMP1, there 

was little or no DNMT1 expression. This indicates that DNMT1 expression is closely related to EBV and clearly 

distinguishes tumors from non-tumors. The DNMT1 level test may be applicable in areas with a high incidence 

of NPC (endemic areas) because of its close relationship with EBV infection[18], [36]. 

 

5. CONCLUSION 
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Biomarkers for early detection of NPC to date are generally centered on biomarkers of EBV infection. Although 

it has good sensitivity and specificity, the performance of the methods is still lacking due to the low positive 

predictive value. The high hypermethylation pattern in NPC, compared to other cancers, directs the study of DNA 

methylation for early detection of NPC and also to the methylation of genes involved in NPC. As is known, EBV 

infection induces DNMT1 expression, which is related to global hypermethylation, and DNMT1 regulation in 

NPC affects a large set of genes. It is interesting to analyze whether high DNMT1 expression in NPC is associated 

with all gene methylation ever found in NPC and, thus, whether DNMT1 level can be used as an early detection 

method for NPC. 
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