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[bookmark: _Hlk208709425]The role of N6-methyladenosine (m6A) methylation in the development and progression of nasopharyngeal carcinoma

Abstract
[bookmark: _Hlk202517070]
[bookmark: _Hlk191607773]Aims: to investigate the correlation between m6A methylation and clinical characters of NPC patients, as well as, it`s development and progression, because N6-methyladenosine (m6A) methylation was a post-transcriptional modification that regulates gene expression, and had been implicated in various cancers. However, its role in nasopharyngeal carcinoma (NPC) remains poorly understood.
Study design: A cross-sectional study.
Place and Duration of Study: Otolaryngology department, University hospital between January 2004 and January 2025.
[bookmark: _Hlk191708613]Methodology: Sample: included 22 patients (14 males, and 8 females, age range 35-70 years) diagnosed with nasopharyngeal carcinoma (NPC), who underwent biopsy. Clinical data, including; age, gender, tumor stage, and metastasis status were collected from medical records. The tumor and adjacent normal tissues were obtained for analysis. The m6A methylation status of key genes was assessed using quantitative polymerase chain reaction via reverse-transcription quantitative (RT-qPCR), and methylation-specific sequencing.
 Results: A significantly higher m6A methylation level in NPC tumor tissues (72.3%), compared to adjacent normal tissues (27.3%), with significant association (p = 0.03), with higher level in ( NPC stage III/IV), and with distant metastasis (p = 0.02), yet, no significant correlation with age and gender (p > 0.05), expression levels of key m6A methylation-related regulators METTL3 and METTL14 were significantly upregulated in malignant versus un-affected tissues (p < 0.05), while, FTO downregulated in tumor tissues, without statistical significance (p > 0.05).
[bookmark: _Hlk191679634]Conclusions: A significantly higher m6A methylation level in malignant tissues in comparison to adjacent normal tissues, so it’s a crucial part in NPC and could works for a possible management objective and diagnostic biomarker in early detection and treatment.
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1. INTRODUCTOON
Nasopharyngeal carcinoma (NPC) exotic malignancy of head and neck regions, often originates in fossa of Rosenmuller, it has an elevated prevalence in China, while low-medium rate was found in Asia, Canada, North Africa, and Middle East, with bimodal peaks character, with a top at 40-59 years of age [1].
Epstein-Barr virus (EBV) considered is the main causative element in its pathogenesis, as “Human Leukocyte Antigen (HLA) gene” appears to be crucial part relating to genes or heredity contributors, moreover decennium of researches has also admitted it’s an essential agent in malignant neoplastic evolution, the epigenetic variations, as; DNA methylation, are deliberately involved in NPC development, and its hyper-methylation often detected in de-differentiated, stem-like state [2,3].
Beside, to above-mentioned facts, the ep-transcriptomic regulation annexes other grade of epigenetic monitor upon gene exhibition, further progress in transcriptome- extensive sequencing modalities have make a thorough perception into the RNA modification landscape is conceivable, many researches on RNA modification modifiers—writers, erasers, and readers—have shown that these RNA modifications are dynamic and reversible, and play a critical role in RNA metabolism, influencing a wide range of physiological/ pathological activities. In malignant variations of RNA modulations with their adjusting function found, that implying neoplastic-development or neoplastic-suppressive impacts, RNA modification scenery with concentration on m6A changed the modifiers in NPC [4,5].
The latest researches have imparted RNA modulation in vanguard epigenetic process, leading to its comprehensive malignancy participation. The RNA modulation could result in co- replicate/post- replicate activities, in addition to complicatedness of  gene regulation, RNA modifications frequently detected remarkably between normal tissues or cells and that of malignant issues, relating with various patient consequences or disorder status, within these alteration, N6- methyl adenosine (m6A) is the main item studied modification, which occurred in different RNA subspecies likes; mRNAs, lncRNAs, miRNAs, and rRNAs., which influences essential molecular activities [6].
[bookmark: _Hlk201022704]Whole scale of m6A modifications is notably elevated in NPC in comparison to normal nasopharyngeal epithelium (NPE), both primary/recurrent NPC, in mRNAs, m6A modifications are mainly detected about the stop codon, in the coding area, while, in non-coding RNAs that’s performs an essential part in adjusting the cellular activities, in lncRNAs, m6A can alter regulatory functions through the “m6A-switch” mechanism, which modifies RNA-protein interactions by changing the local structure of lncRNAs, a significant differences m6A modulation are detected nasopharyngeal cancer versus normal nasopharyngeal eipthelium [7].
The m6A modifications in rRNA’s constitute a remarkable role in RNA modifications, becoming apparent confirmation propose that, its fundamental in ribosome genesis, so, thumping ribosome formation is usually found tumor creation and malignant development, participate to non-controlled NPC cellular-growth, the above-mentioned notices designate that m6A modifications in rRNA are essential for NPC beginning and progression [8].

The purpose of this study was to investigate the correlation between m6A methylation and clinical characters in NPC patients, as well as, it`s development and progression.






















2. MATERIALS AND METHODS
[bookmark: _Hlk208651522]This cross-sectional study included 22 adult patients, who diagnosed with nasopharyngeal carcinoma (NPC)., were underwent biopsy at study institution. Clinical data, including age, gender, tumor stage, metastasis status, and overall survival, were collected from medical records.
 The tumor and adjacent normal tissues were obtained for analysis. Whole RNA was extracted from the tissue samples, and the m6A methylation status of key genes was assessed by quantitative PCR, methylation-specific sequencing. Gades of m6A-related genes were estimated through RT-qPCR.
The statistical analysis was used to examine correlations between methylation levels and clinical characteristics of nasopharyngeal carcinoma.
Nasopharyngeal carcinoma samples, were collected at the time of surgery, also, normal tissues were collected as adjacent non-malignant tissues. All specimens were handled using the approved and the ordinary applied procedures. 
Quantitative reverse transcription polymerase chain reaction (RT-qPCR):
Whole RNA is initially transcribed into complementary DNA (cDNA), which utilized as form for quantitative (PCR), where, the quantity of amplification outcome is estimated in every PCR rotation utilizing fluorescence, so, it is utilized different implementations s; gene expression analysis, RNA validation, microarray validation, pathogen detection, genetic testing, and disease research.



RT-qPCR:
[bookmark: _Hlk209503290][bookmark: _Hlk191616791]In the current study, 1-step assays RT-qPCR was performed via joining the reverse transcription right with DNA polymerase and PCR in a one tube, just using concatenation-particular primers. 
 It`s advantages lower the risk of contamination occurs in the same tube, so that, they appropriate for rise amount of material passing through a system or process of action of making multiple copies of a gene or DNA sequence and checking, as well as, quick and exceedingly ability to be copied.
 While it`s disadvantages were out of the question to make the best or most effective use of the 2 responses individually, lesser sensitive than 2-step, and due to the response status, as well as, minimal target through specimen detection.
Techniques steps:
First-step in qPCR and RT-qPCR pipeline was sterilization of conceivably specimen segregation, because contaminated initial material will lead to inaccurate consequences, a favorable-data of the sample when isolating DNA for qPCR, usually extraction was performed utilizing commercially accessible, equipment’s, there advantages are simple and quick, while the sort of RNA extraction performed based on its sort requirement, most usual extraction modality utilized was with whole RNA extraction tools, where the secluded messenger RNA, transfer RNA, and ribosomal RNA,  but often (not always) fails to isolate smaller RNAs such as non-coding RNA (ncRNA; functional RNA, and micro RNAs).


Through isolation of sample degeneration was constantly probable regarding the distinctive characteristic possessed by pipeline control phases for its estimation, this performed rapidly by analyzing the A260/280 ratio), and the A260/230 ratio (260 vs 230 nm, after that, they conveyed to a computer tool via utilizing an algorithm, which yields RNA integrity number that indicates the specimen quality; considering number 10 was maximum. Last step in specimen elaboration for RT-qPCR is the creation of cDNA. 
Methylation Sequencing: 
Usefulness of it to find out methylation style throughout the individual genome judgment, especially each cytosine in genome covering bulk species with whole-genome bisulfite sequencing (WGBS), a genome-wide approach captures full sample diversity with small amounts of DNA, cover established issues of concern in the human genome science, and the epigenomics road-map association with selected methylation sequencing.
Evaluation:
[bookmark: _Hlk209501609]The methylation sequencing was evaluated by using sodium bisulfite to detect the DNA methylation status, of both the starting DNA strand, and the DNA methylation patterns of the resulting double-stranded DNA (post-amplification), where analyzing it`s results, see figure 1, a comprehensive overview of DNA methylation patterns across the genome is uncovered, also, it gave  elevated standard and sensibility of NGS for methylation evaluation, thus, reveal the un-methylated cytosines alters to uracil, and transformed rules were specified post (PCR), as thymine  arranged in a particular order, thus,  careful examination were utilized to estimate the percent of methylated cytosines.


2.1 STATSTICAL ANALYSIS
SPSS-29 (IBM Statistical Packages, Chicago, Illinois, United State), and were introduced as mean, standard deviation (SD), comparisons between the studied groups were measured utilizing the student’s t-test, and P-value less than 0.05 was noted as significant difference. 




















3. RESULTS 
[bookmark: _Hlk208652388][bookmark: _Hlk209500013]Among 22 enrolled adult patients diagnosed with nasopharyngeal carcinoma (NPC), their age group was 35-70 years, the mean age of 53.4± 1.62 SD years, males were 14 (63.6%) and 8 females (36.4%), the clinical characteristics such as age, gender, tumor stage, and histopathological features were recorded. Among these patients, depending on TNM staging system, had a significant difference with P=.02, as it was shown in table 1.
[bookmark: _Hlk191708708]Study found altered m6A methylation patterns of cancer tissues in comparison to adjacent normal tissues, via quantitative analysis test, which it was assessed using quantitative polymerase chain reaction, and methylation-specific sequencing, and reverse-transcription quantitative PCR (RT-qPCR).
[bookmark: _Hlk209428905][bookmark: _Hlk191709003]So, this study found a significantly higher m6A methylation level in malignant tissues in comparison to adjacent normal tissues, with significant finding, see table 2, this suggests important part for m6A methylation in NPC pathogenesis, the analysis revealed that 16 out of 22 (72.7%) NPC tissues showed an increased level of m6A modification, while the remaining 6 (27.3%) exhibited relatively low methylation levels.
[bookmark: _Hlk209503596][bookmark: _Hlk191714789]The analysis of the relationship between m6A methylation levels, and clinical characteristics showed a significant association with tumor stage, with higher methylation levels observed in advanced-stage NPC cases (stage III/IV). However, non-significant correlation was found between m6A methylation and other clinical parameters, such as age or gender (P = .05).
[bookmark: _Hlk209503642]Figure 2, shown the correlation between m6A methylation and clinical sample.
Additionally, higher m6A methylation was observed in patients who had distant metastasis (n = 6) when compared to those without metastasis (P = .02), with significant results This finding supports the hypothesis that m6A methylation might be linked to the aggressiveness of NPC.
[bookmark: _Hlk191713142]Expression levels of key m6A methylation-related regulators (METTL3, METTL14, and FTO) were analyzed in both tumor and normal tissues. METTL3 and METTL14 were significantly increase the rate or level by upregulation in tumor tissues in comparison to normal tissues (P=.05), suggesting an active role in the m6A methylation process in NPC. On contrary, the expression of FTO was downregulated in tumor tissues, although, the difference was non- statistically significance (P=.05).














4. Discussion
[bookmark: _Hlk191714894]Current study found altered m6A methylation patterns in NPC tissues versus nearby normal tissues, and this detection agreed to Wanga YM, et [5] al study.
Over the years, understanding the molecular mechanisms underlying NPC has been a major focus, and the latest researches have pay attention to the function of RNA modulations in cancer biology. One such modification was N6-methyladenosine (m6A), and its involvement in the regulation of NPC progression had recently garnered attention.
 Overview of m6A in Cancer:
It was a reversible modification that occurs predominantly on mRNA, but can also, be found in other types of RNA including non-coding RNAs, it is stimulated by a set of enzymes, these enzymes regulate different RNA-related processes likes; splicing, translation, stability, and decay, thus, alterations in the levels or activity of these enzymes have influenced in pathologies of various cancers, likes NPC [9].
 Role of m6A in NPC:
Recent researches have suggested that m6A modulation are implicated in various aspects of NPC biology, including cell proliferation, migration, invasion, and impedance to apoptosis. Several key findings include:
Regulation of NPC development/ propagation: m6A modification in mRNA, affects the expression of genes involved in cell cycle regulation and survival, in NPC, overexpression of METTL3 (a key methyltransferase) has been shown to contribute to cell proliferation and tumorigenesis, by enhancing the stability of specific mRNAs that are involved in oncogenic pathways [10]. 
Epithelial-Mesenchymal Transition (EMT) and metastasis: m6A modification is enrolled in regulating EMT, process that facilitates metastasis, so, studies have revealed that YTHDF2, which is an m6A reader protein, was upregulated in NPC and promotes the progression of metastasis by stabilizing mRNAs that regulate EMT-related genes [11].
Role in EBV-Associated NPC: Epstein-Barr virus (EBV) infection is a common hazard element for NPC, it had been suggested that it alters the m6A landscape in NPC cells, as, the EBV-encoded latent membrane protein 1 (LMP1), which influences m6A modification patterns, enhancing the translation of pro-survival genes and contributing to tumor progression [12].
[bookmark: _Hlk201045474]Resistance to chemotherapy and radiotherapy: m6A modification had also, been linked to resistance to chemotherapy and radiotherapy in NPC, so, the regulation of key mRNA stability and translation processes by m6A, can influence the sensibility of NPC cells to these treatments, as, FTO demethylase has been reported to modulate the sensibility of NPC cells to cisplatin by altering certain mRNAs stability [13].
The discovery of m6A's role in NPC, opens up exciting possibilities for therapeutic intervention, therefore, targeting the enzymes that regulate m6A modification, could represent a novel strategy for the treatment of NPC, as inhibition of METTL3 or YTHDF2 could potentially decrease tumor cell proliferation and metastasis, while targeting FTO may sensitize NPC cells to chemotherapy or radiotherapy [14].

 
While the evidence linking m6A modifications to NPC is promising, several challenges remain, one of the main hurdles is the complexity of the m6A regulatory network, with multiple enzymes and factors interacting in a highly circumstances determined style, so, the development of small-molecule inhibitors or activators, which could precisely purposed specific components of the m6A machinery remains a significant challenge [15].
N6‐methyladenosine (m6A) is a widespread regulator in non-messenger RNAs, also in non‐coding RNAs. m6A can be reversibly methylated and unmethylated by “m6A writer” and “m6A eraser” proteins. The methylated RNA is identified by m6A “readers” protein, and then to modulate cancer progression. Target m6A regulators has been becoming a promising approach for cancer diagnosis and treatment [16].
Zhao Y, et al [17] concluded that, The epi-transcriptomic machinery had utmost importance role in regulating different biological processes and cancer development, while, global RNA modiﬁcation levels might be unreliable as biomarkers for tumor progression and potential therapeutic targets, as the RNA modiﬁcations, particularly the METTL3-METTL14, the overall upregulation of m6A modiﬁcations in mRNAs, lncRNAs, and rRNAs compared to NPE indicates a signiﬁcant part in NPC development.
Limitations
Relatively small sample size, single study center, and no intra-operative findings. Additionally, further researches especially clinical trials, are required to advocate the possibility of m6A-based management strategies in NPC.


CONCLUSIONS
This study revealed that, m6A modification has emerging, as a fundamental player in the regulation of nasopharyngeal cancer, enzymes and pathways associated with m6A modification influence various aspects of tumor biology, including; evidence of elevated m6A methylation in NPC tissues, which correlates with advanced tumor stage, and distant metastasis so, it elucidates the role of m6A is a new biomarkers for early detection for diagnosis, novel and potential therapeutic target progression, and it`s aggressiveness for this challenging tumor. 
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Table 1: Average m6A methylation according to tumor stages

	m6A methylation depending on TNM staging system
	early-stage (stage I/II)
	advanced stage (stage III/IV)
	P- value

	
	9 patients
40.9%
	13 patients
59.1%
	0.02


















[bookmark: _Hlk209500962][bookmark: _Hlk209500119]Table 2:  Average m6A methylation in tumor tissues compared to adjacent normal tissues 

	m6A methylation in tissue
	Tumor
 tissues
	normal tissues
	P-value

	
	16 patients
72.7%
	6 patients 27.3%
	0.03
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Figure 1: methylation sequencing
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Figure 2: correlation between m6A methylation and clinical sample
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