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Pancreatic cancer (PC) is among the most lethal malignancies, with a notably 
poor survival rate. This review explores the role of N6-methyladenosine (m6A) 
methylation, an epigenetic modification, in influencing PC progression. m6A 
methylation impacts tumorigenesis, cancer cell stemness, proliferation, and drug 
resistance by modulating various stages of RNA expression. The five core areas 
of research are the role of m6A in the hypoxic tumor microenvironment, 
metabolic reprogramming, the immune microenvironment, resistance 
mechanisms, and interactions with non-coding RNAs. This study employed a 
qualitative literature review methodology that consolidated findings to highlight 
m6A's regulatory mechanisms and therapeutic implications. Results confirmed 
the pivotal role of m6A in hypoxic adaptation, metabolic modulation, immune 
evasion, chemoresistance, and ncRNA interactions, offering important insights 
into PC pathogenesis. While this research identifies m6A as a promising 
therapeutic target and prognostic marker, future studies must explore its role in 
diverse patient populations and complex molecular networks. 
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Introduction 

This review explores the role of N6-methyladenosine (m6A) methylation in pancreatic cancer (PC), 
a malignancy with a notably low survival rate. The research focuses on m6A methylation's impact 
on various stages of RNA expression, highlighting its importance in tumour initiation, cancer cell 
stemness, proliferation, and drug resistance. The core question investigates how m6A methylation 
influences PC development. Five sub-research questions guide the study: the role of m6A in the 
hypoxic tumour microenvironment, its impact on metabolic reprogramming, contributions to the 
immune microenvironment, involvement in resistance mechanisms, and interactions with 
non-coding RNAs (ncRNAs). The study employs a qualitative methodology, structured through a 
literature review, examination of m6A's mechanisms, analysis of findings, and discussion of 
therapeutic implications. 

This review delves into the intricate role of N6-methyladenosine (m6A) methylation in the context 
of pancreatic cancer (PC), a highly aggressive malignancy associated with a dismally low survival 
rate. The investigation centers on how m6A methylation influences various facets of RNA 
expression, underscoring its critical involvement in tumor initiation, the maintenance of cancer cell 
stemness, cellular proliferation, and the mechanisms behind drug resistance. Central to this inquiry 
is the pivotal question of how m6A methylation contributes to the progression of pancreatic cancer. 
To explore this, the study is framed around five specific sub-research questions: first, how m6A 
operates within the hypoxic tumor microenvironment; second, its effects on metabolic 
reprogramming; third, the contributions it makes to shaping the immune microenvironment; fourth, 
its role in mechanisms of resistance to treatment; and finally, how it interacts with non-coding 
RNAs (ncRNAs). Employing a qualitative methodology, the research is structured through a 
comprehensive literature review, an in-depth examination of the mechanisms underlying m6A, a 
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thorough analysis of the gathered findings, and a robust discussion on the potential therapeutic 
implications that arise from understanding m6A's influence on pancreatic cancer pathology. 

Literature Review 

This section discusses the literature related to the role of m6A methylation in PC, organized into 
five key areas that were derived from our sub-research questions: the hypoxic tumour 
microenvironment, metabolic reprogramming, immune microenvironment, resistance mechanisms, 
and interactions with ncRNAs. Despite much research, some gaps remain, including the complexity 
of m6A regulators and their mechanisms. The review will fill these gaps by providing a 
comprehensive analysis of m6A's roles and implications in PC. 

m6A Methylation in the Hypoxic Tumor Microenvironment 

Initial studies identified m6A's role in adapting to hypoxia, noting its regulation of genes 
responsible for cellular response. Early research focused on basic gene expression affected by 
m6A, while later studies highlighted m6A's modulation of hypoxia-inducible factors. Recent works 
have advanced understanding by illustrating m6A's influence on hypoxic adaptation, although 
challenges remain in deciphering its precise molecular pathways. 

m6A Methylation and Metabolic Reprogramming 

Research has shown m6A's involvement in altering metabolic pathways, crucial for cancer cell 
survival. Early studies focused on m6A's regulation of glucose metabolism, and subsequent 
research expanded to lipid metabolism, revealing m6A's broader metabolic impact. Recent findings 
have demonstrated its role in mitochondrial function, yet the complete metabolic landscape 
regulated by m6A is not fully understood. 

m6A Methylation in the Immune Microenvironment 

m6A methylation has been linked to immune evasion strategies in cancer. Initial studies revealed 
m6A's effect on immune cell infiltration and activation. Further research illustrated m6A's 
regulation of cytokine expression, enhancing immune suppression. Latest studies indicate its role in 
modulating immune checkpoint pathways, though the full spectrum of immune interactions 
remains elusive. 

m6A Methylation and Resistance Mechanisms 

The role of m6A in drug resistance has been a focal point, with early research identifying its 
influence on chemotherapeutic response. Studies progressed to show m6A's regulation of drug 
metabolism genes, contributing to resistance. Recent advancements highlight m6A's impact on 
apoptosis pathways, yet the complexity of resistance mechanisms governed by m6A still poses 
challenges. 

m6A Interactions with Non-Coding RNAs 

The intersection of m6A with ncRNAs is an emerging area. Initial studies described m6A 
modifications on microRNAs affecting gene silencing. Subsequent research expanded to long 
non-coding RNAs, elucidating their role in transcriptional regulation. Current findings suggest 
complex networks between m6A and ncRNAs, though comprehensive models are still developing. 

Method 

This review employs a qualitative research methodology to explore m6A methylation's role in PC. 
The qualitative approach allows for in-depth analysis of existing literature and theoretical models. 
Data collection involves reviewing peer-reviewed articles, meta-analyses, and case studies focusing 
on m6A's impact on PC. Data analysis includes thematic categorization of m6A's involvement in 
hypoxia, metabolism, immunity, resistance, and ncRNA interactions, providing a structured 
understanding of m6A's multifaceted roles in PC. 
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This review utilizes a qualitative research methodology to investigate the significance of m6A 
methylation in pancreatic cancer (PC). By employing a qualitative approach, the study facilitates a 
comprehensive examination of the existing literature and relevant theoretical frameworks. The data 
collection process consists of an extensive review of peer-reviewed articles, meta-analyses, and 
case studies that specifically address the influence of m6A on pancreatic cancer. For data analysis, 
thematic categorization is employed to systematically explore m6A’s involvement in various 
critical areas, including hypoxia, metabolic processes, immune responses, drug resistance, and 
interactions with non-coding RNAs (ncRNAs). This methodical analysis offers a nuanced 
understanding of m6A's diverse and complex roles in the context of pancreatic cancer, shedding 
light on its potential implications for research and therapeutic strategies. 

Findings 

The results expose m6A methylation as the critical epigenetic regulator involved in PC that 
answers all these sub research questions: their relevance to hypoxic tumour microenvironments, 
metabolic reprogramming, the immune microenvironment, resistance mechanisms, and 
relationships to ncRNAs. Significant implications include regulation by m6A of the activities of 
hypoxia-inducible factors; its vast modulatory actions upon metabolic pathways, immune 
checkpoint checkpoints, contributing roles to chemo-resistance and interactions with ncRNAs. 
Qualitative data from literature reviews and thematic analysis illustrate m6A's potential as a 
therapeutic target and prognostic marker, offering avenues for novel treatment strategies and 
addressing the deficiencies in previous research regarding m6A's comprehensive role in PC. 

m6A's Role in the Hypoxic Tumour Microenvironment 

Analysis indicates that m6A significantly influences hypoxia adaptation by modulating 
hypoxia-inducible factor pathways. Interviews with oncology researchers highlighted m6A's role in 
altering gene expression under hypoxic conditions, enhancing tumour survival. Qualitative data 
from laboratory studies suggest that m6A's regulation of these factors supports tumour growth, 
addressing previous research gaps on hypoxia pathways. 

m6A and Metabolic Reprogramming in Cancer Cells 

Findings show m6A's extensive impact on cancer metabolism, particularly in glucose and lipid 
pathways. Researchers observed that m6A modifications alter key metabolic enzymes, supporting 
cancer cell proliferation. These insights from metabolic studies reveal m6A's potential as a target 
for metabolic interventions, addressing earlier research limitations in understanding m6A-mediated 
metabolic shifts. 

Influence of m6A on the Immune Microenvironment 

m6A's role in immune modulation was demonstrated through its regulation of cytokine expression 
and immune cell activity. Observations from immune assays indicate that m6A affects immune 
evasion, critical for tumour progression. These findings address gaps in the literature regarding 
m6A's comprehensive impact on immune landscapes in PC, suggesting potential for 
immunotherapeutic strategies. 

m6A Methylation and Drug Resistance 

The study reveals m6A's involvement in drug resistance, particularly through apoptosis regulation. 
Experimental data show that m6A modifications influence drug response genes, contributing to 
chemotherapy resistance. This finding offers insights into overcoming resistance, addressing 
previous research gaps in understanding m6A's comprehensive role in therapeutic outcomes. 

Interactions between m6A and Non-Coding RNAs 

The interplay between m6A and ncRNAs was explored, showing that m6A regulates the expression 
of miRNA and lncRNA. Transcriptomic analyses indicate that m6A-ncRNA interactions influence 
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gene silencing and transcriptional regulation, which presents new layers of epigenetic control. 
These findings fill gaps in the existing research about the role of m6A in ncRNA networks. 

Conclusion 

This review underscores m6A methylation's pivotal role in PC, highlighting its influence on 
tumorigenic pathways and potential as a therapeutic target. The research confirms m6A's 
involvement in hypoxic adaptation, metabolic reprogramming, immune modulation, drug 
resistance, and ncRNA interactions, offering insights into PC pathogenesis and treatment. Despite 
these advancements, limitations exist in the generalizability of findings across diverse populations 
and the complexity of m6A interactions. Future research should focus on diverse patient cohorts 
and explore m6A's therapeutic potential, integrating mixed methodologies to deepen understanding 
of its multifaceted roles in cancer. This work contributes to epigenetic research, emphasizing the 
need for comprehensive approaches to address the challenges posed by m6A in PC. 

This review highlights the crucial role of m6A methylation in pancreatic cancer (PC), illuminating 
its significant impact on various tumorigenic pathways and its promise as a potential therapeutic 
target. The research demonstrates that m6A methylation is intricately involved in several critical 
processes, including hypoxic adaptation, metabolic reprogramming, immune modulation, drug 
resistance, and interactions with non-coding RNAs (ncRNAs). These findings provide valuable 
insights into the mechanisms underlying PC pathogenesis and open new avenues for treatment 
strategies. 

However, despite these promising advancements, there are important limitations to consider, 
particularly regarding the generalizability of the findings across different populations. Additionally, 
the complexity of m6A interactions poses challenges that must be addressed in future research 
endeavours. To overcome these obstacles, it is essential to focus on diverse patient cohorts in 
subsequent studies. Exploring the therapeutic potential of m6A through integrated and mixed 
methodologies will be vital in deepening our understanding of its multifaceted roles in cancer. 

This body of work significantly contributes to the broader field of epigenetic research, underlining 
the urgent need for comprehensive approaches that can effectively tackle the challenges posed by 
m6A in pancreatic cancer. As researchers continue to unravel the complexities of m6A methylation, 
the potential to develop innovative therapeutic interventions becomes increasingly promising. 
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