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ABSTRACT 
 

Pancreatic cancer, particularly pancreatic adenocarcinoma (PDAC), remains a formidable adversary in the world of 
medicine. It's a disease marked by its aggressive nature, often diagnosed too late, and stubbornly resistant to our current 
treatments. This urgent reality compels us to find new, highly specific tools – what we call biomarkers – that can 
revolutionize how we detect it early, understand its progression, and most importantly, guide us toward therapies that 
truly hit their mark. Think of messenger RNA (mRNA) molecules as the dynamic storytellers within our cells, constantly 
revealing the active biological processes of cancer. This comprehensive review embarks on a journey through the evolving 
landscape of how we identify these mRNA-based biomarkers in pancreatic cancer. We'll uncover their immense potential 
to usher in an era of truly personalized medicine. We'll dive into the meticulous methods scientists use, from advanced 
sequencing technologies to sophisticated computational detective work. Along the way, we'll shine a light on promising 
mRNA candidates that are emerging from rigorous research, exploring their biological significance and how they could 
profoundly influence the design of tailored treatments for each patient. The exciting synergy between cutting-edge 
molecular tools and advanced computing is steadily deepening our grasp of pancreatic cancer's intricate biological 
secrets, paving the way for more effective, gentler, and truly personalized treatment paths.. 

Keywords: Pancreatic cancer, mRNA, biomarkers, targeted therapy, precision medicine, transcriptome, bioinformatics, 
differential expression, molecular oncology, personalized treatment. 

 
INTRODUCTION 

Pancreatic cancer, especially pancreatic adenocarcinoma 

(PDAC), isn't just a medical term; it's a global health crisis, 

consistently standing as one of the deadliest forms of 

cancer worldwide [1, 4]. Its devastating impact stems from 

a heartbreaking combination of factors: it often creeps in 

silently, showing no clear signs until it's already advanced 

and difficult to remove; it grows and spreads with alarming 

speed; and it has a frustrating ability to resist our best 

efforts with chemotherapy and radiation [2, 3]. Despite 

incredible dedication from researchers and significant 

leaps forward in fighting other cancers, the five-year 

survival rate for pancreatic cancer remains tragically low, 

often just a single-digit percentage. This stark reality 

screams for urgent, transformative breakthroughs in how 

we diagnose and treat this disease [1, 4]. 

Our current arsenal against pancreatic cancer primarily 

includes surgery (an option for only a small, fortunate few 

in early stages), systemic chemotherapy, and radiation. 

Too often, these treatments offer limited and temporary 

relief, especially for those battling advanced or metastatic 

disease [9]. What makes this even harder is the incredible 

biological diversity within pancreatic tumors – no two are 

exactly alike, even within the same patient's tumor [3]. This 

means a "one-size-fits-all" approach simply doesn't work. 

We desperately need a new way forward: personalized 

medicine. At its heart, precision oncology is about crafting 

treatments specifically for the unique molecular makeup of 

each patient's tumor. The goal? To maximize the treatment's 

power while minimizing harm to healthy cells [5, 10, 11]. 

The very foundation of this personalized approach rests on 

finding and rigorously testing reliable biomarkers – 

molecular clues that can accurately describe a tumor, 

predict its behavior, and, most critically, tell us which 

specific therapies it will respond to [7, 8]. 

Now, let's talk about messenger RNA (mRNA) molecules. 

Think of them as the vital messengers carrying instructions 

from our genes to build proteins. Their levels in a cell are 

incredibly sensitive, reflecting exactly what's happening 

inside – which genes are active, which are quiet, and how the 

cell is responding to its environment. In the context of 

cancer, changes in mRNA levels can be like flashing warning 

lights, signaling fundamental shifts in cellular pathways, the 



EUROPEAN JOURNAL OF EMERGING BIOLOGY AND LIFE SCIENCES 

pg. 27  

activation of cancer-promoting genes, the silencing of 

cancer-fighting genes, and the emergence of unique 

weaknesses within the malignant cells [5, 6]. Because of 

this, looking closely at mRNA expression patterns – a field 

we call transcriptomics – has become an exceptionally 

powerful and promising avenue for discovering new 

biomarkers in pancreatic cancer [6]. 

These mRNA-based biomarkers hold immense potential 

for a wide range of clinical applications. Imagine being able 

to detect pancreatic cancer earlier and more accurately, 

especially in those at high risk, potentially opening the 

door for life-saving surgery [17]. Or, picture specific mRNA 

signatures that could predict how aggressive a tumor is, 

the likelihood of it returning, or how long a patient might 

live, allowing doctors to tailor treatment plans with greater 

precision. Most critically, as predictive biomarkers, they 

could pinpoint exactly which patients will benefit most 

from specific targeted therapies, saving others from 

ineffective treatments and their harsh side effects, 

ultimately improving outcomes [5, 8]. And the exciting new 

field of mRNA-based therapies, including mRNA vaccines, 

only amplifies the importance of understanding these 

molecular storytellers [5]. 

This article isn't just a dry academic report; it's an 

invitation to explore the cutting edge of how we're 

identifying mRNA-based biomarkers to develop targeted 

therapies for pancreatic cancer. We'll systematically walk 

through the state-of-the-art methods scientists use, from 

collecting precious samples and performing high-

throughput sequencing to the advanced computational 

detective work that makes sense of it all. We'll highlight the 

most promising mRNA candidates that have emerged, 

delving into their biological roles and what they mean for 

creating new, smarter treatment strategies. We'll also 

openly discuss the hurdles we face in bringing these 

exciting discoveries from the lab bench to the patient's 

bedside, and look ahead to future directions, including 

combining different types of molecular data, harnessing 

the power of artificial intelligence, and developing 

groundbreaking mRNA-based treatments. Through this 

journey, we hope to illuminate the pivotal role of mRNA 

signatures in deepening our understanding of pancreatic 

cancer and paving the way for a new era of precision 

medicine that can truly improve the lives of those affected 

by this devastating disease. 

METHODS 

Our Scientific Journey to mRNA Biomarker Discovery 

Embarking on the quest to find and validate mRNA-based 

biomarkers for pancreatic cancer is a meticulous and 

multi-layered scientific journey. This section describes the 

careful steps we take, highlighting the crucial 

considerations at each stage of this complex process. 

2.1. Gathering Our Biological Clues: Sample Acquisition 

and RNA Extraction 

The success of any deep dive into gene expression hinges on 

the quality and intactness of the biological samples we 

collect. For pancreatic cancer biomarker discovery, our 

precious clues typically come from: 

● Fresh-frozen tumor tissue: These samples, collected 

during surgery, offer a direct window into the tumor's 

unique molecular profile. Freezing them quickly is 

absolutely essential to keep the delicate RNA molecules 

from breaking down. 

● Adjacent normal pancreatic tissue: We often collect 

healthy tissue right next to the tumor from the same 

patient. This serves as an invaluable control, allowing us 

to pinpoint exactly which gene expression changes are 

specific to the cancer. 

● Formalin-fixed paraffin-embedded (FFPE) tissue: 

While a bit more challenging because RNA can degrade 

during this preservation process, FFPE blocks represent 

a vast historical archive of patient samples. This makes 

them incredibly important for looking back at past cases 

and validating our discoveries. We use special kits to 

carefully extract RNA from these older samples. 

● Liquid biopsies: These are exciting, non-invasive 

samples like blood plasma, serum, urine, or fluid from 

pancreatic cysts. We're increasingly exploring them for 

early detection and for keeping an eye on the disease 

over time. We can isolate tiny bits of circulating tumor 

cells (CTCs), cell-free RNA (cfRNA), and even exosomes 

(tiny vesicles) that carry mRNA from the tumor [8]. 

While incredibly convenient for patients, the very low 

concentration of tumor-derived mRNA in these liquid 

samples presents significant technical hurdles that 

we're constantly working to overcome. 

Once we have our samples, the next critical step is to 

painstakingly extract the total RNA. This involves carefully 

breaking open cells, removing cellular debris, and purifying 

the RNA away from other molecules like DNA and proteins. 

We rely on specialized commercial kits, each optimized for 

different sample types, to ensure we get high-quality, intact 

RNA. We then rigorously check the quantity and quality of 

our extracted RNA using precise instruments like 

spectrophotometers and capillary electrophoresis systems. 

A high RNA Integrity Number (RIN) is a must for us to trust 

our downstream analyses, especially for RNA sequencing. 

2.2. Reading the mRNA Story: Expression Profiling 

Technologies 

With high-quality RNA in hand, we move to the exciting part: 

quantifying the expression levels of thousands of mRNA 

molecules. The technology we choose depends on our 

specific research questions, our budget, and the tools 

available in our lab. 
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2.2.1. Microarray Technology: A Look Back 

Historically, microarrays were the go-to platform for 

broadly looking at gene expression [6, 13]. Imagine a tiny 

chip covered with thousands of microscopic spots, each 

containing a unique DNA probe for a specific gene. We take 

the mRNA from our samples, convert it into fluorescently 

labeled DNA, and then let it stick (hybridize) to its 

matching probes on the chip. The brighter the fluorescent 

signal at a spot, the more of that specific mRNA was present 

in our original sample. 

● What we liked about them: They were relatively 

affordable for studying many samples, we had well-

established computer programs to analyze the data, 

and they were good for finding known genes. 

● Their limitations: They could only detect genes for 

which we had designed probes, they weren't as precise 

as newer methods, and sometimes different genes 

could accidentally stick to the same probe. 

2.2.2. RNA Sequencing (RNA-Seq): The Modern 

Standard 

RNA-Seq has truly revolutionized how we study gene 

expression and is now considered the gold standard for a 

comprehensive view of all the mRNA molecules in a sample 

[14, 18]. This powerful technology involves several steps: 

we convert mRNA into DNA, break this DNA into tiny 

fragments, add special molecular "tags," and then sequence 

these fragments using advanced next-generation 

sequencing (NGS) machines. The beauty of it is that the 

more times we read a specific gene's fragment, the more of 

that mRNA was present in our original sample. 

● What makes it powerful: It's an unbiased approach, 

meaning it can detect all expressed mRNA molecules 

(both known and newly discovered ones). It also helps 

us find different versions of genes, fused genes, and 

even non-coding RNA. It's incredibly precise and can 

detect even very rare mRNA molecules. 

● Its challenges: It's more expensive per sample, and 

making sense of the massive amount of data it 

generates requires specialized computer skills and 

powerful computing resources. 

2.3. Cleaning Up the Data: Pre-processing and Quality 

Control 

The raw data we get from microarrays or RNA-Seq 

machines is never perfect. It's often noisy and can have 

technical variations introduced during the experiment. So, 

a rigorous process of pre-processing and quality control 

(QC) is absolutely essential to ensure our findings are 

reliable and meaningful. 

2.3.1. Getting the Raw Data Ready 

● For Microarray Data: We take the raw intensity files 

and run them through a series of steps. This includes 

"background correction" to remove unwanted noise, 

"normalization" to make sure we can fairly compare 

expression levels across different samples, and 

"summarization" to convert raw probe signals into 

meaningful gene expression values [13]. 

● For RNA-Seq Data: We start with raw sequencing reads 

and carefully trim off any unwanted molecular tags, 

filter out low-quality reads or parts of reads, and then 

align the remaining high-quality reads to a reference 

human genome. Finally, we count how many reads map 

to each gene or transcript to get our raw expression 

counts. 

2.3.2. Ensuring Quality 

Quality control is an ongoing process. Some key checks we 

perform include: 

● RNA Integrity: We always check the RIN values (RNA 

Integrity Number) – a high score means our RNA is in 

good shape. 

● Sequencing Depth (RNA-Seq): We make sure we've 

generated enough reads per sample to accurately 

measure gene expression. 

● Mapping Rate (RNA-Seq): We check what percentage 

of our reads successfully mapped to the human genome. 

A high percentage means good data. 

● Sample Clustering: We use statistical methods like 

Principal Component Analysis (PCA) or hierarchical 

clustering to visually check if our samples group 

together as expected (e.g., all tumor samples together, 

all normal samples together). This helps us spot any 

"outliers" or technical issues that might have affected a 

specific batch of samples [13]. If a sample doesn't 

behave as expected, we might exclude it. 

● Batch Effect Correction: If we process samples in 

different "batches" over time, small technical 

differences can creep in. We use specialized 

computational tools to remove these non-biological 

variations, ensuring that any differences we see are 

truly biological and not just experimental artifacts. 

2.4. Finding the Differences: Differential Expression 

Analysis 

The heart of our biomarker discovery lies in this step: 

identifying which genes are significantly more or less active 

in pancreatic cancer cells compared to normal cells (or other 

conditions we're studying). 

2.4.1. Our Statistical Tools 

We apply powerful statistical methods to our cleaned-up 

data to pinpoint these "differentially expressed genes" 

(DEGs). 

● For Microarray Data: The limma package in R is a 

favorite. It uses sophisticated statistical models to 

identify significant differences, providing robust results 

even with complex experimental designs [14]. It also 
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helps us account for variability between genes, making 

our findings more reliable. 

● For RNA-Seq Data: We often turn to packages like 

DESeq2 and edgeR. These tools are specifically 

designed for the type of "count data" we get from RNA-

Seq, using advanced statistical models that are perfect 

for this kind of information. 

2.4.2. What Makes a Gene "Different"? 

We typically identify DEGs based on two main criteria: 

● Fold Change (FC) or Log2 Fold Change (LogFC): This 

simply measures how much the expression of a gene 

has changed between our groups. For example, a 

LogFC of 1 means the gene is expressed twice as much 

(a 2-fold increase), while a LogFC of -1 means it's 

expressed half as much (a 2-fold decrease). We often 

look for changes of at least 2-fold (or |LogFC| > 1). 

● Statistical Significance: This tells us how likely it is 

that the observed difference happened purely by 

chance. A p-value less than 0.05 is a common starting 

point. However, because we're testing thousands of 

genes at once, we use "adjusted p-values" (like False 

Discovery Rate, FDR) to be extra careful and control for 

false positives. An adjusted p-value less than 0.05 is 

our gold standard for a truly significant finding. 

The end result of this analysis is a list of DEGs, complete 

with their fold change and statistical significance, clearly 

showing us which genes are "up-regulated" (more active in 

tumors) or "down-regulated" (less active in tumors). 

2.5. Understanding the Story: Functional Annotation 

and Pathway Analysis 

Finding a list of differentially expressed genes is a great 

start, but it's just a list of names. To truly understand what 

these genes mean for pancreatic cancer, we need to figure 

out their biological roles and how they fit into the bigger 

picture of cellular processes. This is where functional 

annotation and pathway analysis come in. 

2.5.1. Gene Ontology (GO) Enrichment Analysis: What 

Do These Genes Do? 

Imagine a giant, organized dictionary of gene functions. 

That's Gene Ontology (GO). It categorizes gene products by 

their biological processes (what they do), molecular 

functions (how they do it), and cellular components (where 

they do it). When we do GO enrichment analysis, we're 

essentially asking: "Are certain types of gene functions or 

processes unusually common in our list of differentially 

expressed genes?" This helps us infer which biological 

activities are disrupted or hyperactive in pancreatic 

cancer. 

2.5.2. Pathway Enrichment Analysis: How Do They 

Work Together? 

Cancer isn't just about individual genes; it's about entire 

networks of genes and proteins (pathways) that go awry. 

Pathway enrichment analysis helps us identify which 

specific molecular pathways (like signaling pathways that 

tell cells to grow, or metabolic pathways that fuel them) are 

over-represented or dysfunctional among our DEGs. We use 

well-known databases for this, such as: 

● KEGG (Kyoto Encyclopedia of Genes and Genomes): 

A comprehensive resource that connects genes to their 

roles in various biological systems and diseases. 

● Reactome: A curated database that meticulously maps 

out human biological pathways. 

● WikiPathways: An open, community-driven platform 

for biological pathway information. 

● MSigDB (Molecular Signatures Database): A 

collection of gene sets, including those representing 

known biological pathways and cancer-related 

signatures. 

By identifying these enriched pathways, we gain crucial 

insights into the fundamental mechanisms driving 

pancreatic cancer. More importantly, this helps us pinpoint 

potential "choke points" within these pathways that could 

be targeted with new therapies [21]. 

2.6. Proving Our Discoveries: Validation of Candidate 

Biomarkers 

Finding potential biomarkers is an exciting first step, but for 

them to be useful in the clinic, they need rigorous proof. This 

validation process confirms that our discoveries are real, 

reproducible, and truly relevant to patients. 

2.6.1. Experimental Validation: Confirming in the Lab 

● Quantitative Real-Time PCR (qRT-PCR): This is a 

highly sensitive and precise lab technique we use to 

double-check the expression levels of a smaller, hand-

picked set of our most promising mRNA biomarkers. It 

gives us very accurate measurements of how much of 

each mRNA is present [16]. 

● Western Blotting and Immunohistochemistry (IHC): 

If our mRNA biomarker codes for a protein, we need to 

confirm that the protein itself is also changed. Western 

blotting helps us quantify protein levels in cell or tissue 

extracts, while IHC allows us to visualize where the 

protein is located and how much of it there is directly 

within tissue sections. These methods are crucial 

because they show us that changes in the mRNA 

blueprint actually lead to changes in the final protein 

product, which is often what directly drives the disease 

[7]. 

2.6.2. Clinical Validation: Proving It Matters for 

Patients 
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● Independent Cohorts: Our candidate biomarkers 

must be tested and confirmed in completely separate 

groups of patients, ideally from different hospitals and 

diverse backgrounds. This ensures our findings aren't 

just a fluke of our initial study but are broadly 

applicable. 

● Prospective Studies: While looking back at past 

patient data is helpful for initial validation, the gold 

standard is to conduct "prospective" studies. Here, we 

follow new patients forward in time, carefully tracking 

their disease and treatment outcomes. This is essential 

to truly establish if a biomarker has real clinical value. 

● Diagnostic Performance: For biomarkers designed to 

diagnose cancer, we meticulously evaluate their 

"sensitivity" (how well they catch true positives), 

"specificity" (how well they avoid false positives), and 

their "predictive values." We also use Receiver 

Operating Characteristic (ROC) curves to assess how 

well they can distinguish between cancer and non-

cancerous conditions [17]. 

● Prognostic and Predictive Performance: For 

biomarkers that predict disease course, we use 

statistical tools like Kaplan-Meier survival curves to 

see if they're associated with how long patients live or 

how long they remain disease-free. For predictive 

biomarkers, we test their ability to forecast whether a 

patient will respond to a specific therapy, often within 

the context of carefully designed clinical trials. 

The journey from a promising lab discovery to a widely 

used clinical tool is long and challenging. It demands 

rigorous validation at every step to ensure the biomarker 

is robust, reliable, and truly makes a difference for patients. 

RESULTS 

The Emerging mRNA Story in Pancreatic Cancer 

Through the diligent application of the comprehensive 

methods we've just discussed, our scientific community 

has identified numerous mRNA candidates that show 

exciting potential as biomarkers for pancreatic cancer. 

These discoveries are providing us with vital insights into 

the molecular secrets of the disease and hold immense 

promise for transforming how we approach diagnosis, 

prognosis, and treatment. We typically categorize these 

mRNA biomarkers based on how they might be used in the 

clinic. 

3.1. mRNA Biomarkers for Earlier Diagnosis 

Catching pancreatic cancer early is incredibly difficult, 

mainly because its initial symptoms are often vague, and 

the pancreas itself is hidden deep within the body [17]. 

That's why scientists have been intensely focused on using 

mRNA expression profiling to find transcripts that are 

uniquely active or inactive in pancreatic tumor cells 

compared to healthy pancreatic tissue or other non-

cancerous conditions. Our ultimate goal here is to develop 

highly sensitive and specific diagnostic tests that can detect 

the disease when it's still small enough to be surgically 

removed, which would dramatically improve a patient's 

chances of survival. 

Time and again, studies have consistently pointed to a range 

of mRNAs that are either significantly "up-regulated" (more 

active) or "down-regulated" (less active) in pancreatic 

cancer. For instance, genes that drive uncontrolled cell 

growth, enable cancer cells to spread (a process called 

epithelial-mesenchymal transition or EMT), promote new 

blood vessel formation (angiogenesis), or help cancer cells 

evade the immune system are frequently found to be 

overexpressed. Conversely, genes that normally suppress 

tumors or are essential for healthy pancreatic function are 

often found to be underactive. While a single mRNA marker 

might not be powerful enough on its own for a definitive 

diagnostic test, our focus is increasingly shifting towards 

using "multi-mRNA panels." These panels combine 

information from several different, but complementary, 

mRNA markers to achieve much higher diagnostic accuracy. 

Imagine a panel that includes a mix of genes involved in 

driving cancer, EMT-related genes, and immune modulators 

– together, they paint a much clearer molecular picture of 

the tumor. Integrating these panels with existing imaging 

techniques and blood tests (like CA19-9) holds the exciting 

potential to significantly enhance our ability to detect 

pancreatic cancer early, especially in individuals at high risk 

or those with suspicious pancreatic lesions. 

3.2. mRNA Biomarkers for Predicting Disease Course 

(Prognosis) 

Prognostic biomarkers are like molecular crystal balls; they 

give us crucial information about how the disease is likely to 

behave and what a patient's outcome might be, regardless of 

the specific treatment they receive. Identifying mRNA 

signatures linked to prognosis allows doctors to better 

categorize patients, helping them make more informed 

decisions about how aggressive a treatment should be and 

how closely a patient needs to be monitored. 

Research has unveiled several mRNA transcripts whose 

expression levels directly correlate with important 

indicators like overall survival (how long a patient lives), 

progression-free survival (how long they live without the 

disease getting worse), and recurrence-free survival (how 

long they live without the cancer coming back). For example, 

higher activity of certain cancer-promoting genes or genes 

linked to aggressive tumor traits (like a greater ability to 

spread) often points to a poorer prognosis. On the flip side, 

higher activity of certain tumor-suppressing genes or genes 

involved in a strong immune response might suggest better 

outcomes. Liu et al. (2018) beautifully demonstrated how 

combining mRNA and miRNA expression analysis could 
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identify powerful prognostic biomarkers in pancreatic 

cancer, showing us that looking at multiple types of 

molecular data can lead to more robust predictions [6]. 

These mRNA-based prognostic models can help us identify 

patients who might benefit from more intensive follow-up 

therapies after surgery or those who need closer 

surveillance because they face a higher risk of the cancer 

returning. 

3.3. mRNA Biomarkers for Guiding Treatment 

(Prediction) 

Perhaps the most exciting and impactful use of mRNA 

biomarkers is their ability to predict whether a patient will 

respond to a specific therapy. This is the very essence of 

precision oncology: choosing the treatment that's most 

likely to work for that particular patient, thereby sparing 

them from ineffective therapies and their often-harsh side 

effects. 

Pancreatic cancer is known for certain common genetic 

changes that significantly influence how it responds to 

treatment. While we often look for these changes at the 

DNA level, their functional consequences are profoundly 

reflected in the mRNA expression. For instance, mutations 

in genes like KRAS, TP53, CDKN2A, and SMAD4 are very 

common in pancreatic cancer and dramatically impact its 

biology and its vulnerabilities to therapy [19]. 

● KRAS Mutations: Found in about 88% of pancreatic 

cancer cases, KRAS mutations act like a faulty "on" 

switch, constantly activating pathways that drive 

uncontrolled cell growth and contribute to treatment 

resistance. While KRAS was once considered 

"undruggable," recent breakthroughs with KRAS G12C 

inhibitors are changing this, making mRNA expression 

profiles related to KRAS pathway activation incredibly 

important for selecting the right patients for these new 

drugs [19]. 

● TP53 Mutations: When the TP53 tumor suppressor 

gene is mutated, it loses its ability to maintain genomic 

stability and respond to cellular stress. This allows the 

tumor to progress and often makes it resistant to 

chemotherapy [19]. 

● SMAD4 Loss: Losing the SMAD4 gene (seen in about 

half of pancreatic cancer cases) cripples a crucial 

signaling pathway (TGF-β) that normally controls 

growth and differentiation. This loss actually helps the 

cancer spread [19]. 

● CDKN2A Inactivation: When CDKN2A is inactivated, it 

throws the cell cycle into overdrive, accelerating 

tumor growth [19]. 

Beyond these well-known genetic drivers, our 

transcriptomic analyses are uncovering new mRNA 

candidates that can act as powerful predictive biomarkers 

for targeted therapies. 

3.3.1. Trefoil Factors (TFFs): Unexpected Allies in 

Cancer's Story 

The Trefoil Factor family (TFF1, TFF2, TFF3) includes small 

proteins that are usually busy protecting and repairing the 

lining of our digestive system [15]. However, we're 

increasingly finding that their levels are out of whack in 

various cancers, including pancreatic cancer [20]. Changes 

in the mRNA expression of TFFs, especially TFF1, have been 

observed in pancreatic cancer, suggesting they play a role in 

promoting tumor growth. For example, TFF1 has been 

linked to pathways like NF-κB, STAT3, and EGFR, all of which 

are critical for cancer development [15]. If a tumor shows 

high TFF1 mRNA, it might signal that the tumor is relying on 

these pathways, making TFF1 a potential predictor for drugs 

that target these specific signaling cascades. Plus, because 

TFFs are involved in cell growth and death – processes that 

go haywire in cancer – they could be both diagnostic 

markers and therapeutic targets [20]. 

3.3.2. Laminin Subunit Gamma 2 (LAMC2): A Key Player 

in Cancer's Spread 

Laminin Subunit Gamma 2 (LAMC2) is part of a larger family 

of proteins (laminins) that are essential for how cells stick 

together, move, and develop. LAMC2 has drawn a lot of 

attention in pancreatic cancer research because of its clear 

role in promoting cancer [16]. We've consistently found that 

LAMC2 mRNA is highly active in pancreatic cancer tissues, 

and this high activity often correlates with a poor prognosis 

for patients [16]. At a deeper level, LAMC2 helps cancer cells 

move and invade other tissues, contributes to their 

resistance to chemotherapy, and plays a crucial role in 

activating key cancer-driving pathways, particularly the 

AKT pathway [16]. More recent studies have further 

illuminated how LAMC2 fuels pancreatic cancer growth by 

controlling important genes and pathways that we can 

actually target [21]. This makes LAMC2 mRNA expression a 

very promising predictive biomarker for therapies that aim 

to block cell movement, invasion, or the AKT signaling 

pathway. By modulating LAMC2, we might not only slow 

down tumor growth but also improve early detection and 

make treatments more effective [21]. 

3.4. The Bigger Picture: Comprehensive mRNA 

Signatures and New mRNA Therapies 

Beyond looking at individual genes, the power of large-scale 

mRNA expression profiling allows us to identify complex 

"signatures" or panels of genes. These are like molecular 

fingerprints that collectively characterize a specific type of 

tumor or predict its response to a broader class of drugs. To 

find these intricate patterns within vast amounts of mRNA 

data, we often rely on advanced machine learning 

algorithms. 

What's even more exciting is that the insights we gain from 
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discovering mRNA biomarkers are directly fueling the 

development of groundbreaking mRNA-based therapies. 

Take personalized mRNA vaccines, for instance. This is a 

cutting-edge approach where we deliver mRNA sequences 

that teach the patient's immune system to recognize and 

attack specific cancer markers (antigens) found on their 

own tumor (which we identify through comprehensive 

mRNA profiling). These vaccines aim to unleash a powerful 

and highly specific anti-tumor immune response, offering 

a truly individualized treatment strategy for pancreatic 

cancer [5]. While still in early clinical development, this 

area holds immense promise for revolutionizing cancer 

treatment. 

In essence, the results from mRNA biomarker 

identification studies are incredibly rich and diverse, 

offering diagnostic, prognostic, and predictive insights. By 

focusing on specific genes like TFF1 and LAMC2, alongside 

broader, more complex mRNA signatures, we are steadily 

moving closer to more precise and effective ways to 

manage pancreatic cancer. 

DISCUSSION 

 Bringing Hope to Patients – The Impact and Future of 

mRNA Biomarkers in Pancreatic Cancer 

The identification of mRNA-based biomarkers represents a 

truly transformative frontier in our ongoing fight against 

pancreatic cancer. It holds the profound potential to 

fundamentally reshape how we diagnose, predict the 

course of, and treat this challenging disease. The ability to 

precisely map out the molecular landscape of each 

individual tumor through comprehensive mRNA profiling 

offers a multitude of advantages over our traditional 

approaches, paving the way for a more personalized and 

ultimately more effective era of cancer care. 

4.1. Why mRNA Biomarkers Offer So Much Promise 

4.1.1. A Dynamic Window into Cancer's Activity 

Unlike genetic mutations, which are largely fixed 

blueprints, mRNA expression levels give us a dynamic, 

real-time snapshot of what's actively happening inside a 

cell. They reflect the immediate instructions being read 

from our genes, capturing the intricate dance of gene 

regulation as cells respond to their environment, to 

disease, and to treatments [5, 6]. This dynamic nature is 

incredibly valuable for monitoring how a disease is 

progressing, seeing early signs of a treatment working (or 

not working), and even detecting tiny amounts of cancer 

cells left behind or new resistance mechanisms emerging – 

things that might be invisible if we only looked at DNA. For 

example, if a tumor starts making more mRNA for certain 

drug-pumping proteins, it could signal that it's becoming 

resistant to chemotherapy, allowing us to adjust treatment 

before the patient even feels a change. 

4.1.2. Uncovering Cancer's Weaknesses: New 

Therapeutic Targets 

One of the most powerful aspects of mRNA profiling is its 

ability to help us discover new vulnerabilities within cancer 

cells. By identifying mRNAs that are abnormally active and 

are crucial for the tumor's growth, survival, spread, or 

ability to hide from the immune system, researchers can 

pinpoint specific molecular "Achilles' heels" that can be 

attacked by targeted drugs. The stories of Trefoil Factors 

(TFFs) and Laminin Subunit Gamma 2 (LAMC2) beautifully 

illustrate this potential. TFFs, which help protect our gut 

lining and promote cell growth, and LAMC2, a key player in 

how cancer cells move and invade, are both overly active in 

pancreatic cancer and contribute to its aggressive nature 

[15, 16, 20, 21]. The insights we gain from studying mRNA 

expression can directly guide us in designing and developing 

new small molecule drugs, therapeutic antibodies, or even 

gene-editing approaches specifically crafted to interfere 

with these misbehaving genes or the pathways they control. 

This targeted approach promises to deliver therapies that 

are much more precise, causing less harm to healthy cells 

compared to traditional chemotherapy. 

4.1.3. Guiding the Way: Better Patient Selection and 

Treatment Choices 

The frustrating reality of pancreatic cancer is its incredible 

diversity – no two tumors are exactly alike, even within the 

same patient [3]. This makes a "one-size-fits-all" treatment 

strategy largely ineffective. mRNA biomarkers are proving 

invaluable in overcoming this challenge by allowing us to 

precisely categorize patients for clinical trials and guide 

individualized treatment decisions. By accurately 

identifying which patients are most likely to benefit from a 

particular targeted therapy or immunotherapy, doctors can 

optimize treatment plans, avoid giving ineffective and 

potentially toxic treatments to those who won't respond, 

and significantly improve patient outcomes. For example, if 

a patient's tumor shows high mRNA activity of a particular 

growth factor receptor, that patient might be a perfect 

candidate for a clinical trial testing a drug that blocks that 

very receptor. This personalized approach maximizes the 

chances of success and makes the whole process of drug 

development more efficient. 

4.2. The Road Ahead: Challenges in Bringing Discoveries 

to Patients 

Despite the immense promise, the journey from exciting lab 

discovery to routine clinical use for mRNA biomarkers is a 

complex one, full of hurdles we need to clear. 

4.2.1. The Elusive Nature of Tumor Heterogeneity 
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Pancreatic cancer is notoriously diverse, not just between 

different patients but even within different parts of the 

same tumor [3]. This "heterogeneity" poses a significant 

challenge for finding and validating biomarkers, because a 

marker identified in one small piece of a tumor or in one 

group of patients might not hold true for everyone. Future 

research absolutely needs to account for this by analyzing 

multiple regions of a tumor and testing biomarkers across 

very diverse patient populations to ensure they are 

broadly applicable. 

4.2.2. The Technical Tightrope of Liquid Biopsies 

Liquid biopsies offer a wonderful, non-invasive way to 

detect biomarkers, but the very low amount of tumor-

derived mRNA floating in circulating body fluids presents 

technical difficulties. We need to keep improving the 

sensitivity and specificity of our tests for circulating mRNA 

to ensure we can reliably detect it, especially for very early-

stage disease [8]. Standardizing how we collect, process, 

and analyze liquid biopsy samples is also crucial to ensure 

that results are consistent and comparable across different 

labs. 

4.2.3. The Rigors of Validation and Proving Clinical 

Worth 

The path from a promising research finding to a clinically 

validated biomarker is long and demanding. We need to 

perform rigorous validation in large, independent, and 

diverse groups of patients to confirm that our mRNA 

biomarkers are reproducible, sensitive, and specific [17]. 

Beyond that, we must clearly demonstrate that using the 

biomarker actually improves patient outcomes or offers 

significant cost savings. This often means conducting 

carefully designed prospective clinical trials specifically to 

evaluate the biomarker's real-world impact on treatment 

decisions and patient benefits. Getting regulatory approval 

for new diagnostic and predictive biomarkers is also a very 

strict process, requiring substantial evidence of both 

analytical accuracy and clinical effectiveness. 

4.2.4. Making It Accessible: Cost and Reach 

The high costs associated with advanced mRNA profiling 

technologies (like RNA-Seq) and the need for specialized 

bioinformatics experts can limit their widespread use in 

everyday clinical settings, especially in places with fewer 

resources. We need to work towards developing more 

affordable and accessible platforms for mRNA biomarker 

testing to ensure that everyone, regardless of where they 

live or their economic situation, has a chance to benefit 

from personalized medicine. 

4.3. Looking Ahead: Exciting New Paths and 

Opportunities 

The field of mRNA biomarker discovery is constantly 

evolving, driven by amazing technological advancements 

and our ever-deepening understanding of cancer biology. 

Several exciting new avenues hold tremendous promise for 

overcoming current challenges and speeding up the journey 

from lab to clinic. 

4.3.1. Weaving Together the Story: Integration of Multi-

Omics Data 

Pancreatic cancer is a complex disease, with problems 

arising at many different molecular levels. By combining 

mRNA expression data with other "omics" information – like 

genomics (DNA mutations, gene copy numbers), proteomics 

(protein levels and modifications), and metabolomics 

(metabolite profiles) – we can gain a much more holistic and 

comprehensive understanding of the tumor's biology [18]. 

This multi-omics approach can reveal intricate regulatory 

networks, identify biomarkers that work synergistically, and 

paint a more complete picture of the disease, ultimately 

leading to the discovery of more robust and reliable 

biomarker panels. For example, knowing both a gene's 

mRNA level and whether it has a specific mutation might 

help us pinpoint a subtype of pancreatic cancer that is 

uniquely sensitive to a particular drug. 

4.3.2. Smart Science: Artificial Intelligence and Machine 

Learning in Biomarker Discovery 

The sheer volume and complexity of transcriptomic data are 

staggering, making advanced computational approaches 

essential for analysis and interpretation. Artificial 

intelligence (AI) and machine learning (ML) algorithms are 

increasingly being used to find subtle patterns and 

relationships within these massive datasets that might be 

invisible to traditional statistical methods [13]. AI/ML can 

be powerful tools for: 

● Picking the Best Clues: Helping us identify the most 

informative mRNA biomarkers from thousands of 

candidates. 

● Categorizing Tumors: Classifying pancreatic cancer 

into distinct molecular subtypes, each with different 

prognoses and vulnerabilities to therapy. 

● Predicting Outcomes: Building predictive models that 

forecast how a patient will respond to treatment or if 

their disease will return, based on complex mRNA 

signatures. 

● Finding New Uses for Old Drugs: Identifying existing, 

FDA-approved drugs that could be "repurposed" to 

target specific mRNA pathways that are out of control in 

pancreatic cancer. 

4.3.3. Smarter, Gentler Detection: Advanced Liquid 

Biopsy Technologies 

Continued advancements in liquid biopsy technologies, 
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especially in isolating and analyzing tumor-derived mRNA 

from circulating blood, will be crucial for non-invasive 

early detection and real-time monitoring. Innovations in 

tiny fluidic devices (microfluidics), better ways to isolate 

exosomes (tiny packets of cellular material), and super-

sensitive RNA amplification techniques are expected to 

improve how much tumor-specific mRNA we can get from 

blood. This will make liquid biopsies a much more viable 

and routine option in the clinic. Imagine being able to 

monitor treatment effectiveness and catch early signs of 

recurrence with a simple blood test! 

4.3.4. mRNA-Based Therapies and Diagnostics: A New 

Era 

Beyond traditional drug development, the field of mRNA 

therapeutics itself is booming. The incredible success of 

mRNA vaccines during the COVID-19 pandemic showed us 

just how powerful and versatile this technology can be. In 

the world of cancer, mRNA-based therapies include: 

● mRNA Vaccines: As we discussed, personalized 

mRNA vaccines that target specific cancer markers on 

a patient's tumor hold immense promise for training 

their immune system to fight the cancer [5]. 

● mRNA Gene Therapy: Delivering mRNA to directly 

instruct cancer cells, or the cells around them, to 

produce therapeutic proteins (like tumor suppressors 

or immune-boosting molecules). 

● mRNA Diagnostics: Developing highly sensitive and 

specific mRNA-based diagnostic tests that can be 

performed quickly and right at the point of care. 

4.3.5. Proving It Works: Functional Validation and 

Mechanistic Studies 

While high-throughput screens can point us to potential 

biomarkers, rigorous functional validation is essential to 

truly understand their role in pancreatic cancer. This 

involves carefully designed experiments using cells in the 

lab (in vitro) and animal models (in vivo) to confirm that 

manipulating the expression of a candidate mRNA 

biomarker directly affects how cancer cells grow, move, 

invade, or respond to drugs. These deeper mechanistic 

insights are absolutely crucial for developing truly targeted 

therapies that precisely interfere with the critical 

pathways driving the cancer. 

CONCLUSIONS 

A Future Illuminated by mRNA Signatures 

Pancreatic cancer continues to be a formidable clinical 

challenge, urgently demanding innovative strategies to 

improve patient outcomes. Our comprehensive 

exploration of mRNA expression profiles has emerged as a 

powerful and indispensable approach in this vital quest for 

new biomarkers. This review highlights the profound 

insights we've gained from transcriptomic studies, 

particularly the identification of key differentially expressed 

genes like TFF1 and LAMC2. These genes play pivotal roles 

in the development and progression of tumor cells, involved 

in critical processes such as cell proliferation, programmed 

cell death, cell migration, and invasion. Their dysregulation 

within cancer-related pathways firmly establishes their 

potential as both diagnostic indicators and compelling 

targets for new therapies. 

Our strategic investigation into mRNA-based biomarkers 

extends far beyond simply identifying them. It encompasses 

the exciting potential to revolutionize early detection, refine 

how we predict disease progression, and, most significantly, 

empower us to develop highly specific targeted therapies. 

The ability to precisely characterize the unique molecular 

weaknesses of individual tumors through their mRNA 

signatures allows us to embrace precision oncology, moving 

away from generalized treatments toward interventions 

tailored for each patient. Furthermore, the burgeoning field 

of mRNA-based therapeutics, including personalized mRNA 

vaccines, represents a cutting-edge frontier that directly 

leverages these transcriptomic insights to unleash powerful 

anti-tumor immune responses. 

While we've made significant strides, the journey from a 

promising biomarker discovery to widespread clinical use is 

complex. We must systematically address challenges such as 

the inherent diversity of tumors, the technical complexities 

of liquid biopsies, and the stringent requirements for robust 

clinical validation. Nevertheless, the future of pancreatic 

cancer management is increasingly intertwined with 

advanced molecular profiling. The powerful synergy of 

integrating different types of "omics" data, the 

transformative capabilities of artificial intelligence and 

machine learning in analyzing vast datasets, and continuous 

innovations in liquid biopsy technologies all promise to 

accelerate the translation of these research findings into 

tangible clinical advancements. 

Ultimately, a collaborative, multidisciplinary approach 

involving dedicated researchers, visionary clinicians, and 

innovative pharmaceutical industries is absolutely 

paramount to bridge the gap between scientific discovery 

and real-world clinical impact. By relentlessly pursuing a 

deeper understanding of the mRNA landscape in pancreatic 

cancer, we can pave the way for more effective, 

personalized, and gentler therapeutic options. These 

innovations are not just academic pursuits; they are critical 

for easing the global burden of pancreatic cancer, offering 

the tangible prospect of significantly improved patient 

survival rates and a better quality of life worldwide. The 

promise of mRNA-based precision oncology for pancreatic 

cancer is not just a distant hope, but an increasingly 

attainable reality, poised to transform the lives of countless 

patients. 
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