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ABSTRACT 
 
One of the critical aspects of oncology research is the identification of reliable early-and-easily-detectable 
biomarkers, especially when it comes to the most aggressive forms of cancer. Indeed, earlier detection 
facilitates treatment effectiveness and ultimately, improves overall survival of patients. To address this 
challenge, researchers have been exploring novel approaches such as using exosomal micro-RNAs instead 
of protein markers. Exosomal micro-RNAs appear as ideal markers because of their expression patterns 
unique to tumor development, and because of their availability, stability, and readability in biofluids 
(including blood). Ongoing research focuses on uncovering the detailed functions of exosomes, that to date, 
remain rather poorly understood, as well as identifying the best micro-RNA candidates to implement new 
cancer screening strategies. This review proposes a state-of-the-art of the genesis and function of exosomal 
micro-RNAs; and discusses recent evidence of their utility as diagnostic markers for aggressive cancers, here 
lung and pancreatic cancers. 
 

GRAPHICAL ABSTRACT 
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I. INTRODUCTION 
 
Cancer is defined by an uncontrolled ‘malignant’ proliferation of cells in tissues that, together, form a tumor 
that ceases to cooperate with the rest of the body and develops its own survival mechanisms. This results 
from an accumulation of mutations that allow cells to abnormally multiply without being refrained by 
apoptosis checkpoints. Tumor emergence triggers numerous changes in the host body. As a consequence, 
tumor cells display distinct characteristics that can be used as valuable markers for cancer detection, 
identification and prognosis. Furthermore, non-tumor ‘healthy’ tissues can also change their expression of 
certain molecules in response to tumor emergence, therefore extending the panel of available markers. 
According to Pardini et al., oncogenic diagnostic biomarkers do not only depend on their nature, that is the 
type of molecule identified as markers (1). Equally important aspects to take into consideration are the 
changes in markers’ expression levels (up- or downregulation) and the location in patient tissues, compared 
to healthy subjects. To date, the vast majority of cancers are detected using protein biomarkers, with the 
conventional procedure being a biopsy of the suspected tumor tissue. However, this strategy holds 
numerous drawbacks. Firstly, this is an invasive and painful procedure that cannot be always achieved: 
certain organs are not accessible, and the area for the procedure cannot be determined if there is no 
particular suspicion about tumor location (2). Secondly, most of the known reliable markers tend to appear 
in advanced stages of the disease. This is a massive limitation when it comes to the most aggressive cancer 
types, which have faster proliferation and higher metastasis dissemination rate. Both of these traits actively 
contribute to poor prognosis and survival rate, and early detection stands as the major stakeholder to 
reduce cancer mortality. To address these issues, researchers have put effort into (i) developing more 
patient-friendly screening strategies based on biofluids, with a focus on blood; (ii) identifying reliable 
oncogenic markers readily detectable at a primary stage in these fluids (1). Simultaneously, non-protein 
molecules, mainly RNAs, have shown promising potency as diagnosis and prognosis markers for numerous 
cancers. The current evidence indicates unusual expressions of short non-coding RNA strands, named 
micro-RNAs (miRNAs), in patients’ tumor tissues and biofluids (2,3). Notably, miRNAs stability in 
bloodstream is ensured by extracellular vesicles like exosomes. 
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The driving interest for exo-miRNAs is relatively new. Current research focuses on uncovering their 
functions in tumor development and on establishing stable exo-miRNA markers for cancer early detection 
and identification. This review provides a synthetic state-of-the-art regarding the biology of miRNAs and 
exosomes in cancer, and discusses recent evidence supporting blood-found exo-miRNAs as reliable markers 
for early detection of two aggressive cancer types. This is not an exhaustive review - research on the topic 
is far too vast and fast-paced - but rather a subjective overview that provides insight for curious students/ 
scholars that wish to dive in the field. 
 

II. BIOLOGY OF EXOSOMAL MICRO-RNAS 
 

MiRNAs 
 
Micro-RNAs were identified for the first time in 1993 in C. Elegans, and their presence in other animals was 
rapidly confirmed (4). They belong to the very large family of short non-coding RNAs, that corresponds to 
the vast majority of RNAs encoded in mammalian genes. Among non-coding RNAs, miRNAs are the species 
that attract the most attention due to their function in tissues (2,4). MiRNAs are 21-25-nucleotide-long 
strands partially complementary to mRNAs, which allows them to bind target-mRNAs to inhibit their 
functions. Certain miRNAs have also been suggested to bind receptors like TLRs (5,6). There are thousands 
of miRNAs expressed for every possible situation, and the detailed functions of most miRNAs are still 
uncharted. Yet, it is widely accepted that miRNAs have a major post-transcriptional regulatory function in 
cell biology, which allows them to control development, metabolism, differentiation, proliferation, or 
apoptosis (4,5). Their role is extended in the context of disease biology, where they can undergo aberrant 
expression patterns for promoting or addressing disease progression. The scope of action of miRNAs goes 
far beyond their cells of origin, affecting surrounding and distant cells. Their ubiquitous presence in every 
tissue, including biofluids, reinforces the consensus that they are key effectors of cell-to-cell communication 
(4,5,7). However, RNA is a fragile molecule that is supposedly poorly resistant outside cells. Notably, the 
strong presence of RNase (an enzyme which degrades RNA) in the bloodstream should drastically impede 
miRNAs stability in this fluid. So, how can miRNAs remain stable in the blood?  
 
Numerous studies propose two major mechanisms that allow miRNAs to safely circulate until they reach 
their targets: molecule association (e.g. RNA-lipoprotein complex); and vesicle-encapsulation, more 
specifically encapsulation by exosomes (2,5). 
 

Exosomes 
 
Exosomes are extracellular vesicles (EVs) 60-140nm in diameter of endosomal origin. Unlike ectosomes 
(50nm-1µm in diameter) that result from an outward budding, exosomes emerge from a double 
invagination of plasma membrane: primary invagination into the intracellular space forms multivesicular 
bodies (MVBs), that contain smaller vesicles (future exosomes) issued from secondary invagination of MVBs 
(6). Exosomes contain multiple molecules such as proteins (including proteases), DNA, miRNAs, other non-
coding RNAs, and metabolites. The details of miRNA incorporation into exosomes are not fully understood, 
but it is suspected that miRNAs undergo some maturation process as exosomes are maturing in the 
cytoplasm (5). Interestingly, the content of exosomes reflects the unique biology and environment of their 
cells of origin, which is a particularly advantageous feature in the context of disease biology (5,6,8). Once 
MVBs and exosomes are formed, MVBs can either fuse with lysosomes to be degraded, or fuse with plasma 
membrane, therefore releasing exosomes into the extracellular space for circulation. This indicates two 
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functions for exosomes: degrading/ recycling relevant molecules for metabolic functions; and mediating 
communication from cells-of-origin to recipient cells. Indeed, exosomes appear as the ideal shuttle for 
material exchange between cells, conducting selective autocrine (to surrounding cells of the same type), 
paracrine (to surrounding cells of different type), and endocrine communication (via entering the 
bloodstream) (5,6,9). Falcone et al. report both receptor-ligand mechanisms (clathrin/caveolae-mediated 
endocytosis) as well as membrane-fusion-based pathways for exosomes uptake by recipient cells (5). Both 
mechanisms are plausible because exosomes feature multiple adhesion and receptor proteins on their 
surface (e.g. integrins), and their envelope is derived from plasma membrane. Once the cargo is delivered 
into the cytosol, miRNAs can perform their functions onto recipient cells. 
 

Hallmark functions of exo-miRNAs 
 
The current evidence indicates that the majority of exo-miRNAs are specifically dispatched into recipient 
cells, suggesting they have a precise role to play in both health and disease biology (5,6). This has also been 
observed in cancer, with tumor cells particularly appreciating exosome-mediated communication. Fig. 1 
summarizes the biogenesis, transportation and main functions of tumor-derived exo-miRNAs to recipient 
cells. 
 

 
Fig. 1: Synthesis, shuttling and major functions of tumor-derived exo-miRNAs. Based on Kalluri & LeBleu, 2020 (6); Falcone 
et al., 2015 (5). MiRNA: micro-RNA; MVB: multivesicular body. Made with Biorender.com. 

 
In oncology, researchers present exo-miRNAs as indirect regulators of gene expression in distant cells, 
which resembles miRNAs’ traditional role. Hallmark functions of tumor-derived exo-miRNAs include 
promoting angiogenesis, cell migration, metastasis dissemination and inflammation, which are 
unsurprisingly key functions for tumor progression (5,6). However, researchers suspect miRNAs to have a 
dual role depending on their type and expression, being able to mediate tumorigenesis (acting as 
‘oncomiRs’) or contributing to anti-tumor activities (2,5). This ability of miRNAs could be particularly 
interesting in the context of diagnosis: combining tumor-derived miRNAs with other miRNAs produced in 
response to tumor progression could improve the reliability of miRNA-based screening strategies.  
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Exo-miRNAs relevance in cancer diagnosis 
 
As research on exo-miRNAs progresses, scientists have noticed their tremendous potential as biomarkers 
for detecting primary-stage cancer. Exo-miRNAs have numerous advantages: they are highly expressed and 
stable outside tumor tissues, and their aberrant and specific expression patterns offer dynamic insight into 
tumor heterogeneity. 
 
Mitchell et al. were the first to isolate miRNAs from plasma samples from controls and cancer patients, and 
to report their stability and ubiquity in non-solid tissues (here blood) (9). Later on, the use of RNAseq and 
qRT-PCR methods confirmed exo-miRNAs stability in fluids, and extended their resistance to degradation 
to even extreme ex vivo conditions (2,5,7). This is definitely a valuable trait for facilitating easy cancer 
screening analyses. Recently, Happel et al. has referenced 34 clinical trials on whole blood, plasma and 
serum miRNAs, which represents 75% of the listed clinical trials on possible oncological miRNA markers 
found in biofluids (2). All this evidence clearly demonstrates the increasing, reliable aspirations of 
researchers regarding blood exo-miRNAs and liquid-biopsy-based screening strategies for cancer. 
Researchers expect to develop highly specific assays for miRNAs more easily than for proteins, even though 
there are currently some limitations regarding the methods of detection of exo-miRNAs, notably because 
of the lack of precise methods for discriminating exosomes from other extracellular vesicles (2,10). In my 
opinion, more in-depth studies that assess the stability of exo-miRNAs only could bring clearer and more 
valuable insight to discriminate irrelevant types of markers. Nevertheless, there seems to be a global 
consensus among researchers in oncology that puts exosomes as the favored, superior protection for 
miRNAs, notably because of their significant role in cell-to-cell molecule exchange (5,6,9).  
 
Exosome-mediated miRNA exchange is an appreciated mechanism of tumor cells, regardless of their 
location. There is a clear selectiveness of the encapsulated miRNAs in tumor cells, even in the primary 
stages: not every miRNA is “worth” being shuttled to other tissues (5,8,10). This most likely depends on the 
importance of their functions for promoting tumor progression (e.g. corruption of surrounding cells, 
extravasation or tumor-microenvironment modification). Furthermore, there is strong evidence that 
supports significant dysregulations in exo-miRNA expression in the context of tumor establishment (2,3,9). 
These changes can be up- or downregulations of a selected range of miRNAs. It is very important to 
understand that the subtle, yet strong biomarker potency of miRNAs lies in the significance of these 
alterations, and not in the synthesis of brand-new strands. Then, one might wonder how exactly can 
miRNAs dysregulations can help classify cancer subtypes, especially if samples are taken from blood?  
  
Researchers support the use of multiple (rather than individual) strands as one marker, one ‘signature’, to 
identify a particular cancer type (2,6). Within each signature, we can distinguish two types of miRNAs: the 
strands indicating general tumoral activity, and the strands that are specific to origin tissues. Currently, the 
major challenge in the field is to select the most relevant miRNAs in order to build robust signatures for 
cancer detection. This is an extremely demanding enterprise because of the almost unlimited scope of the 
field (about 200,000 miRNA candidates, dozens of cancer subtypes to classify) associated with divergent 
strategies for sample analysis. 
 
  



 6 

III. EXO-MICRO-RNAS MARKERS FOR AGGRESSIVE CANCERS 
 
Aggressive cancers are usually defined by their superior invasiveness, meaning primary tumors are able to 
proliferate/ disseminate at a tremendously fast pace, leaving little to no time to treatments to address the 
disease. In these conditions, rapid diagnosis in the earliest stages becomes all the more critical for improving 
patients’ life expectancy and long-term survival. Consequently, research for exo-miRNA markers in the 
blood has been somewhat shaped by studies on certain tumor subtypes, including non-small-cell lung 
carcinoma (NSCLC) and pancreatic adenocarcinoma (PC), two of the most aggressive subtypes (11). 
However, one has to keep in mind that all studies addressing tumor-derived exo-miRNAs (for aggressive 
and less-aggressive forms) pave the way for building robust signatures. Indeed, some miRNAs are being 
dysregulated in order to mediate generic tumor establishment and dissemination.  
 

General findings 
 
To date, miR-21 is undoubtedly the most extensively studied. MiR-21 promotes cell migration and 
malignant transformation by interfering with the transcripts of the programmed-cell-death-4 gene (5,12). 
It plays the role of an oncomiR and, therefore, is extremely important for any tumor establishment. 
Numerous studies have demonstrated a significant upregulation of miR-21 in tumor tissues and in the blood 
of patients suffering from breast, esophageal, lymphoma, lung or pancreatic cancers (5,10,13,14). This 
characteristic upregulation has been proposed as a marker for the diagnosis of primary tumor 
establishment, but also as a prognosis marker. Using a tumor-bearing mouse model for NSCLC, Munagala 
et al. have observed that the highest levels of exo-miR-21 correlate with higher aggressivity and shorter 
lifespan (13). Goto et al. have come to similar conclusions with their study on exo-miR-21 expression 
patterns in the serum of PC patients (14). This is extremely strong evidence for supporting exo-miR-21 as a 
systematic marker for fast-paced tumoral activity.  
 
MiR-155 is another commonly dysregulated miRNA in multiple cancer phenotypes. Current research 
suggests that exo-miR-155 over-expression induces cell reprograming, as well as the recruitment of immune 
cells that mediate inflammation, which facilitates tumorigenesis (6). Like for miR-21, miR-155 has been 
suggested as a marker for primary-stage diagnosis and for prognosis, notably for NSCLC and PC (13,15). 
However, its presence in the form of exo-miRNA (and not protein-associated) in the blood has been 
confirmed for lung cancer, but not yet for PC. Therefore, future studies should focus on uncovering this 
aspect, in order to precise the diagnostic efficacy of the exosomal form of miR-155 for aggressive cancers. 
 
Research has shown that the upregulation of exo-miR-21/155 in the bloodstream are extremely helpful for 
easily detecting tumoral activity, and even for assessing their aggressiveness. Most of studies address at 
least one of these candidates when attempting to identify signatures for multiple cancers (2,5). The main 
shortcoming of these markers is that they cannot single-handedly provide specific information about tumor 
subtype or location. Therefore, combining exo-miR-21/155 to other tumor-derived exo-miRNAs that are 
more specific – more indicative of type and location of origin tissues - appears as an elegant strategy to 
design signatures for identifying particular cancer subtypes. Table 1 recapitulates the major exo-miRNA 
candidates for multiple cancer detection, as well some promising specific signatures for primary detection 
of NSCLC and PC. 
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Exo-miRNA Location 
(in blood) 

Up/ downregulation Cancer References 

Individual miRNA markers 

Exo-miR-21 Serum 
Plasma 

Up Multiple (13,14,16) 

Exo-miR-155 Serum 
Plasma 

Up Multiple (6,13,17) 

Exo-miR-126 Serum 
Plasma 

Up NSCLC (18,19) 

Signatures (multiple miRNAs for one marker) 

Exo-miR-181, exo-miR-30, 
exo-miR-361 

 
 

 
 

Plasma 

Up, down, up 
 
 
 

NSCLC 
adenocarcinoma 

 
 

 
 

(16) 

Exo-miR-10, exo-miR-15, exo-
miR-320 

Plasma Down, down, up NSCLC SCC (16) 

Exo-miR-1246, exo-miR-4644, 
exo-miR-3976, exo-miR-4306 

Serum Up, up, up, up PC (17) 

Exo-miR-191, exo-miR-451 Serum Up, up PC (14) 

 
Table 1: Principal exosomal micro-RNA biomarkers for primary cancer diagnosis with blood liquid biopsy. The references 
were selected for their exhaustive insight about the markers concerned. Notably, readers will be able to find numerous other 
manuscripts for miR-21 and miR-155, as they have been extensively studied in a wide range of cancers. NSCLC: non-small cell 
lung carcinoma; SCC: squamous cell carcinoma; PC: pancreatic adenocarcinoma. 
 

Lung cancer (NSCLC) 
 
Lung cancer is the most lethal cancer worldwide, and NSCLC represents the majority of its cases (11). 
Therefore, it is urgent to find valid exo-miRNA markers for improving diagnosis efficacy, and ultimately, 
survival. In 2017, Grimolizzi et al. have discovered a critical enrichment of exo-miR-126 in the serum of 
NSCLC patients, compared to control group (18). Their findings show a shift in miR-126 biodistribution in 
serum: healthy individuals displayed equivalent levels of ‘free’ miR-126 and exo-miR-126; while in the 
serum of primary and advanced NSCLC patients, miR-126 was almost exclusively present in exosomal form. 
Their hypothesis is that tumor cells use exosomes to selectively mediate miR-126 to their environment to 
promote tumor establishment (miR-126 promotes angiogenesis and proliferation in lung endothelial cells, 
specifically). According to these results, exo-miR-126, when compared with global levels of miR-126 in 
serum, is a promising marker for detecting and identifying NSCLC with liquid-biopsy. In my opinion, it could 
easily be incorporated to exo-miRNA signatures for NSCLC.  
 
A study conducted by Jin et al. has identified two signatures of exo-miRNAs (available in plasma) for NSCLC 
diagnosis (16). Furthermore, the study goes one step further because these signatures allow to distinguish 
adenocarcinoma from squamous cell carcinoma in NSCLC patients. These are promising findings that could 
harmonize with the dynamic research in precision therapy for cancer (treatment strategies based on 
individual or very specific tumor features). However, Jin et al. indicate their results need to be reciprocated 
with larger pools of patients (in order to gain reproducibility) before implementing the signatures on the 
clinical field. The limited pool of experimental subjects is a very common issue in oncogenic exo-miRNA 
marker research, which could probably be partly addressed with a more systematic use of animal models 
(pre-clinical research). 
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Pancreatic cancer (PC) 
 
PC is infamous for its extremely fast progression and late diagnosis, contributing to a dismal overall survival 
of patients (11). Reliable screening markers are severely missing, and therefore, miRNAs offer promising 
perspectives for tackling this issue (17,20). The study conducted by Schultz et al. laid the foundations in the 
field by identifying two signatures based on an extremely large cohort of patients and a robust methodology 
(20). Yet, they did not assess whether their miRNA candidates were strictly encapsulated in exosomes and 
instead, referred to them as ‘circulating’. This is an important point because even nowadays, studies do not 
always clarify the term, which can either refer to all miRNAs present in blood (exo- or not), or, on the 
contrary, be used to discriminate exo-miRNAs from protein-associated and free miRNAs. This can be 
confusing for newcomers as well as for fellow researchers, possibly leading to misconceptions in the field. 
In my opinion, future studies should consistently define the term and assess whether candidates are 
contained inside exosomes, despite that exo-miRNAs have been shown to be more stable than other 
circulating miRNAs, including in the context of PC and other forms of cancer (5,17). Nevertheless, since 
then, several research teams have identified exo-miRNA-only signatures for PC, readily available in blood. 
For example, Goto et al. have established that the upregulation of exo-miR-21, exo-miR-191 and exo-miR-
451 is a more reliable marker for primary PC than the conventional protein marker CA19-9, which seems 
more indicative of an advanced stage (14). Research for PC exo-miRNA markers reflects the general state 
of the field: the main shortcoming is that research teams seem to be working individually on identifying 
countless dysregulated exo-miRNAs in cancer. In my opinion, the field would benefit more of cooperative 
detailed investigations on the role and reliability of the candidates that have been already proposed. 
 

IV. CONCLUSION 
 
Exo-miRNAs reflects the ongoing diversification of research for oncogenic markers. They stand out as one 
of the most promising approaches due to (i) their stability and ubiquity in blood, which pairs with the 
simultaneous development of liquid-biopsies, and (ii) their trademarks for mediating tumor establishment 
and dissemination. Currently, the most reliable (and most extensively studied) exo-miRNA markers for 
tumor activity are found in multiple cancer types and seem to be non-specific of their origin tissues.  
Intensive efforts are made in order to identify more specific signatures for the most aggressive cancers, 
which further highlight the interest researchers have taken into the topic. However, the limited 
understanding of exo-miRNA biology, the variety of methodologies used for exosome extraction/ 
identification, and the relatively small patient cohorts makes research on the topic extremely challenging. 
Standardized methodologies and increased cooperation between fellow researchers should definitely 
overcome these challenges. Nevertheless, exo-miRNA markers remain the favorite candidates to remodel 
cancer screening strategies into faster and more patient-friendly check-ups. Moreover, it is only a matter 
of time before the details of their functions in cancer biology are deciphered; and this should lay new 
foundations for precision medicine, another very dynamic field of oncology research. 
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