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Summary 
Cancer belongs to multifactorial diseases characterized by 
uncontrolled growth and proliferation of abnormal cells. Breast 
cancer, non-small cell lung cancer, and colorectal cancer are the 
most frequently diagnosed malignancies with a high mortality 
rate. These carcinomas typically contain multiple genetically 
distinct subpopulations of tumor cells leading to tumor 
heterogeneity, which promotes the aggressiveness of the 
disease. Early diagnosis is necessary to increase patient 
progression-free survival. Particularly, miRNAs present in 
exosomes derived from tumors represent potential biomarkers 
suitable for early cancer diagnosis. Identification of miRNAs by 
liquid biopsy enables a personalized approach with the 
subsequent better clinical management of patients. This review 
article highlights the potential of circulating exosomal miRNAs in 
early breast, non-small cell lung, and colorectal cancer diagnosis.  
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Introduction 
 

Cancer is the second most common cause of 
death worldwide. In 2020, 2.7 million people were 

diagnosed with cancer and another 1.3 million people 
died in the European Union. Lung, prostate, colorectal, 
stomach, and liver cancers are the most common cancers 
in men, while breast, colorectal, lung, cervical, and 
thyroid cancer are the most prevalent among women [1]. 

Cancer is a multifactorial, systemic, genetic 
disease - that means it is caused by changes in genes 
involved in cell growth, cell division, proliferation, 
migration, differentiation, etc. Each cancer cell contains  
a unique combination of genetic changes. As a tumor 
grows, additional genetic changes are formed, which are 
responsible for the tumor multiclonality with a diverse 
spectrum of unique gene or genomic alterations. 
Epigenetic mechanisms are essential for appropriate and 
functional regulation of gene expression. Dysregulation 
of epigenetic processes can lead to altered gene function 
and subsequent malignant transformation of cells. Several 
mechanisms are involved in epigenetic regulation such as 
DNA methylation, histone modifications, nucleosome 
positioning, non-coding RNA molecules, and expression 
of specific microRNAs [2]. 

In addition to numerous genetic alterations, 
human cancer cells also acquire epigenetic abnormalities. 
These genetic and epigenetic changes interact at all stages 
of cancer development. Moreover, recent studies suggest 
that epigenetic regulation may be essential for the origin 



S194   Lohajová Behulová et al.  Vol. 72 
 
 
and development of some tumors. Epigenetic alterations, 
unlike genetic mutations, are potentially reversible and 
can be restored to a normal state by several mechanisms 
[3]. Epigenetic regulation becomes a promising 
diagnostic and therapeutic biomarker for emerging 
epigenetic therapies. 

Personalized medicine, through a broad and 
early approach to biomarker testing, has the potential to 
improve cancer patient healthcare.   

 
Personalized medicine 
 

The term personalized medicine first appeared in 
1999 in The Wall Street Journal in an article titled: ‘New 
Era of Personalized Medicine: Targeting Drugs for Each 
Unique Genetic Profile.’ For more than 20 years, the 
opportunity of personalized medicine has arisen from 
technical innovations in genetics, proteomics, and other 
"omics" fields challenging the paradigm of evidence-
based medicine and its concept of gold standards in 
diagnosis and treatment. In 2015 conclusions of 
personalized medicine, the Council of the European 
Union stated that although there is no broad consensus on 
the definition of the term ‘personalized medicine’, it is 
widely understood as a medical model using the 
characterization of phenotypes and genotypes to tailor the 
right diagnostic and therapeutic strategy for the right 
person at the right time [4]. 

Personalized medicine in clinical oncology 
refers to the application of the molecular characteristics 
of the tumor and its microenvironment together with 
other information about the patient’s medical condition to 
design and provide customized medical therapy that is 
more effective and less toxic than conventional 
treatments [5].  

Biomarker identification is considered as the 
most important aspect of personalized medicine in 
clinical oncology. The standard diagnosis of most types 
of solid tumors is by a combination of imaging methods 
followed by a biopsy to confirm the diagnosis. Different 
types of biomarkers are distinguished in clinical practice 
according to their predictive value. While prognostic 
markers indicate the possible development of the disease, 
pharmacological markers indicate the treatment efficacy. 
Predictive markers are used to estimate the patient's 
prognosis for the chosen treatment. Each of these 
biomarkers is relevant at different stages of the disease 
[6]. The ideal biomarker must meet certain criteria. First, 
the biomarker must be easily and repeatedly available in 

biological material and measurable by a non-invasive 
method. Another important requirement is its specificity 
and sensitivity to the pathology. Ideal biomarker should 
be also detectable before the first onset of clinical 
symptoms and its levels in biological material should 
display dynamics depending on the progression of the 
disease and/or the patient's response to treatment [7]. 

 
Extracellular vesicles 
 

Extracellular vesicles (EVs) represent a highly 
heterogeneous group of phospholipid membrane-bound 
structures produced by body cells that are released into 
the extracellular space. They are important mediators in 
both local and systemic intercellular communication. 
Based on their biogenesis, extracellular vesicles are 
generally divided into apoptotic bodies (50-5000 nm), 
microvesicles (50-1000 nm) and exosomes (30-200 nm). 
Unlike microvesicles, which are generated by direct 
budding of the plasma membrane, exosomes are formed 
by invagination of the endosome membrane and are 
released by fusion of the multivesicular bodies and the 
plasma membrane. Compared to microvesicles, exosome 
biosynthesis is a highly specific and regulated process 
[8]. However, it is important to emphasize that particular 
subpopulations of EVs may be formed by different 
biogenesis pathways. The EVs size within the primary 
classification also varies widely, making their 
standardized classification very challenging. Establishing 
a comprehensive characterization of EVs is highly 
demanded. The International Society for Extracellular 
Vesicles (ISEV), which comprises nearly 2,000 resear-
chers and scientists involved in the study of 
extracellularly secreted vesicles, make an effort in a field 
of EVs more accurate and specific nomenclature [9].  

Exosomes are actively secreted by many cell 
types such as erythrocytes, dendritic cells, epithelial and 
endothelial cells, nerve cells, mesenchymal stem cells as 
well as tumor cells [10]. Exosomes are present in most 
biological fluids including blood, synovial fluid, pleural 
fluid, saliva, urine, bronchoalveolar lavage fluid, 
amniotic fluid, and breast milk [11]. 

Enriched with biologically active molecules such 
as cytoplasmic proteins, lipids, cellular metabolites as 
well as nucleic acids, including dsDNA and small non-
coding RNAs (miRNAs, circRNAs, lncRNAs), exosomes 
deliver biological information in intra- and intercellular 
communication [12]. Exosomes released by cells inherit 
the content and function of parental cells. Transfer of 
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biomolecules from parental to recipient cells may 
contribute to many pathophysiological processes. 
Exosomes produced by cancer cells play a fundamental 
role in oncogenesis and cancer progression [13]. 
Exosome-mediated exchange of biological material and 
signals affects diverse tumor cell functions, promotes 
angiogenesis and tumor invasion, inhibits host anti-tumor 
responses, and mediates immune evasion and treatment 
resistance [14,15]. In tumor microenvironment, tumor as 
well as normal stromal cells may generate exosomes that 
modulate malignant behavior and tumor cell responses to 
stress conditions [16]. Moreover, tumor cells can promote 
an immunosuppressive environment in situ or create  
a pre-metastatic environment in the metastatic niches of 
distal organs through exosome release [17].  

Tumor-derived exosomes contain cargo related 
to cell pathophysiological state and actual changes in 
signaling pathways. These properties make them potential 
biomarkers suitable for early cancer diagnosis, disease 
progression, detection of highly metastatic tumor cell 
activity, and monitoring patient treatment response 
contributing to the personalized medical approaches. 
Secretion of exosomes into the bloodstream reflects 
cellular activity, which is increased in cancer patients. 
Higher exosome amount corresponds to the activity of 
oncological process, which makes exosome more 
accessible and informative biomarker in diagnosis 
[18,19]. Not only the quantity of exosomes, but also their 
cargo content, especially proteins, miRNAs and 
lncRNAs, are important in cancer diagnosis. 

Liquid biopsy is a minimally invasive approach 
to collect biological material, usually body fluids, to 
detect molecular changes of tumor cells and their 
metabolites. Liquid biopsy is currently gaining significant 
attention in clinical management, including diagnosis and 
disease monitoring, since it is much more accessible than 

tumor tissue samples and allows collecting of biological 
material repeatedly. This may contribute to earlier 
detection of disease and relapses, systemic dissemination 
and resistance to treatment. Therefore, liquid biopsy 
followed by molecular-biology analysis of the exosomal 
cargos reflecting tumor heterogeneity seems to be  
a promising approach in cancer medicine [20]. 

Recently, especially exosomal miRNAs are 
gaining attention in oncology since they influence tumor 
growth and are involved in various processes of 
tumorigenesis [21]. MiRNAs are small, 20-22 nucleotides 
long, highly conserved, non-coding RNA molecules that 
regulate gene expression at the transcriptional, post-
transcriptional and post-translational levels. MiRNAs 
also work as secreted molecules that trigger a receptor-
mediated response in a different cell or tissue through 
autocrine and paracrine signaling mechanisms. They can 
be released into the extracellular environment within 
exosomes that are present in many body fluids. In this 
way, their mode of action can be compared to hormones 
[22]. It is well-known that miRNAs regulate malignant 
cell transformation at all levels, and their aberrant 
expression in different tumor types can have oncogenic 
(oncomiRNAs) or suppressor (tumor-suppressor 
miRNAs) effects (Figure 1) [23]. The same miRNAs may 
have oncogenic potential in one cell type while being  
a tumor-suppressor in another [24]. In human cells, about 
60 % of interactions between miRNAs and target mRNA 
sequences are non-canonical, meaning that their 
sequences are not always fully complementary. 
Therefore, a particular miRNA can regulate numerous 
mRNAs, and at the same time, a specific mRNA can 
contain multiple binding sites for different miRNAs [25]. 
Since dysregulated miRNA levels have been described in 
many malignancies and tumor-derived exosomes reflect 
the miRNA expression in original tumor cells, tumor-

 
 

 
 

Fig. 1. Different functions of miRNAs in oncogenesis 
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associated exosomal miRNAs can be used as blood 
biomarkers suitable for personalized cancer diagnosis and 
treatment [26]. As a biomarker, exosomal miRNAs have 
other advantages, including relative stability and 
inaccessibility to RNases due to the protection of 
extracellular vesicles. Their analysis by qPCR methods is 
relatively inexpensive and rapid. For example, highly 
oncogenic miR-21 appears to be one of the potential 
biomarkers, as several studies have observed increased 
levels of exosomal miR-21 in various malignancies, 
including breast cancer (BC), colorectal cancer (CRC), 
and non-small cell lung cancer (NSCLC) [27].  
These three malignancies accounted for up to 33 % of  
all newly diagnosed cancers worldwide according to  
the 2020 GLOBOCAN study. Slightly higher prevalence 
was observed in Slovakia (37 %) and Czech Republic 
(34 %) [28]. 
 
Breast cancer 
 

Breast cancer (BC) is the most commonly 
occurring cancer in women and the most common cancer 
overall. There were more than 2.26 million new cases of 
breast cancer in women in 2020 [28]. Most breast cancers 
represent sporadic cases, only 10-15 % are caused by 
germline mutations in genes associated with hereditary 
forms of BC such as BRCA1/2, CHEK2, PALB2, PTEN, 
STK11, TP53 etc. [29].  

Breast cancer is a highly heterogeneous disease 
with specific clinical, histological and molecular features. 
According to activation of hormone estrogen (ER) and 
progesterone (PgR) receptors and human epidermal 
growth factor receptor 2 (HER2), breast cancer can be 
divided into subtypes: luminal type A-like (ER and PgR 
positive, HER2 negative tumors), luminal type B-like 
(ER and PgR positive, HER2 positive or negative 
tumors), HER2-positive (ER and PgR negative, HER2 
positive tumors) and basal-like (triple-negative tumors) 
[30]. This classification is useful for selection of targeted 
therapies, as each BC subtype is characterized by  
a different ability to proliferate and form metastases [31]. 
Despite new insights into molecular subtypes and 
improvements in therapy of BC patients, metastatic breast 
cancer is one of the most common causes of cancer-
related death [32]. Currently, miRNA analysis represents 
a potential biomarker in the diagnosis and clinical 
management of breast cancer patients. 

A key role of miRNAs in the regulation and/or 
dysregulation of gene expression leading to the 
development of breast cancer have been demonstrated. 

The expression of specific genes can be dysregulated in 
both primary tumor and metastatic cells. The first studies 
describing potential involvement of miRNAs in the 
pathogenesis of BC were published in 2005 [33,34].  
A study done by Cookson et al. [35] was among first 
investigating the association of specific miRNAs with  
BC development and progression, suggesting that 
dysregulated plasma levels of specific miRNAs may 
reflect the presence of a solid tumor. Therefore, the first 
efforts to use miRNAs were focused on early detection of 
the disease.  

Three plasma exosomal miRNAs (miR-16,  
miR-30b and miR-93) are dysregulated in BC patients, 
especially miR-16 represented a reliable biomarker 
candidate for BC diagnosis [36]. In a comprehensive 
study, Li et al. identified two exosomal miRNA 
diagnostic panels to distinguish between BC patients and 
healthy controls. The first one comprises four plasma 
miRNAs (miR-106a-3p, miR-106a-5p, miR-20b-5p, and 
miR-92a-2-5p) and the second included four serum 
miRNAs (miR-106a-5p, miR-19b-3p, miR-20b-5p, and 
miR-92a-3p). The Receiver Operating Characteristic 
(ROC) correlation result, which is powerful statistical 
tool to evaluate the biomarker diagnostic accuracy to 
distinguish patients from healthy individuals, was 0.858 
for the plasma panel and 0.949 for the serum panel. These 
results supports the use of both miRNA panels as  
a promising biomarker in BC early detection [37].  

The clinical potential of miRNAs is not only in 
the early identification of breast cancer, but also in 
determination of different stages of the disease and their 
expression pattern can correlate with staging. In BC early 
stages patients, miR-425 [38], miR-182 [39], miR‑223 
[40], miR-155 [41], miR-1246 and miR-21 [42] were 
significantly dysregulated. In particular, oncogenic  
miR-21 and miR-155 have recently been of high interest 
in various applied studies targeting cancer patients. 
Among miRNAs with dysregulated expression in breast 
cancer, miR-155 and miR-21 showed significantly 
elevated levels in the plasma of BC patients, and meta-
analyses confirmed a correlation between increased 
expression of these biomolecules and detection of early 
stages of disease [43-45].  

MiR-21 is a highly oncogenic miRNA that 
functions as an anti-apoptotic factor promoting survival 
of multiple tumor cell types [46]. Consistent 
overexpression of miR-21 in tumor tissue is associated 
with metastatic progression in BC [47,48]. In a study by 
Yuan et al. the role of exosomal miR-21 in bone 
metastasis was confirmed. Significantly higher levels of 



2023  Exosomal miRNA in Cancer Diagnosis   S197  
 

mir-21 were detected in the serum exosomes of BC 
patients with bone metastases compared to those with 
localized disease or with other sites of relapse [49]. MiR-
155 is evolutionary conserved and closely associated with 
the development and progression of various solid tumors, 
such as carcinomas of breast and ovarian, colon or lung 
cancer [50–52]. Elevated levels of exosomal miR-155 are 
associated with metastasis and invasive features of BC. 
Since elevated levels of exosomal miR-21 and 155 have 
also been confirmed in various types of cancer, diagnostic 
potential to detect BC can be improved by their addition 
to the diagnostic panel. Serum exosomal miR-21,  
miR-155 and miR-222 were used to differentiate BC 
patients from healthy controls, and according to miR-21 
level localized BC tumors from cases of distant 
metastasis could be distinguished. This study also found  
a positive correlation between miR-21, BC tumor size 
and disease stage [53]. Early detection of metastatic BC 
can lead to suitable treatment therapy and eventually to 
increased progression free survival of patients. Several 
more exosomal miRNAs have been identified that act as 
activators of metastasis in BC and show diagnostic value, 
including miR-148a [54] miR-411, miR-215, and  
miR-299–5p [55]. 

Criteria for clinical management of BC include 
tumor size, presence of distant metastases, as well as 
hormone ER, PgR and HER2 expression levels. Hormone 
receptor positivity and the estrogen-signalling pathway 
play important roles in BC development, progression, and 
therapeutic response [56]. The luminal subtypes, mainly 
dominated by hormone receptor positive tumors, are one 
of the most common and accounts for approximately 
60 % of all BC tumors [57]. Rodríguez-Martínez et al. 
demonstrated higher miR-222 expression levels in 
luminal B-like compared to luminal A-like tumors. 
Moreover, PgR-negative patients showed a positive 
association with miR-222 expression [53]. Triple-
negative tumors accounts for about 10-15 % of all breast 
cancers. However, this subtype tends to grow and spread 
faster, has fewer treatment options leading to a worse 
prognosis and patient survival rate [58]. The results of 
study by Eichelser et al. demonstrated higher expression 
levels of circulating exosomal miR-373 in Triple-
negative subtype compared to Luminal-like cases. Higher 
expression of miR-373 was also observed in ER-/PgR- 
negative BC compared to hormonal positive tumors. In 
addition, overexpression of miR-373 inhibited apoptosis 
in cell models in vitro, highlighting the association of 
miR-373 with more aggressive BC phenotype [59]. The 
significantly higher levels of plasma exosomal miR-376c 

and miR-382 were shown in Triple-negative patients 
comparing to HER2-positive BC patients. In HER2-
positive patients higher exosomal occurrence of miR-27b 
was observed [60].  

MiRNAs have been identified as key regulators 
involved in the pathogenesis and progression of breast 
cancer. Their dysregulated plasma or serum levels are 
gaining increasing attention as biomarkers suitable for 
early detection of BC, also with regard to specific  
BC subtypes. 

 
Non-small cell lung cancer 
 

Lung cancer is the second most common cancer 
worldwide and the leading cause of cancer mortality, with 
2.2 million new cases and 1.8 million deaths in 2020 
[28]. Smoking is a major risk factor for lung carcinoma 
and is associated with approximately 80 % of all cases 
[61]. The development of lung cancer is a complex 
process influenced by environmental as well as genetic 
risk factors [62].  

There are different types of primary lung cancer. 
Approximately 15 % of cases are classified as small cell 
lung cancer (SCLC) and 85 % are non-small cell lung 
cancer (NSCLC) [63]. NSCLC is further categorized into 
adenocarcinoma (ADC), squamous cell carcinoma (SCC) 
and large cell carcinoma (LCC), based on o the tumor 
origin and the type of cellular pathology observed [64]. 
NSCLC is typically diagnosed at advanced stages and the 
5-year survival rate for patients is only 23.6 %. For 
patients who undergo radical resection at an early stage, 
the 5-year survival rate increases to 40-70 % [65]. Early 
detection of NSCLC significantly reduces the mortality of 
patients. However, the diversity and complexity of this 
disease requires patient-specific diagnostic and 
therapeutic methods. In this regard, particularly miRNAs 
have attracted increasing attention as its dysregulation 
and aberrant expression play a key role in NSCLC 
proliferation, invasion and metastasis [66,67]. 

Many studies have confirmed that exosomal 
miRNAs could be a useful diagnostic marker for early 
detection of NSCLC. Let-7 miRNA is one of the most 
well-known examples. The let-7 miRNA family is 
evolutionary conserved and often present in multiple 
copies in genomes. In humans, the let-7 family consists 
of ten members (let-7a, let-7b, let-7c, let-7d, let-7e, let-7f, 
let-7g, let-7i, miR-98, and miR-202) that are involved in 
the regulation of gene expression of many proto-
oncogenes or oncogenes [68]. Let-7 target genes include 
c-Myc proto-oncogene [69], Signal Transducer and 
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Activator of Transcription 3 (STAT3) [70], Janus kinase 
2 (JAK2) [71], or genes involved in the cell cycle [72]. 
By targeting RAS family, let-7 is involved in control of 
cell proliferation and immune response regulation 
through interleukin-6 and interleukin-10 expression[73]. 
Low level of the let-7 miRNA family is associated with 
metastasis, advanced stages of disease, and poor survival 
of NSCLC patients [74]. MiRNAs of this family were 
used as a part of a diagnostic panel consisting of miR-let-
7b-5p, miR-let-7e-5p, miR-23a-3p and miR-486-5p 
suitable to differentiate stage I NSCLC patients from 
healthy individuals with 92.3 % specificity and 80.5 % 
sensitivity [75]. High diagnostic value was also observed 
with exosomal miR-5684 and miR-125b-5p, which 
showed significantly reduced levels in NSCLC patients 
compared to healthy controls. Moreover, miR-125b-5p 
was capable to distinguish between early and late stage 
disease, as well as lymph node metastasis and distant 
metastasis [76]. 

An example of upregulated miRNA in NSCLC 
is miR-17-5p with significantly increased levels in 
patients compared to healthy individuals [77]. MiR-17-5p 
is part of a polycistronic cluster miR-17-92 consisting of 
six miRNAs (miR-17-5p, miR-18a-5p, miR-19a-3p, miR-
19b-1-5p, miR-20a-5p, and miR-92a-1-5p). This 
oncogenic cluster located within the third intron of 
C13orf25 gene on chromosome 13q31.3. is frequently 
overexpressed in NSCLC [78]. The upregulated  
miR-17-92 cluster negatively regulates E2F and  
Myc family of transcription factors [78], Hypoxia-
inducible factor 1-alpha (HIF-1α) [79] and Phosphatase 
and Tensin Homolog (PTEN) [80], which increase 
malignant potential of the disease. MiR-17-5p is the most 
important member of the miR-17-92 cluster as a key 
regulator of cellular processes such as proliferation, cell 
cycle, apoptosis and autophagy. Elevated levels of 
oncogenic miR-17-5p are associated with worse survival 
of lung cancer patients [81]. This knowledge led to the 
development of an diagnostic panel monitoring the 
expression level of miR-17-5p and three other protein 
biomarkers, carcinoembryonic antigen (CEA), water-
soluble cytokeratin 19 fragment (CYFRA 21-1), and 
Squamous Cell Cancer Antigen (SCCA). According to 
gene expression panel profiling, NSCLC patients could 
be distinguished from healthy controls with both 
specificity and sensitivity of 75 %. These results suggest 
that the combination of exosomal miRNA and 
conventional tumor markers have clinical potential in 
NSCLC diagnosis [77]. Lai and Friedman [82] developed 
a mathematical model that identified the three most 

highly expressed exosomal miRNAs (miR-21, miR-205, 
and miR-155) suitable for early NSCLC detection. 
Oncogenic function of miR-21 and miR-155 has also 
been proved in lung cancer. High levels of miR-21 and 
miR-155 are associated with advanced clinical stages and 
metastasis as they promote tumor cell growth and 
invasion by inhibition of PTEN tumor suppressor [50]. 

Studies focusing on differential diagnostics of 
lung cancer confirmed different miRNA expression 
profile between SCLC and NSCLC. MiR-203 was used 
to differentiate between SCLC and NSCLC patients with 
100 % specificity and 80 % sensitivity [83]. 

Poroyko et al. identified a panel of thirteen 
exosomal miRNAs that could correctly distinguish 
between patients with SCLC and NSCLC. Of these, three 
miRNAs (miR-331-5p, miR-451a, miR-363-3p) were 
able to discriminate SCLC and NSCLC cases with 100 % 
specificity and 100 % sensitivity, highlighting the 
potential of miRNAs as a valuable biomarkers suitable 
for differential diagnosis of lung cancer [84].  

In addition, miRNAs have also been applied as 
biomarkers to distinguish the NSCLC subtypes. Four 
miRNAs (miR-181-5p, miR-30a-3p, miR-30e-3p, and 
miR-361-5p) specific for ADC patients and three 
miRNAs (miR-10b-5p, miR-15b-5p, and miR-320b) 
associated with SCC was identified from plasma 
exosomes using miRNA-sequencing [75]. Zhang et al. 
[85] identified elevated levels of miR-205, miR-93,  
miR-221 and miR-30e in SCC cases, while ADC showed 
high expression of miR-29b, miR-29c, let-7, miR-100 
and miR-125a-5p. Moreover, a panel of exosomal 
miRNAs (miR-19b-3p, miR-21-5p, miR-221-3p,  
miR-409-3p, miR-425-5p, and miR-584-5p) was used to 
discriminate ADC patients and healthy controls [86]. 
Exosomal miR-4448 showed diagnostic potential for 
metastatic ADC identification, since its lower levels was 
observed in this group of patients [87].  

Many studies published in recent years has 
clarified the key role of miRNAs in process of 
tumorigenesis and highlight their clinical potential as 
biomarkers useful in the early NSCLC detection NSCLC. 

 
Colorectal cancer 

 
Colorectal cancer (CRC) is the third most 

common cancer worldwide, with 1.1 million new cases 
per year, and is the second leading cause of cancer death 
[28]. CRC occurs more frequently in middle- to high-
income countries with an eight-fold variation in incidence 
across the world. This rise may be associated with known 
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risk factors, including alcohol intake, tobacco use, 
obesity, sedentariness and dietary patterns (diets low in 
fruits, vegetables and unrefined plant food, and high in 
red meat, processed foods and fat) [88]. The absence of 
early CRC screening results in localized or distant 
metastases, which is the main cause of death. 
Approximately 15-30 % of patients present with 
metastases, and 20-50 % of patients with initially 
localized disease will develop metastases. The most 
common location of metastases is liver, then lung, 
peritoneum and distant lymph nodes. The 5-year survival 
rate of patients diagnosed at disease stage I and II without 
metastases is approximately 90 % [89].  

Early diagnosis of colorectal cancer is necessary 
to reduce patient mortality. Therefore, the identification 
of new non-invasive, specific and sensitive biomarkers 
suitable for detection of CRC at early stages is required. 
Exosomal miRNAs obtained by liquid biopsy seem to be 
potentially valuable clinical biomarkers. 

MiRNAs have important functional roles in 
various biological processes associated with CRC 
carcinogenesis. For example, miR-494 [90], miR-598 
[91], and miR-17-3p [92] are involved in CRC 
tumorigenesis. Overexpression of miR-1246 contributes 
to tumor cells differentiation and invasion by suppressing 
the production of cyclin G2, which is involved in cell 
cycle control [93]. Matsumura et al. [94] observed  
2.23-fold increased levels of serum exosomal miR-1246 
in 209 CRC patients, of whom 107 were at disease stages 
I and II, compared to healthy controls. Overexpression of 
miR-1246 was also observed in stage II CRC patients 
compared to healthy individuals [95], supporting the 
diagnostic application of this miRNA.  

MiR-150-5p, miR-195-5p and miR-203 are 
involved in gene dysregulation of nuclear factor-kappa B 
(NF-κB) signaling pathway, a regulator of immune 
response and inflammation that plays an important role in 
CRC carcinogenesis [96]. Exosomal oncomiR-21-5p 
(miR-21) also contributes to promotion of pro-
inflammatory environment by regulating Toll-Like 
Receptor Signaling Pathway 7 (TLR7), which polarizes 
macrophages leading to the synthesis and release of pro-
inflammatory cytokines such as interleukin-6. This 
process creates a pre-metastatic niche in the liver where 
circulating CRC cells can survive and subsequently 
develop metastases [97]. Increased exosomal miR-21 
expression was also reported in the serum of patients 
suffering from colonic adenoma. Differentiation of 
patients from healthy controls reached 73.1 % sensitivity 
and 68.1 % specificity. These data indicates that miR-21 

could be elevated in serum exosomes from early 
development of adenoma and remains elevated in late 
CRC stages, suggesting the diagnostic potential of  
miR-21 [98]. Mir-21 overexpression have been demon-
strated in various cancer types, which may be a barrier to 
its application as a population-screening tool due to lack 
of specificity for CRC. However, such markers can still 
be used for CRC screening in combination with already 
established methods. An example is oncogenic miR-150-
5p with lower serum level observed in CRC patients. 
Diagnostic accuracy of miR-150-5p was improved by 
combined detection with protein marker CEA [99].   

Another possibility to enhance diagnostic 
accuracy is detection of several CRC related miRNA that 
are part of a diagnostic panel. Combining already 
mentioned oncogenic miR-1246 and miR-21 with five 
other miRNAs (let-7a, miR-1229, miR-150, miR-223 and 
miR-23a), Ogata-Kawata et al. created a panel that was 
effective in discriminating patients at different CRC 
stages from healthy controls. High sensitivity and 
specificity of this panel was confirmed by ROC analysis 
supporting clinical diagnostic potential. In addition, 
serum exosomal levels of these miRNAs were 
significantly reduced after surgical resection of tumor 
[100]. MiRNA diagnostic panel consisting of Let7,  
miR-16 and miR-23 also significantly differed between 
CRC and healthy controls [101]. Min et al. identified 
miRNA-139-3p, let-7b-3p, and miRNA-145-3p in plasma 
exosomes with increased expression in early-stage CRC 
patients compared to healthy controls. High reliability 
based on score 0.927 was shown by ROC test [102]. Yan 
et al. [103] observed upregulation of miR-486 and 
downregulation of miR-548c when comparing exosomal 
serum miRNA levels in 77 CRC patients, of whom 26 
were at CRC stage I and II, with healthy controls. 
Increased miR-486 levels in CRC patients were also 
confirmed in a study by Liu et al. [104]. In concordance 
with data by Yan et al. [103] decreased levels of  
miR-548c were reported by Peng et al. [105] in 108 CRC 
patients. These independent studies confirm the 
diagnostic potential of miR-486 and miR-548c. 

Metastasis formation represents a key process in 
CRC tumorigenesis. In colorectal cancer, miRNAs are 
involved in multiple cellular processes related to 
metastasis, including epithelial-mesenchymal transition 
[106], angiogenesis [107], and interactions with the tumor 
microenvironment [108]. The spread of CRC tumor cells 
with subsequent metastasis formation in liver is a major 
cause of disease progression and death in patients [109]. 
In particular, miR-320b was significantly upregulated in 
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CRC patients with liver metastasis leading to increased 
expression of metastasis-promoting genes. Serum  
miR-320b levels in stage IV CRC patients were elevated 
compared to stage I and II patients [110]. In a study 
focused on different expression pattern of exosomal 
miRNAs in CRC patients with liver metastases, Tang  
et al. observed elevated levels of miR-320d. 
Discriminatory power of miR-320d to differentiate 
patients with metastases from those at stage I and II, 
reached 62 % sensitivity and nearly 65 % specificity. 
Combination of miR-320d with CEA led to an increase in 
diagnostic efficiency with a sensitivity of 63 % and 
specificity of 91 %, suggesting that miR-320d could be  
a suitable biomarker for metastatic CRC in the future 
[111]. Takano et al. [112] analyzed by qRT-PCR 
expression of exosomal miR-203 in serum of 240 CRC 
patients. They observed that increased expression of miR-
203 correlated with disease stage. Its elevated levels were 
associated with pathological tumor progression, including 
lymph node metastasis, venous invasion, and distant 
metastasis. Serum levels of exosomal miR-6803-5p were 
also significantly elevated in stage II and III patients with 
liver and lymph node metastases. As in previous studies, 
high miR-6803-5p expression levels were associated with 
disease progression and worsen patients overall survival 
rate [113].  

Based on increasing knowledge, exosomal 
miRNAs are considered as novel biomarkers with  
clinical potential for accurate identification of  
early-stage colorectal cancer as well as possibility  
of disease staging, which may lead to better management 
of oncological treatment. 

Conclusion 
 

Exosomes with abundant miRNAs have become 
the topic of tumor research in recent years. Exosomal 
miRNAs produced by tumor cells play a key role in 
tumorigenesis and cancer progression and their clinical 
potential lies particularly in early cancer diagnosis.  
Non-invasive liquid biopsy together with stable and real-
time biological properties of circulating miRNAs are the 
key factors enabling not only diagnosis but also cancer 
staging and patient prognosis prediction. However, 
extensive miRNA research led to identification of almost 
40000 records in miRBASE (v22.1) database, so for 
clinical usage is necessary its further characterization and 
quantification. As seen in this review, exosomal miRNAs 
have great potential in the field of personalized cancer 
medicine including diagnostic and prognostic clinical 
evaluation. 
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