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Abstract: Alterations in bile secretion and its composition results in different pancreatobiliary alterations 
such as cholangiocarcinoma (CCA), gallbladder cancer (GBC) among others, which are usually detected in 
late stages and associated with discouraging rates of survival. Given the challenges of clinical detection of the 
biliary tract abnormalities, the search for biomarkers for detection, prevention and management of bile tract 
pathology is of the utmost importance. Current blood based biomarkers have low sensitivity and specificity; 
therefore, new alternatives must be identified and validated, principally in fluids that are in direct contact 
with the affected tissues such as bile. Molecules in contact with the site of the lesion have proven potentially 
diagnostic for biliary tract tumors and allow the discrimination of different pathologies and its stages. 
However, the acquisition of these molecules has some technical drawbacks, and poses obstacles that are hard 
to overcome during the implementation of these techniques in a clinical setting. Extracellular vesicles (EVs) 
such as exosomes have been suggested as messengers between distant cells and are representative of their 
tissues of origin. It has been shown that tumor derived exosomes carry nucleic acids and oncogenic proteins, 
that contribute to the microenvironment necessary for tumor progression. Accordingly, tumor derived 
exosomes have been the focus of research to identify potential screening biomarkers and therapeutic targets, 
since they don’t require invasive procedures and carry not only useful information but also protect their 
material from extracellular enzymes and contaminants, improving molecular detection. These EVs haven’t 
been well characterized in biliary tract cancers as its study is very recent. Nonetheless, a few studies have 
highlighted the role of exosomes as facilitators of these cancers’ progression. The relationship between the 
presence and secretion of exosomes with altered expression of different molecules with diagnostic potential 
has been pointed out in recent studies, both in malignant diseases and benign conditions like inflammatory 
abnormalities. Since biliary tract pathologies are not easily detected and are often uncovered in advanced 
stages, overcoming the gap between basic and clinical research to identify and validate different candidate 
biomarkers that are present in exosomes is a decisive goal that requires large-scale multicenter studies and 
standardization of isolation, purification and characterization techniques.
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Introduction

Bile plays a fundamental role in the digestive system by 
emulsifying lipids and facilitating the proper digestion 
of fats by lipase action in the small intestine (1). It is 
mainly composed of water, biliary acids as glycolic and 
taurocholic acids and bile pigments (bilirubin), as well 
proteins, electrolytes, mucus and various metabolites (2). 
It’s well known that bile, secreted by the liver, is transported 
and stored in the gallbladder and then directed through 
the biliary tract to the intestine (1,3). Many biliary tract 
pathologies could have their origin or be the result of 
alterations in the secretion, composition or transport of 
bile (4). An example of these alterations is gallstone disease 
which, when detected; has organ extraction as its standard 
procedure (5). However, the chronic presence of these 
stones in the epithelial tissue induces chronic inflammation 
and the potential development of several complications 
like cancer (6). Therefore, detection of early molecular 
alterations as biomarkers of biliary tract pathology is 
clinically important (7). This is useful considering that 
smaller organs such as the gallbladder and the biliary ducts, 
are difficult to clinically explore (8). 

The term ‘b iomarker ’  re fers  to  medica l  s igns 
(including the detection of molecules) that are accurately 
measurable in a reproducible manner and that account for 
a pathological state in the patient or a group of them (9). 
Therefore, biomarkers represent a medical condition that 
can be detected externally and has a rapid and selective 
accumulation which accounts for morphological or 
biochemical alterations (10). However, one of the main 
aspects that makes a biomarker a good candidate for its use 
is the technique employed for its detection (9). Considering 
the above, blood biomarkers that identify certain 
pathophysiological conditions have been widely used; due 
to their easy detection and non-invasive acquisition (11). 
However these biomarkers aren’t exempt of problems (10). 
In this regard, there are several research works designed to 
identify biomarkers that account for oncological pathologies 
in the biliary tract in serum and bile fluid.

Pancreatobiliary pathologies detection

Biliary tract malignancies originate from epithelial cells of 
the intrahepatic or extrahepatic bile ducts. They comprise 
intrahepatic cholangiocarcinoma (CCA), perihilar CCA, 
gallbladder cancer (GBC) and distal CCA. These cancers, 
present a diagnostic challenge and a conundrum (12), with 

a very poor outcomes. Surgical resection is the only chance 
for cure in early stages of the disease (13). If resected,  
5 year survival reaches 30–40% for early stage intrahepatic 
CCA and 50% for extrahepatic CCA, but less than 20% 
in advanced GBC (14). Unfortunately, in unresectable 
disease, median overall survival rates are only 6–12 months 
(15,16). The majority of these tumors are discovered at an 
advanced stage due to a delay in diagnosis and, currently, 
the clinical detection and diagnosis relies on computed 
tomography (CT) or B type ultrasonography examinations, 
which have poor sensitivity, especially for the detection of 
small lesions (17–19). Histology combined with cytology 
by endoscopic ultrasound-guided fine needle aspiration 
for the diagnosis of solid pancreatic mass including distal 
biliary tract tumors has become the standard. However is 
not available in all institutions and is highly invasive (20). 
In addition, brush cytology via endoscopic retrograde 
cholangiopancreatography (ERCP) has a sensitivity of 
50% for early diagnosis of CCA, which is attributed to 
the desmoplastic nature of this disease (21). While most 
bile duct carcinomas develop sporadically, there are 
some known risk factors, including parasitic infestation, 
choledochal cysts, hepatitis C virus, intrahepatic lithiasis, 
abnormal pancreatobiliary junction, and primary sclerosing 
cholangitis (PSC) (22). PSC carries the highest risk of CCA 
development (23) and PSC is a frequent early event during 
cholangiocarcinogenesis. Furthermore, half of patients 
with PSC that develop cancer will do so within a year 
of diagnosis (24,25). Despite advances in endoscopy and 
multiple imaging techniques, all of them lack diagnostic 
accuracy and/or negative predictive value and large efforts 
have aimed to identify reliable biomarkers of biliary 
malignancies that could replace the current clinical gold 
standards (26,27).

Until now, serum biomarkers lack the sufficient 
sensitivity and specificity to reliably screen high risk 
individuals or confirm the presence of malignancy in biliary 
structures (22,28). The most widely used clinical biomarker 
for biliary tract malignancies is serum carbohydrate antigen 
19-9 (CA19-9) (29). However, CA19-9 may also be elevated 
in pancreatitis, cholangitis, primary biliary cirrhosis and 
with heavy tobacco use (30). The range of sensitivity and 
specificity for CA19-9 is between 53–92% and 50–98%, 
depending on the cutoff value used and population  
studied (31). Alternative biomarkers have been identified 
and investigated (32), but there is no validated biomarker 
with clinically useful diagnostic capabilities for biliary 
malignancies to date. Therefore, improved fluid-based 
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biomarkers are urgently required to enable early tumor 
diagnosis and many efforts have been made to study the bile 
fluid as a source of diagnostic biomarkers from the biliary 
tree in health and disease. Bile fluid is in direct contact 
with the bile duct epithelia, making it an attractive option 
to investigate molecules with diagnostic and prognostic 
potential. However, the acquisition of bile fluid through 
invasive techniques as ERCPs is not an easy way to do so 
and needs a medical specialist (33), therefore the use for 
screening purposes or surveillance of population at risk is 
limited.

Biomarkers and pancreatobiliary tract tumors

CA 19-9 and carcinoembryonic antigen (CEA) are 
widely used in the clinical practices and the utility of 
this glycoprotein in bile has been studied too. However 
diagnostic performance has not been consistent. For 
example, biliary CEA showed a 84% of sensitivity and a 
specificity of 64%, but there was a considerable overlap 
between the malignant and benign lesions (34,35). 
Furthermore, in the multivariate analysis, biliary CEA 
levels were not predictive of malignancy (34). The low to 
moderate specificities for these markers suggest that they 
are increased in benign and inflammatory conditions (32). 
Multiple studies have shown that biliary CA 19-9 and CEA 
did not add to the diagnostic accuracy to a great extent 
when compared to the serum levels, as they had high false 
positive results (32,36). 

Other bile biomarkers have been investigated as a 
potential, more sensitive, alternative due to direct contact 
with tumor. For example, IGF-1 and VEGF were studied 
in different works as bile diagnostic markers (31,32). 
IGF-1 was found to be diagnostic for CCA, when benign 
conditions or pancreatic cancer were taken as a control. 
Previous studies have demonstrated that biliary IGF-1  
was 15–20 folds higher in patients with extrahepatic 
CCA compared to patients with pancreatic carcinoma or 
benign disease (37). However, the levels of biliary IGF-1  
didn’t correlate with the degree of cholestasis. Increased 
biliary VEGF levels have been reported in pancreatic 
cancer compared to CCA, with a sensitivity of 93.3% and 
a specificity of 88.9%. Also, increased VEGF levels could 
be differentiating pancreatic cancer from benign lesions 
(32,38). However, biliary VEGF levels did not differ 
significantly between the benign and CCA group (37).  
Several research groups have employed different proteomic 
analysis to identify novel tumor-specific markers in 

bile, which carries proteins from the local environment 
(liver, biliary tract and pancreas) (39,40). Some of the 
analytical techniques used in proteomics are the liquid 
chromatography-mass spectrometry and nuclear magnetic 
resonance spectroscopy, besides Western blot and ELISA. 
Recently, was reported that the SSP411 protein in bile as a 
novel and specific biomarker for CCA compared to benign 
group using the 2D/MS/MS strategy (41). Neutrophil 
Gelatinase-Associated Lipocalin (NGAL), was suggested 
as a biomarker for distinguishing benign from malignant 
pancreatobiliary obstruction, and the combination of 
biliary NGAL and serum CA19-9 improved diagnostic 
accuracy for malignancy (42). Carcinoembryonic Cell 
Adhesion Molecule 6 (CEAM6) in bile was described as a 
useful biomarker to discriminate between malignant and 
nonmalignant causes of biliary stricture (43). Interestingly, 
a panel comprised by CEAM6 and serum CA19-9 further 
improved diagnostic accuracy for malignant stenoses (43).  
Recently, the Alpha-1-antitrypsin was reported as an 
overexpressed protein that’s increased in CCA bile 
samples and could differentiate between normal and early-
stage CCA (44). Interestingly, in this work, CEAM6 was 
not increased between normal and malignant samples, 
suggesting that differences in sample number and analytical 
techniques could affect the performance of the same 
biomarker. Furthermore, the main limitation of proteomic 
analysis of bile is its complex constitution with various 
molecular components and contaminants. Therefore, a 
variety of sample preparations, including delipidation, 
desalination and nucleic acid removal, must be adopted to 
remove interfering substances. Also, proteins account for 
approximately 7% of the total dry weight; and differential 
fractionation could be used to reduce the mix complexity, 
concentrating the protein component as a preparation for 
mass spectrometry (45,46).

In recent years, metabolomics analysis has emerged 
as an effective tool for the screening of biomarkers and 
disease diagnosis. For example, was demonstrated a clear 
separation between the disease groups (biliary tract cancer 
and benign biliary tract diseases) in bile samples through a 
liquid chromatography/mass spectrometry (LC/MS)-based 
approach (47). Patients with biliary tract cancer showed 
significantly lower levels of lysophosphatidylcholine, 
phenylalanine, 2-octenoylcarnitine, tryptophan and 
significantly higher levels of taurine and glycine conjugated 
bile acids in the bile compared with those in the bile from 
patients with benign biliary tract disease (47). These 
metabolites may have potential as novel biomarkers for 
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the early detection of biliary tract cancer and further 
studies need to be done to validate their individual clinical 
applicability. However, the technological limitations in 
the implementation of these methods and the necessary 
expertise training of the personnel make these analyses 
impractical to use in the clinical diagnostic routine.

Detection of mutated genes in bile might be another 
approach for early detection of pancreatobiliary tract 
carcinoma and different groups have reported the detection 
of different mutation derived from transformed cells in bile 
compared to clinical samples obtained from individuals 
with benign pancreatobiliary disorders. For example, the 
detection of codon 12 mutation of KRAS in bile fluid of 
PSC patients (48). Interestingly, most of the PSC patients 
with KRAS mutations remained tumor free after a follow 
up, which agrees with the fact that these mutations are 
not specific for malignancy but may also occur in normal 
bile duct mucosa or in dysplasia (48). In this scenario, 
the KRAS codon 12 mutation in bile fluid appears to be a 
prognostic factor for PSC patients. Others groups analyzed 
different mutant KRAS2 genes by LigAmp assay in bile (49).  
Data showed the presence of mutant KRAS2 in bile in the 
majority of the cancer patients (87.5%) and in a minor 
subset of benign pancreatobiliary diseases (49). Therefore, 
analysis of KRAS2 mutations in bile could be a sensitive 
assay for an early detection of biliary tract carcinoma. Other 
group used a different approach, the analysis of a DNA 
methylation marker panel for the detection of extrahepatic 
cholangiocarcinoma (EHC) in bile (50). In this work, a 
five-gene panel (CCND2, CDH13, GRIN2B, RUNX3, and 
TWIST1) detected EHC at a sensitivity of 83%, which was 
far higher than that of bile cytology (46%). However, the 
authors recommended validating the usefulness of this test 
by performing large-scale or multicenter studies, because 
the control sample size was small (50). The detection of 
RNA as potential biomarker also was explored as a potential 
biomarker of CCA. Used U2 small nuclear RNA fragments 
(RNU2-1f) in bile enabled the differentiation of patients 
with CCA from control samples (patients with PSC and 
choledocholithiasis) (51). However, there was some overlap 
in the RNU2-1f abundance between the CCA and PSC 
samples, showing a lower sensitivity and specificity (67% 
and 91%, respectively) (51). 

Extensive evidence indicates that most cancers exhibit 
alterations related to the expression of microRNAs 
(miRNAs) and tumor cells could express high levels of pro-
carcinogenic miRNAs or lower levels of tumor suppressor 
miRNAs (52). High levels of miR-21, miR-187 and miR-202  

in blood can be used to diagnose GBC (53). Also, lower 
levels of miR-143, Let-7a and miR-335 are found in 
serum and tissue of GBC patients with respect to healthy 
controls. Interestingly, miR-143, miR-202 and miR-187 
showed direct association in blood, tissues and in lymphatic 
metastasis, and may be useful for diagnosis, treatment 
and monitoring of therapies. miR-150 could be used as a 
biomarker for CCA, since it is elevated in serum of patients 
with this disease (54). However, the main disadvantage of 
the use of miRNAs as biomarkers in systemic extracellular 
fluids is the likely effects of extracellular enzymes such 
as serum nucleases, which degrade miRNA molecules. 
Lately, some groups have described the miRNA detection 
in bile as a biomarker of pancreatobiliary disease. An study 
demonstrated that 10 of the 667 bile miRNAs analyzed 
(miR-9, miR-145, miR-105, miR-147b, let-7f-2,let-7i, miR-
302c, miR-199a-3p, miR-222 and miR-942) were expressed 
significantly higher in the malignant group, composed of 
CCA and GBC patients than in the control group (patients 
with choledocholithiasis) (55). Also, patients with PSC and 
CCA, have distinct miRNA profiles in bile (56). miR-412, 
miR-640, miR-1537 and miR-3189 expression was different 
between patients with PSC and PSC/CCA in bile samples 
of which only miR-412 was upregulated.

However, one of the main difficulties detecting and 
analyzing free nucleic acids with diagnostic value in bile is 
the presence of multiple PCR inhibitors. Iron-containing 
proteins and their breakdown products, such as bilirubin, 
and bile salts have been identified as major inhibitors in 
PCR (57). Further studies are needed to determine ways to 
minimize the inhibitory effects of bile components in PCR 
and thus improve the detection sensitivity.

Moreover, the evidence suggests that the diagnostic use 
of a biomarker could be complemented by other biomarkers 
that account for the same pathology or clinical stage of 
disease. However, the large number of molecules in the 
serum and the limited specificity that these biomarkers offer 
can represent a disadvantage (58). The latter, because the 
blood is a tissue that delivers and collects substances at the 
systemic level, while the composition of other body fluids, 
such as bile, may be more representative of a localized body 
area, which would result in an advantage when evaluating 
biomarkers of the biliary tract under pathophysiological 
conditions. These represents a challenge in the field 
of prevention, diagnosis, prognosis and monitoring of 
oncological or non-oncological pathologies of the biliary 
tract (41,59). In this context, the use of exosomes could be 
key to the successful management of pathologies difficult to 
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explore, such as those related to the biliary tract (60,61).

Extracellular microvesicles

Extracellular vesicles (EVs) have become an interesting 
focus  of  research due to their  funct ions  both in 
physiological and pathological conditions (62). Cells can 
generate different types of these EVs, which are released 
directly from the plasma membrane (63). These vesicles 
are classified by its size and biogenesis as apoptotic bodies, 
microvesicles and exosomes, among others. Accordingly, 
exosomes are homogeneous vesicles (50–150 nm), composed 
of a lipid bilayer that originates from multivesicular bodies 
(MVBs) and represent a discrete subpopulation of EVs 
(63,64). Exosomes have received tremendous attention in 
recent years since its content mirrors the parental cells they 
are originated from (65). Although the exact biological 
functions of exosomes remain to be fully uncovered, current 
evidence indicates that exosomes play a vital role in many 
cellular processes like cell-cell communication, antigen 
presentation, coagulation, waste management, as well 
as protein, DNA and RNAs transfer (66,67). Thus, the 
EVs are considered potential messengers of information 
between distant cells (68). Therefore, the detection and 
analysis of these EVs as biomarkers in several diseases or 
their use as vehicles for different types of therapies have 
been of great interest in recent years. Interestingly, an 
important characteristic of the exosomes, and useful to 
use as molecular biomarker, is the ability to transport and 
protect nucleic acids or protein content from extracellular 
enzymes and contaminants (69). For that reason, circulating 
exosomes provide a promising approach as novel and 
dynamic biomarkers in human diseases due to their stability, 
accessibility and molecular representation of the cells that 
secrete them. The latter takes relevance if we consider 
that tumor-derived exosomes are found in all body fluids, 
such as blood, urine, saliva, pleural effusions and malignant 
ascite, reflecting the molecular changes during the early 
events of many pathologies including cancer (61,70). In 
recent years, the isolation and quantification of exosomes 
have become a major initiative in both basic research and 
clinical application (71), inspiring different research groups 
and biotechnological companies to develop techniques and 
protocols to reliably and efficiently isolate exosomes from 
complex biological matrices (72). 

U n f o r t u n a t e l y,  c i r c u l a t i n g  f l u i d s  r e f l e c t  a l l 
pathophysiological changes that occur within the body 
and quantitative and qualitative changes of EVs could arise 

due to other conditions (73). Therefore, to preserve the 
diagnostic relevance, non-body circulating fluids as bile, 
could represent a valuable alternative source for EVs like 
exosomes, because they remain virtually unaffected by the 
different processes that occur in distant organs. 

Exosomes and pancreatobiliary tract tumors

Several studies have shown that tumor cells produce and 
release exosomes in greater quantity than normal cells, 
transmitting messages to normal cells or other transformed 
cells at nearby or distant sites, promoting tumor growth 
and progression (74). Exosomes contribute to cancer 
proliferation by supplying different anti-apoptotic 
proteins, miRNAs, oncogenic proteins, cytokines, adhesion 
molecules among others (75). Moreover, exosomes derived 
from different types of cancer as glioblastoma, breast cancer 
and multiple myeloma are demonstrated to upregulate 
angiogenesis by the transmission of miRNAs or angiogenic 
proteins (76). 

The presence and biological importance of EVs as 
exosomes in the pancreatobiliary tract and its function 
depending of cellular origin and the physiological and 
pathophysiological context in which they are secreted 
have only been recently studied. Exosomes derived from 
pancreatic ductal adenocarcinoma cells, released into the 
blood circulation have been shown to promote a favorable 
fibrotic microenvironment in the liver, a pre-metastatic 
niche, supporting metastasis formation in a mouse model (77).

Exosomes produced by aggressive CCA cell lines 
transferred oncogenic proteins and induced migration 
and invasion of normal human cholangiocyte (H69) cells, 
suggesting a direct role of these microvesicles in cell to cell 
communication and the facilitation of a tumor permissive 
microenvironment (78). Also, exosomes from malignant 
cholangiocytes can increase fibroblast-like activity by 
mesenchymal stem cells (MSCs) (79). Furthermore, 
exposure of MSCs to tumor cell–derived EVs results in 
a selective alteration of mRNA expression and release of 
cytokines/chemokines such as IL-6 that can, in turn, alter 
tumor cell growth. Also, exosomes derived from CCA cells 
has immunomodulatory properties (80). These exosomes 
inhibit the antitumor activity of CIK cells by down-
regulating the population of CD3+, CD8+, NK (CD56+), 
and CD3+CD56+ cells and the secretion of TNF-α and 
perforin, highlighting the importance of exosomes in 
the interrelationship of tumor and microenvironment, 
facilitating the cancer progression.
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Exosomes as pancreatobiliary tract tumors 
biomarkers

Several research groups have proposed exosomes as a 
potential screening biomarkers or therapeutic targets in 
biliary tract diseases (Table 1). On this subject, different 
studies have related the presence and secretion of EVs with 
an altered expression of different molecules with diagnostic 
potential. Recently, were described that concentration of 
serum EVs in HCC samples was higher than the other 
study groups (Control, CCA and PSC) (91). Also, through 
a proteomic analysis of exosomes, was identifying specific 
proteins with potential diagnostic and prognostic value for 
CCA, PSC and HCC (91). Moreover, exosomes derived 
from pancreatic ductal adenocarcinoma patients could be a 
source of DNA allowing the identification of mutations in 
the KRAS gene and pointing out the utility of the analyses 
of these EVs as noninvasive screening methods (87).

The first evidences of the physiological role of EVs 
in biliary tract were given by the identification of EVs in  

bile (83). Bile EVs were partially secreted by cholangiocytes 
and directly bound to their primary cilium inhibiting 
cell proliferation in an ERK-dependent manner which is 
associated with lower levels of miRNA 15-A (83). These 
data evidenced that EVs may contribute to the maintenance 
of the homeostasis of the biliary epithelia in normal 
conditions. EVs present in chicken bile induce an increase 
in the proliferation of CD4+ and CD8+ T lymphocytes, 
they promote the activation of liver macrophages and the 
inhibition of the replication of avian leukosis virus in a cell 
line of chicken fibroblasts (DF-1 cells) (86). Furthermore, 
in other pathologies associated with the biliary tract, it’s 
known that these vesicles may play an important role in 
promoting an immune reaction in biliary infections, as 
in the case of infection with Cryptosporidium parvum (90). 
This parasite induces the release of vesicles loaded with 
antimicrobial peptides, such as cateliadine-37 and beta-
defensin 2, when interacting with the TLR4/IKK2 receptor 
of the bile epithelium (90).

EVs are present in human bile and contain a large 

Table 1 Exosomes as biomarker

Biomarker Source Model Reference

miRNAs Exosomes from Bile Human CCA (81)

miRNAs Exosomes from Serum GBC (82)

miR-195 Exosomes from Bile Rat model of CCA (71)

miR-9 Exosomes from Bile Human BTC (55)

miR-15-a Exosomes from Bile Primary cilia of cholangiocytes from rat model (83)

miR-451a and miR-642a-3p Exosomes from Serum Human primary biliary cirrhosis (84)

Biliary exosomes Bile Malignant biliary stenosis in patients (85)

CD4+ and CD8+ Exosomes from Bile Cholecysts from SPF chicken (86)

KRAS mutated (MAF) Exosomes from liquid biopsies Human PDAC (87)

Exosomes and MIF Human Kupffer cells Human PDAC (77)

Bilosomes Bile salt stabilized nano-vesicles Drug delivery system in human (e.g., insulin 
drug)

(88)

Exosomes internalization
β-catenine and ↓E-cadherin in H69 cells

Exosomes from supernatant 
medium

Human CAA in vitro (78)

EVs internalization
IL-6 and tumorigenic phenotype of H69 
cells

Biliary exosomes from 
carcinogenic liver fluke and fluke 
culture medium

Hamsters and human hosts with O. viverrini 
infection and H69 cholangiocytes cells in vitro

(89)

Cathelicidin-37 and β-defensin Exosomes from supernatant 
medium

Human biliary cryptosporidiosis with H69 and 
603B cell lines (in vitro)

(90)

CCA, cholangiocarcinoma; GBC, gallbladder cancer; BTC, biliary tract cancer; SPF, specific pathogen-free; MAF, mutation allele 
frequencies; PDAC, pancreatic ductal adenocarcinoma; EVs, extracellular vesicles; MIF, macrophage migration inhibitory factor.
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number of miRNA making these molecules very stable (81). 
A group of miRNAs were described to be upregulated 
in EVs isolated from bile of CCA patients compared to 
several biliary benign disorders (i.e., choledocholithiasis, 
PSC, chronic pancreatit is  and Sphincter of Oddi 
dysfunction) showing a diagnostic value (81). Interestingly, 
combining five miRNA markers (miR-191, miR-486-3p, 
miR-1274b, miR-16 and miR-484) could differentiate 
between CCA from PSC and other bile duct obstruction, 
with a sensitivity of 67% and a specificity of 96%. A recent 
work, pointing out the quantity of biliary exosomes as 
markers of malignant biliary stenosis, which may be useful 
in replacing CA19-9 antigen detection in serum (85). 
This work, indicated that the median concentration of 
EVs was significantly higher in bile samples from patients 
with malignant than controls or nonmalignant common 
bile duct stenoses, and the concentration of EVs in bile 
samples could discriminate between patients with a 100% 
of accuracy. Better than the concentration of EVs in serum 
63.3% diagnostic accuracy. 

Finally, EVs as exosomes have been recognized as a 
valuable resource for the detection and monitoring of 
cancer, being shown as a tool of non-invasive detection 
in this and other type of pathologies. The latter is due 
to its content and molecular nature, which reflects the 
pathophysiological state of the cells that secrete them (65). 
Unfortunately, few studies are focused in the diagnostic 
potential of EVs as exosomes in bile, due to the difficulties 
associated to the acquisition of sample, the lack of 
standardized protocols for exosomes isolation, and the gap 
between the basic and clinical research to validate different 
molecules with potential diagnostic or prognostic value 
better than the available serum gold standard biomarkers. 

Concluding remarks

The diagnostic of biliary structures alterations represent 
a medical challenge, also the initial workup, as abdominal 
imaging and ERCP based sampling, is no diagnostic 
(32,92). Regrettably, the majority of biliary tract tumors 
are discovered at an advanced stage due to a delay in 
diagnosis and the overall survival of these patients 
is dismal. Current diagnosis methods are based on a 
combination of radiological imaging, serum markers and 
histological verification; however, each of these approaches 
has its own drawback. Therefore, is an urgent need to 
create new, better and accurate diagnostic methods to 
detect early-stage tumors in high-risk groups (Table 2). 

Although both CA19-9 and CEA are elevated in the serum 
of patients with biliary tract malignancies, these markers 
are also increased in other diseases such as alcoholic liver 
disease, viral hepatitis, PSC, cholestasis, liver injury, and 
other tumors. Thus, the diagnostic value of these serum 
biomarkers is limited. 

In recent years, several research and technological 
advances have been made in the field of liquid biopsy, 
a new approach to detect and characterize genetic 
alterations derived from tumors in systemic fluids such as 
blood or other restricted fluids such as cerebrospinal fluid, 
avoiding the need for surgery for acquisition of tissue. In 
addition, the development and enhancement of several 
technology platforms such as qPCR gene panels, target 
sequencing, digital PCR, capture of circulating tumor cells 
(CTC) and others allow the detection of known genetic 
alterations or the identification of new relevant molecular 
changes for the disease, improving the diagnostic, 
prognostic and predictive value of these new biomarkers 
with several advantages in sensitivity and specificity. 
Interestingly, the proximity of bile fluid to the biliary 
epithelia makes it an attractive option for researching new 
molecular biomarkers, which might be representative of 
the abnormal changes taking place in the biliary system 
and minimal or non-influenced by whole body changes or 
other alterations that could affect the serum markers. Bile 
fluids has recently been proven to contain EVs as exosomes 
that play a significant role in the pathophysiology of biliary 
tract diseases becoming in promising non-invasive tools 
for diagnosis, prognosis and to predict treatment response. 
The main advantage for the use of biliary EVs as a source 
of biomolecular diagnostic markers is their intrinsic 
nature that aims to protect the molecular content from 
the adverse environment as the bile fluid (Figure 1). The 
isolation and concentration of EVs from bile could allow 
identification of proteins and different nucleic acids from 
tumor cells, without the need of pre-treatment for clearing 
and removing the contaminants that affect the detection 
of free biomolecules in bile. Biliary EV and its content 
showed high sensitivity and specificity for the diagnosis of 
different biliary tract diseases and its extensive use could 
be a promising future option as the first diagnostic step in 
early detection in individuals with known risk factors (i.e., 
liver flukes, hepatitis B and C or PSC) (13,93). 

However, it is necessary to point out the need to 
standardize the isolation, purification and characterization 
methods for this material and validate its uses as biomarker 
in large and defined clinical cohorts. 
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Table 2 Biomarkers in biliary tract pathologies

Biomarker Matrix Pathology Sensitivity (%) Specificity (%) References

CA19-9 Blood Biliary tract malignancies and 
other non-malignant diseases

53–92 90–98 (23,30,31) 

CEA Blood Malignant and benign 
obstructive biliary diseases

84 64 (32,34,35)

VEGF Bile fluid PC vs. CCA or benign lesions 93.3 88.9 (31,32,37,38)

SSP411 protein Bile fluid CCA vs. benign 85.7 76.9 (41)

NGAL Bile fluid MPBO vs. benign 
pancreatobiliary disease

94 55 (42)

Biliary NGAL + serum CA19-9 Bile and Blood MPBO vs. benign 
pancreatobiliary disease

85 82 (42)

CEAM6 Bile fluid Malignant vs. non-malignant 
biliary stricture

93 83 (43)

Biliary CEAM6 + serum CA19-9 Bile and Blood Malignant vs. non-malignant 
biliary stricture

97 83 (43)

α-1-antitrypsin Bile fluid Normal vs. early-stage CCA 80 75 (44)

KRAS c.12 Bile cells Biliary tract carcinoma 87.5 – (49)

CCND2, CDH13, GRIN2B, RUNX3, 
TWIST1

Bile fluid EHC 83 100 (50)

RNU2-1f Bile fluid CCA vs. PSC & 
choledocolithiasis

67 91 (52)

miR-150 Serum GBC 80.6 58.1 (54)

miR-9, miR-302c*, miR-199a-3p, 
miR-222* panel

Bile fluid CCA & GBC vs. 
choledocolithiasis

88.9 100 (55)

miR-412 Bile fluid PSC/CCA vs. PSC 50 89 (56)

mutated KRAS in EVs Serum Early stage of PC 75.4 92.6 (91)

miR-191, miR-486-3p, miR-1274b, 
miR-16, miR-484 in EVs

Bile fluid CCA vs. PSC 67 96 (90)

Other exploratory techniques

Cytology Tissue BTC 46–50 – (20,50)

Histology and cytology Tissue BTC – – (20)

Macroscopic changes BTC – – (17-19)

EHC, extrahepatic cholangiocarcinoma; PC, pancreatic cancer; CCA, cholangiocarcinoma; MPBO, malignant pancreatobiliary obstruction; 
PSC, primary sclerosing cholangitis; GBC, gallbladder cancer; HCC, hepatocellular carcinoma; BTC, biliary tract cancers.

Future perspective

EVs in bile are very promising as biomarkers to distinguish 
between benign and malignant biliary conditions. However, 
it will be necessary to identify additional promising 
biomarkers and validate their usefulness by performing 
large-scale or multicenter studies. Moreover, special 

attention should be directed to bridge the gap between 
pre-clinical and clinical studies. Thus, future international 
collaborative investigations are urgently needed to 
validate the most promising biomarkers and to start their 
implementation in the general clinical practice. On the 
other hand, the acquisition of bile fluid through invasive 
technique as ERCPs it’s not an easy way to achieve this and 
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Figure 1 Exosomes as a biomarker source in bile fluid. A zoom to bile fluid show the presence of exosomes from epithelial cells of different 
portions of the biliary tract. Inside of exosomes there are miRNAs, proteins and exoDNA molecules, which could be used as biomarkers that 
account for a pathophysiological condition. In bile fluid, the presence of bile salts and extracellular nucleases may degrade the circulating 
nucleic acids and exosomes could prevent its degradation and enable its stabilization. Therefore, the use of exosomes for the detection of 
molecular biomarkers stands as an effective tool for the management of diseases difficult to explore.

needs medical specialists, therefore the use for screening 
purposes or surveillance of population at risk is limited.
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