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Bile-duct cancers (BDC) are a group of solid tumors arising from the biliary tree. Despite their classification as rare

cancers, the incidence of BDC is increasing worldwide. Poor prognosis is a common feature of this type of cancer

and is mainly determined by the following factors: late diagnosis, lack of effective therapeutic approaches, and

resistance to conventional treatments. In the past few years, next-generation sequencing technologies has allowed

us to study the genome, exome, and transcriptome of BDC deeper, revealing a previously underestimated class of

RNA: the noncoding RNA (ncRNA). MicroRNAs (miRNAs) are small ncRNAs that play an important regulatory role

in gene expression. The aberrant expression of miRNAs and their pivotal role as oncogenes or tumor suppressors

in biliary carcinogenesis has been widely described in BDC. Due to their ability to regulate multiple gene networks,

miRNAs are involved in all cancer hallmarks, including sustaining proliferative signaling, evading growth

suppressors, resisting cell death, enabling replicative immortality, inducing/accessing vasculature, activating

invasion and metastasis, reprogramming cellular metabolism, and avoiding immune destruction. Their use as

diagnostic, prognostic, and predictive biomarkers has been widely explored in several human cancers, including

BDC. Furthermore, miRNA-based therapeutic strategies are currently the subject of numerous clinical trials that are

providing evidence of their efficacy as potent anticancer agents.

non-coding RNA  microRNA  bile duct cancer  precision medicine

1. Introduction

Bile-duct cancers (BDC) are a group of rare solid tumors originating from the biliary system. A commonly used

anatomical classification subdivides BDC into intra-hepatic (iBDC) and extra-hepatic (eBDC), originating

respectively from the biliary tree within and outside the liver parenchyma. The eBDC is further subdivided into distal

and perihilar BDC (dBDC, pBDC). Each subtype is characterized by specific molecular and epidemiological

features . Epidemiologic studies have suggested an increasing incidence of iBDC in most parts of the world.

Globally, the incidence and mortality rates of BDC show substantial geographical variations, which reflect, at least

partially, differences in geographical, environmental, and genetic risk factors .

BDCs are mainly characterized by a poor prognosis and a survival limited to a few months. The determinants of the

terribly poor prognosis are essentially late diagnoses, the absence of efficient therapies, and drug-resistance.

International practice guidelines recommend surgical resection followed by adjuvant therapy as the standard

curative approach. Although surgery is the preferred treatment option for all BDC subtypes, only a minority of

patients (approximately 30%) are suitable for this treatment. However, even in these cases, only a small

percentage (20–40%) benefit from the treatment in terms of overall survival. Moreover, a large part of BDC patients
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are diagnosed at an advanced stage and are not suitable for surgical treatment. Currently, the combination of

gemcitabine and cisplatin is the first-line chemotherapy for BDC patients with advanced-stage BDC who cannot be

subjected to surgical resection . However, the response rate is frequently characterized by a progressive disease

associated with a poor clinical outcome.

In recent years, the scientific community has put a great deal of effort into the discovery of new therapeutic

approaches for BDC, and into the identification of novel diagnostic, prognostic, and predictive biomarkers. The

successful applications of genomic technology to BDC molecular pathology led to the discovery of targeted therapy

as a promising therapeutic approach . In fact, next-generation sequencing platforms allowed us to identify

actionable drivers in BDC including genetic alterations in IDH (Isocitrate Dehydrogenase), FGFR2 (Fibroblast

Growth Factor Receptor 2), and RAF genes. Pemigatinib was the first therapeutic agent targeting the FGFR2 to be

approved in BDC, while other drugs targeting IDH and RAF are under investigation in clinical trials .

Immunotherapy, with immune checkpoint inhibitors, and tumor vaccines are emerging therapeutic strategies

currently undergoing clinical trials .

In the past few years, genomic analysis—extensively investigating the genome, exome, and transcriptome—

unveiled a novel class of RNA: the noncoding RNAs (ncRNA).

MicroRNAs (miRNAs) are small ncRNAs that play a pivotal role in regulating gene expression. It has been

demonstrated that miRNAs are aberrantly expressed in BDC and promote biliary carcinogenesis . Dysregulated

miRNA expression in cancer derives from alterations in various molecular mechanisms, including deletion or

amplification of miRNA-genes, altered transcriptional control of miRNAs, irregular epigenetic changes, and defects

in the biogenesis machinery .

Similar to other cancers, miRNAs are implicated in all steps of biliary carcinogenesis by functioning as oncogenes

(onco-miRNAs) or onco-suppressor (oncosuppressor-miRNA) genes (Figure 1). Their pro- and anti-tumorigenic

molecular function greatly influences all the cancer hallmarks, including supporting proliferative signaling, evading

cell death, and activating invasion and metastasis. Several clinical investigations proposed miRNAs as potential

biomarkers in cancer and highlighted their diagnostic and prognostic power . Furthermore, miRNA-based

therapeutic strategies have been recently developed and currently several clinical trials are assessing their efficacy

and safety .
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Figure 1. The impact of the miRNA in BDC carcinogenesis.

2. The Impact of the microRNA in Molecular Pathology of
BDC

In recent years, the development of powerful technological platforms, capable of performing high-throughput RNA

sequencing, allowed us to greatly expand the knowledge of the transcriptome and to reveal its complexity. In

particular, the complexity of the eukaryotic transcriptome was made evident by the identification of a new class of

RNAs with a structure and function clearly different from those previously known. Based on current knowledge, the

eukaryotic transcriptome can be divided into messenger (mRNA) or coding RNAs and a novel class of non-coding

RNAs (ncRNAs) .

The ncRNA represents a class of RNA that is transcribed but not translated into proteins. According to their length,

they can be further divided into two subtypes: (a) small ncRNAs ranging from 18 to 200 nucleotides and (b) long

ncRNA with length greater than 200 nucleotides . NcRNAs influences several physiological and disease

processes by playing a pivotal role in the regulation of gene expression.

The most widely studied class of ncRNAs is certainly the microRNA (miRNA). MiRNAs are small non-coding RNA

(18 to 24 nucleotides) transcribed by the RNA pol II (RNA polymerase II) and further processed in a small,

functionally mature RNA. The mature miRNA regulates target genes by binding to specific miRNA-responsive

regions in the 3′UTR (untranslated region). The binding between miRNA and its pair target gene causes target-
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mRNA degradation and/or translational inhibition . Several protein complexes take part in miRNA-mediated

gene expression regulation, including via the RISC (RNA-induced silencing complex) which participates in miRNA-

binding and further mRNA degradation . The imperfect base pairing between miRNA and the miRNA-binding site

makes miRNA an extremely complex and versatile regulatory agent, capable of fine-regulating hundreds of target

genes .

The Croce group identified two miRNA genes at the chromosome 13q14 region in B-cell chronic lymphocytic

leukemia cells, providing the earliest evidence of miRNA involvement in human cancer . The identification of two

miRNA genes, miR-15a and miR-16-1 initiated a series of further studies that revealed the key role of these

miRNAs in tumor suppression .

In the following years, advanced technologies to profile miRNAs facilitated the accumulation of evidence regarding

their aberrant expression in cancer. The miRNA expression profile has also been proposed as potential diagnostic

and prognostic biomarker .

Regarding their link to BDC, miRNAs have been shown to be implicated in almost all steps of biliarycarcinogenesis

by acting either as oncogenes (onco-miRNAs) or tumor suppressors (oncosuppressor-miRNAs) (Figure 1). An

extensive report of the miRNAs involved in BDC, which is comprehensive of their mechanism of action and their

targets, is presented in Table 1 and Table 2.

Table 1. MiRNAs acting as onco-miRNAs in BDC: their targets and molecular function.
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miRNA Target Gene Mechanism References

miR-26a GSK-3β; KRT19 Proliferation, migration, and invasion

miR-21
PTEN; PDCD4; TIMP3; PTPN14; 15-

PGDH/HPGD

Proliferation, apoptosis, EMT,

inflammation

miR-191 TET Proliferation, invasion, and migration

miR-181b-

5p
PARK2 Proliferation, migration, and invasion

miR-181c NDRG2
Proliferation, drug-resistance, and

metastasis
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Table 2. MiRNAs acting as oncosuppressor-miRNAs in BDC: their targets and molecular function.

miRNA Target Gene Mechanism References

MiR-30a-

5p
SOCS3 Proliferation

miR-25 DR4 Proliferation, invasion, and apoptosis

miR-10a-

5p
PTEN Proliferation

[28]

[29][30]

[31]

miRNA Target Gene Mechanism References

miR-34
MYC, MET, CDK4/6, BCL2, CD44,

NOTCH1, NOTCH2, JAGGED1
Proliferation, apoptosis

miR-101 EZH2, COX-2, APP, MCL-1, VEGF
Proliferation, apoptosis; angiogenesis,

inflammation; transcriptional repression

miR-22 SIRT1, CDK6, SP1, HDAC6

Proliferation, senescence, invasion,

metastasis; ciliogenesis, histone

modifications

miR-122 ALDOA, CLIC1 Proliferation and invasion

miR-29-3p ITGA6, ITGB1 Cell migration and invasion

miR-204 SLUG Cell migration, invasion, EMT

miR-320 VEGF, NRP-1
Proliferation, invasion, EMT, tumor

migration, and metastasis

miR-494 CCNB1, CDK2, CDK4, CDK6,

CCND1, CCNE2, HDAC1, RB1,

PLK1, PTTG1, TOP2A

Proliferation, cell cycle
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3. The Impact of miRNAs in Precision Medicine of BDC

In the last few years, the recent advances in the genomic knowledge of BDC have sped up the idea of ‘precision

medicine’. A precision medicine-based approach aims to select the most appropriate treatment dependent on the

specific molecular alterations displayed by a single patient. Due to the heterogeneity of BDC, the absence of

diagnostic predictive tools, and the inefficacy and toxicity of current treatment, a precision medicine approach could

greatly benefit the clinical management of BDC. Moreover, the specificity and sensitivity of available biomarkers

determined in serum and biopsy samples are not sufficient to assist in the clinical management of BDC. The

availability of predictive biomarkers, which could aid patient stratification and treatment response identification, still

represents an unmet clinical need. Extensive research is being carried out to identify novel biomarkers that could

contribute to a better understanding of the molecular pathogenesis of BDC, as well as to provide new diagnostic,

prognostic, and predictive tools .

4. The Impact of miRNA-Based Therapeutic in BDC

MiRNA-based therapy is emerging as a promising novel strategy to treat cancers. miRNA-based therapeutic

approaches operate by silencing overexpressed onco-miRNAs or replacing downregulated oncosuppressor-
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miRNAs . Several miRNA-based therapeutics are under investigation in clinical trials according to

www.clinicaltrials.gov (accessed on 22 January 2022) .

From the methodological point of view, the following strategies were adopted to efficiently perform onco-miRNA

silencing both in vitro and in vivo: anti-miRNA oligonucleotides (AMOs), anti-miRNA locked nucleic acid (LNA), anti-

miRNA sponges, and genetic knockouts based on the CRISPR/Cas9 genome-editing technologies . On the

other hand, miRNA replacement therapy has generally achieved restoration of onco-suppressor-miRNA by

introducing synthetically modified oligonucleotides (miRNA mimics) or viral vectors .

However, while promising, miRNA-based therapeutics has raised the following issues to be considered: delivery,

selectivity to specific target cells, degradation, and toxicity. Chemical modification of nucleotides or of the RNA

backbone through methylation or LNAs, together with the development of vehicles to encapsulate the RNAs, are

the main strategies put in place to protect miRNA from degradation . Moreover, toxicity and side effects

represent perhaps the biggest obstacle so far encountered in miRNA-based therapeutics . Viral and non-viral

vectors have been developed to improve delivery efficiencies to target cells, but the risk of adverse immunogenicity

has restricted their use. Lipid-based and polymer-based nanoparticles (NPs) resulted as promising technical

approaches as they guarantee efficient delivery and a good safety profile .

MRX34, a formulation based on miR-34 mimics in liposomal particles, was the first miRNA restoration strategy

performed, subsequently entering a clinical trial recruiting patients with solid tumors, including hepatocellular

carcinoma . Preliminary results emerging from clinical investigations reported a good safety profile and

significant anticancer activity for MRX34 treatment . Recent findings showing the inhibition of BDC cell growth

by the miR-34 mimic strongly suggested that miRNA-34-based therapy may be a potential efficient and safe

therapeutic approach in BDC .
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