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Abstract

The most studied physiological function of biliary epithelial cells (cholangiocytes) is to regulate 

bile flow and composition, in particular the hydration and alkalinity of the primary bile secreted by 

hepatocytes. After almost three decades of studies it is now become clear that cholangiocytes are 

also involved in epithelial innate immunity, in inflammation, and in the reparative processes in 

response to liver damage. An increasing number of evidence highlights the ability of 

cholangiocyte to undergo changes in phenotype and function in response to liver damage. By 

participating actively to the immune and inflammatory responses, cholangiocytes represent a first 

defense line against liver injury from different causes. Indeed, cholangiocytes express a number of 

receptors able to recognize pathogen- or damage-associated molecular patterns (PAMPs/DAMPs), 

such as Toll-like receptors (TLR), which modulate their pro-inflammatory behavior. 

Cholangiocytes can be both the targets and the initiators of the inflammatory process. 

Derangements of the signals controlling these mechanisms are at the basis of the pathogenesis of 

different cholangiopathies, both hereditary and acquired, such as cystic fibrosis-related liver 

disease and sclerosing cholangitis.
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1. Introduction

“Cholangiopathies” are chronic diseases of the biliary tree that if untreated, may progress to 

biliary-type cirrhosis, liver decompensation or liver cancer. These conditions are rare 
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individually, but frequent as a group and are the cause of significant morbidity and mortality 

in the pediatric and young adult population. Pathogenesis and treatment of these conditions 

are not well known; indeed understanding the cholangiopathies represent one of the major 

unmet needs in Hepatology (1, 2).

The main cell target in cholangiopathies is the epithelium lining the bile ducts (i.e 

cholangiocytes). Intrahepatic cholangiocytes, particularly those lining the smallest portions 

of the biliary tree are the first site of reaction to most kinds of biliary injury. In response to 

several types of damage and inflammatory insults, cholangiocytes show the property of 

plasticity and acquire the active phenotype of reactive ductular cells (RDC) characterized by 

de novo secretion of a number of pro-inflammatory and pro-fibrotic cyto/chemokines. RDC 

have similarities with liver progenitor cells, but possess a reparative function, rather than 

regenerative function, and therefore are strongly associated with development of liver 

fibrosis. Thus, cholangiocytes and the resulting RDC are active players in the inflammatory 

reaction leading on one hand to liver repair, on the other to liver fibrosis and eventually 

cancer (2, 3).

Chronic inflammation (even of very low grade) is the pathophysiological engine leading to 

the main pathological and pathophysiological manifestations of cholangiopathies. This 

working hypothesis, drafted on a paper napkin in 2011 together with Nick LaRusso at the 

“ra Stua” Hutte in the Italian Alps, became figure 1 of a review article in Gastroenterology 

(2004) (1), and remains figure 1 also of this review.

2. Inflammation and cholangiocytes in liver damage

In conditions leading to cholangiopathies, the biliary epithelium is exposed to cytokines and 

inflammatory mediators produced by infiltrating lymphocytes, macrophages and activated 

myofibroblasts, as well as to danger associated molecular patterns (or DAMPs) released 

from nearby damaged liver cells, including hepatocytes and non-parenchymal liver cells. 

Furthermore, cholangiocytes are exposed to bacterial products (called pathogen associated 

molecular pattern or PAMPs) originating from the intestine and bloodstream (4).

These pro-inflammatory factors stimulate cholangiocyte proliferative responses, and the 

secretion of pro-inflammatory cytokines and chemokines. In a first study published in 2001, 

our group showed that IL1β, IL6, TNFα, and IFNγ alone, but, especially in combination, 

caused ductular cholestasis by interfering with cAMP-dependent ion transport mechanisms 

(5). As a result, biliary fluid and bicarbonate secretion were inhibited. This study established 

an important relationship between inflammation and secretory function of cholangiocytes.

In a follow-up study (6) we also found that exposure to the above cytokines upregulated 

biliary epithelia expression of nitric oxide synthase 2, inducible (iNOS). Addressing the role 

of nitric oxide (NO) in biliary inflammation, we observed that upregulation of iNOS 

generates micromolar concentrations of NO, resulting in the formation of reactive nitrogen 

oxide species (RNOS) and nytrosylation of important signaling and transport proteins. In 

particular, we have shown that TNFα, and IFNγ (pro-inflammatory cytokines potentially 

involved in inflammatory cholangiopathies) stimulate NO production in cultured 
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cholangiocytes and that micromolar concentrations of NO inhibit adenylyl cyclase (AC) 

activity, cAMP-dependent fluid secretion, as well as cAMP-dependent Cl− and HCO3
− 

transport mediated by CFTR and by AE2, respectively (6). Interestingly, we demonstrated 

that the same effects were elicited by lipopolisaccaride LPS (see below). Of further interest 

was that the cholestatic effects of NO and of pro-inflammatory cytokines were prevented by 

iNOS inhibitors and by agents able to block the formation of RNOS (6). By 

immunohistochemistry, iNOS was expressed in the bile duct and RDC of a series of chronic 

liver diseases, indicating that these mechanisms may actually be of pathophysiological 

relevance in humans, in vivo (6).

Indeed, a strong reactivity for iNOS was reported in cholangiocytes of lipopolysaccharide 

(LPS)-treated rats, a model of sepsis-associated cholestasis (6). The finding that the 

inhibitory effects of pro-inflammatory cytokines on cholangiocyte secretion and cAMP 

production are mediated by iNOS induction and NO production may explains the 

histological features of the “cholangitis lenta” of sepsis, but also may link chronic 

inflammation with the cholestatic manifestations in the florid phases of cholangiopathies (1).

Consistent with this interpretation, we found that in PSC, biliary structures, including 

interlobular and septal ducts, strongly expressed iNOS and nytrotyrosine, suggesting that the 

bile ducts of PSC are indeed inflamed (6). RNOS, interfering with cAMP-mediated fluid and 

electrolyte transport, may cause a reduction in bile hydration and alkalinity that would 

further increase bile duct and hepatocellular damage (this would be now called disruption of 

the bicarbonate umbrella) (7). Positive nitrotyrosine immunoreactivity in PSC samples 

confirms the potential role of RNOS and protein nitrosylation in vivo (6). As iNOS 

expression is regulated by NF-kB, these data represent one of the first indications that NF-

kB is upregulated in PSC. This can be a consequence or most likely the cause of the disease 

(see below). Given the harmful effects of NO on cholangiocyte secretory functions and on 

DNA repair mechanisms, we suggested that selective inhibition of iNOS expression should 

be of potential clinical relevance.

Furthermore, these data provided one of the first functional proofs of the presence in 

cholangiocytes of Toll-like receptors (TLRs) that are activated in response to endotoxins (i.e 

LPS) (8, 9).

Cytokines release in the setting of inflammation might also affect the barrier function of the 

biliary epithelium. This function is preserved, in physiologic conditions, by the functional 

interaction of a cell-cell junctional complex of proteins that includes tight-junctions, 

adherens junctions and F-actin cytoskeleton (10). Our earlier studies show that the exposure 

of polarized monolayers of cholangiocytes to cytokines increases the permeability of the 

epithelium to small dextrans (10KDa) (5). This is consistent with an increase of the 

paracellular transit possibly mediated by a defective function of the tight junctions. A similar 

effect was later described in cholangiocytes isolated from CFTR-KO mice, where an 

aberrant activation of TLR4-NF-kB signaling decreases the epithelial barrier function by 

destabilizing actin microfilaments and cell-junctional complexes (11).
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This pathogenetic mechanism could ultimately contribute to cholestasis since a decrease of 

the barrier function increases the back-diffusion of toxic bile acids, resulting in further 

peribiliary inflammation and fibrogenesis.

3. Cholangiocytes and innate immunity

Because of its anatomical localization, and vascular connections with the intestine, the liver 

is exposed to high amounts of toxic products derived from the microbiota. Human bile under 

physiological and pathological conditions may contain bacterial components. 

Cholangiocytes participate to mucosal immune response not only by secreting IgA into the 

bile (12, 13), but also using a number of innate immune defenses (14, 15). As shown in acute 

cholangitis from C. parvum (16) the biliary expression of the β-defensin hBD2 is up-

regulated in infectious cholangiopathies, dependent the stimulation of toll-like receptors that 

lead to the activation of NF-kB. Moreover, hBD2 expression on cultured cholangiocytes can 

be induced by stimulation with TNFα and IL1β, whose release in the portal tract is 

increased in several chronic cholangiopathies (17).

In physiological conditions, cholangiocytes are involved in protection of the biliary tree 

against gut-derived pathogens and toxins, mainly by activating Toll-like receptors (TLRs) 

(16), nuclear receptors (NRs) (18), and producing anti-microbial peptides. The biliary 

epithelium expresses TLRs (8, 9).

TLRs belong to a family of type I transmembrane proteins that recognize and discriminate 

between PAMPs (i.e LPS, Flagellin, DNA, RNA) but also endogenous components or 

DAMPs deriving from necrotic cells. Studies by Takeda et al. and Szabo et al. show that 

cholangiocytes specifically express TLR 2, 3, 4, 5, and 9 which bind to ligands such as 

bacterial molecules, double-stranded RNA, gram-negative lipopolysaccharide (endotoxins) 

and flagellin but also endogenous mediators as hyaluronan and HMGB1 (9, 19). TLR2 is a 

receptor for the lipoteichoic acid (LTA), a component of the bacterial membrane, TLR3 is a 

sensor for viral dsRNA and is upregulated in primary biliary cirrhosis and biliary atresia (20, 

21). TLR9 is a receptor for CpG DNA, a DNA typical of bacteria, and was reported to be 

up-regulated in PSC(22).

Signal transduction in response to TLRs results in the recruitment of TIR-domain containing 

adaptor molecules (MyD88, Mal, TRIF and TRAM) and activation of intracellular signaling 

pathways that upregulate NF-κB-dependent proinflammatory gene expression. TLR4 

signaling is the best described and is the main sensor for LPS. In response to LPS binding, 

TLR4 dimerizes and activates an intracellular signal cascade that results in NF-kB nuclear 

import and activation. Once into nucleus, the NF-kB subunit p65 regulates the transcription 

of a wide range of pro-inflammatory cytokines and chemokines, including tumor necrosis 

factor (TNFα), IL1, IL6, IL8, IL12, G-CSF and LIX (8, 9, 23).

In addition to bacterial-derived molecules, the biliary epithelium also reacts to DAMPS, also 

known as alarmins. DAMPs represent a group of molecules normally retained inside the 

cells, where they participate in different intracellular functions, that upon injury can be 

released into the extracellular environment and be recognized as endogenous ligands by 

Strazzabosco et al. Page 4

Biochim Biophys Acta. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



TLRs (24, 25). Several studies have shown that these “danger signals” are sensed by TLRs 

of neighboring cells, such as TLR2-4-5-9, and activate mechanisms similar to those 

classically used by PAMPs (26). This leads to stimulation of the NF-κB-dependent 

cytokines/chemokines secretion and recruitment of immune cells at the site of injury. 

Because of their importance in several human diseases, the most studied DAMPs are 

HMGB-1, S100 proteins (S100A8-9-12) and several Heat-shock proteins (HSPs), together 

with nuclear DNA complexes and purine nucleotides (ATP) (24).

The liver and in particular the biliary epithelium is continuously exposed to bacterial 

products coming from the gut microflora. In cholangiocytes, the TLR system is tightly 

regulated and in physiologic conditions, little or no inflammation occurs, thus avoiding an 

exaggerated response that could lead to autoimmune or chronic inflammatory disorders (27). 

The malfunction of one or more of these check points regulating immune tolerance in 
cholangiocytes may elicit an exaggerated inflammatory responses to pathogens or 
endotoxins eventually present in the bile. This protective mechanisms that prevent/reduce 
the damage to the epithelium infact may be altered in a number of cholangiopathies (figure 

1).

These findings are even more relevant now, in the light of the hypothesized changes in innate 

immunity and in gut microbioma in PSC and other liver diseases (28, 29).

Experimental evidence supports the pathophysiological role of these mechanisms in cystic 

fibrosis related liver disease (CFLD) (11, 30, 31), congenital hepatic fibrosis (CHF) (32) and 

possibly sclerosing cholangitis. CFLD, was considered to be the prototypic chronic 

cholangiopathy caused by reduced ductal bile flow generation and reduction in biliary 

chloride and bicarbonate secretion resulting by the dysfunction of CFTR, but it is now clear 

that the main pathogenetic event is a lack of tolerance in the innate immune system (30). 

When CFTR, the apical Cl− channel, is defective, TLR4-dependent inflammatory responses 

are upregulated. In CFTR-KO mice, experimental colitis induced by dextran sodium sulfate 

stimulates a brisk inflammatory response centered on the bile ducts that is not observed in 

WT littermates. This response is characterized by an abundant peribiliary accumulation of 

CD45+ inflammatory cells including macrophages and neutrophils, and results from a 

dysregulation of the TLR4/NF-κB axis caused by an aberrant activation of Src tyrosine 

kinase (30). In normal conditions, Src is sequestered and maintained in an inactive state by a 

multiprotein complex, composed by CFTR together with the bridge proteins EPB-50, Cbp, 

and Csk. Absence of CFTR at the apical membrane, as in certain CF patients, leads to the 

lack of assembly of this complex and a persistent activation of Src that in turn, 

phosphorylates TLR4, further stimulating the production of pro-inflammatory cytokines in 

response to PAMPs (11).

This newly described mechanism has great translational potential as it indicates that 

treatment should not be limited at improving ductal secretion, but at controlling 

inflammation as well. In a mouse model of CFLD (CFTR-KO mice), our group has shown 

that PPAR-γ agonists, such as pioglitazione and rosiglitazione, are able to reduce the 

production of pro-inflammatory cytokine by CFTR-KO cholangiocytes in vitro. In addition, 
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PPAR-γ agonists significantly decreased the inflammatory infiltrate, and biliary damage in 

CFTR-KO mice treated with DSS (31).

Nuclear receptors (NRs) are a wide group of transcription factors well represented in the 

liver where they control a range of fundamental physiological functions, from detoxification 

from bile acids (VDR, FXR), to bile secretion (GR, FXR) (18). Among them, the 

peroxisome proliferator-activated receptors (PPARs) have been extensively studied and 

characterized. VDR, LXRs and PPARs, acting as negative regulators, are able to trans-

repress the pro-inflammatory signals stimulated by PAMPs. All PPARs isoforms can 

suppress the pathways activated by the PAMPs-TLRs interaction. PPAR-α, PPAR-β/δ, and 

PPAR-γ, are all expressed, at different levels, in normal cholangiocytes. Among them, 

PPAR-γ modulates LPS-induced pro-inflammatory phenotype in CF cholangiocytes, by up-

regulating the expression of IkBα, a negative regulator of NF-kB (31).

4. Inflammation, “parainflammation” and autoinflammatory diseases

The biliary epithelium is a preferred target of inflammatory and immune injury to the liver. 

In inflammatory cholangiopathies, both innate and adaptive immune responses are often 

sequentially, or simultaneously involved. Stimulation of innate immune responses (see 

above) by exogenous or endogenous insults (including damage to nearby cells or to 

hepatocytes) generates an inflammatory reaction that, if protracted, may then self-sustains 

and perpetuates thanks to the activation of adaptive immune mechanisms (33).

Among the endogenous stimuli able to generate an inflammatory reaction in the biliary tree, 

cell dysfunction caused by genetic defects plays a distinctive role. Genetically transmitted 

defects may cause cell/tissue malfunction (stress, altered metabolisms) rather than an overt 

cell injury. These stress conditions affecting the homeostatic balance of physiological 

systems are therefore different from those involved in host defense or tissue repair. These 

conditions do not develop a classic inflammatory response, but rather generate a chronic 

inflammation of low magnitude (that Ruslan Medzhitov defined as ‘parainflammation’) and 

it is aimed at restoring a normal cell/tissue homeostasis, rather than defend the host against 

pathogens (34, 35). As proposed by Medzhitov, parainflammation is an adaptive response to 

a persistent cell dysfunction shifting the homeostatic set points (35, 36). Unfortunately, in 

spite of its homeostatic nature, persistent parainflammation becomes maladaptive and may 

stimulate a fibrotic response.

Diseases caused by genetic mutations of critical proteins expressed by the biliary epithelium 

in different cell compartments such as the cellular membrane, the primary cilium, and the 

ER, are paradigmatic of these processes. Again a useful example is CFLD. In this condition, 

lack of the cystic fibrosis conductance regulator protein (CFTR) at the apical membrane of 

cholangiocytes impairs the regulation of TLR4-dependent innate immunity response. As 

result the biliary epithelium loses its endotoxin tolerance, and generates an enhanced 

inflammatory response, when challenged with TLR4 agonists (several PAMPS and 

DAMPs). The para-inflammatory process set in motion by the cell dysfunction generates a 

pro-inflammatory reactive phenotype in the biliary epithelium, the release of cyto/

chemokines and the infiltration of the portal spaces with inflammatory cells (30).
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Recent studies in mouse models of congenital hepatic fibrosis (CHF) further highlight the 

mechanisms linking genetically transmitted cholangiocyte dysfunction to biliary fibrosis 

through parainflammation. CHF is a rare disease, characterized by altered architecture of the 

biliary tree and extensive biliary fibrosis, leading to severe portal hypertension and its 

complications(37). CHF is caused by mutations in PKHD1, the gene encoding for 

fibrocystin (FPC), that is a ciliary protein expressed by ductal epithelial cells (37). The 

function of FPC is still unknown, and a variety of cellular functions, including proliferation, 

differentiation, tubulogenesis, planar cell polarity and cell-matrix interaction seem to be 

influenced by FPC. Biliary cysts, which originate from the abnormal remodeling of the fetal 

ductal plate structures, progressively enlarge in association with a dense fibrosis and a portal 

inflammatory infiltrate (38, 39). In this pathogenetic sequence, in sharp contrast with 

acquired cholangiopathies where portal fibrosis is associated with cell necrosis or apoptosis, 

an overt necroinflammation of the biliary epithelium is typically absent (39).

Using a mouse model of CHF (Pkhd1del4/del4), we showed that in the early phase of the 

disease, FPC-defective cholangiocytes recruit inflammatory cells, mostly macrophages, by 

secreting a variety of chemokines, such as CXCL1, CXCL10, and CXCL12 (32). 

Chemokines secretion was orchestrated by β-catenin, a signalling molecule whose nuclear 

translocation and activity are increased in Pkhd1del4/del4 mice following its cAMP/PKA-

mediated phosphorylation at the unusual serine-675 residue, which prevents its proteosomal 

ubiquitination (40). Recruited macrophages secrete TNF-α and TGF-β that up-regulate in 

cholangiocytes the expression of αvβ6 integrin, an activator of latent TGF-β, an epithelial 

feature commonly observed in response to duct injury and inflammation (32). In the initial 

phase of fibrosis, αSMA-positive myofibroblasts are scarce and the peribiliary infiltrate is 

dominated by classically activated, iNOS expressing M1 macrophages. The number of portal 

myofibroblasts increases after 6 months of age, along with an increase in alternatively 

activated M2 macrophages, leading to increased fibrosis and development of portal 

hypertension. Interestingly, inhibition of macrophage recruitment in vivo by clodronate 

before the development of portal hypertension, reduced the recruitment of portal 

myofibroblasts and portal fibrosis (32). Further studies by our group (41) indicate that 

selective blockade of CXCL10/CXCR3 signaling reduces fibrosis, liver cyst growth and 

macrophage infiltration in Pkhd1del4/del4 mice indicating that in this parainflammatory 

context, a major pathogenetic role is played by this specific chemokine axis. The recent 

finding that increased secretion of CXCL10 is actually under the control of IL-1β (and 

therefore pSTAT3 and NF-kB), pinpoints CHF as an autoinflammatory disease. Thus, CHF 

can be considered the archetype of a model of liver fibrogenesis generated by a 

parainflammatory response to the loss of physiological homeostasis in cholangiocytes.

The maturation of IL-1β and IL-18, produced as an effect of stimulation of innate immunity, 

requires the activation of inflammasome. These are multi-protein complexes that, by 

cleaving the inflammatory pro-proteins into their active, secretory forms, promote 

inflammation (33, 42). Stimulation of inflammasome may also lead to pathological 

responses as sterile inflammation or autoimmunity, whereas a defective inflammasome 

response may increase the susceptibility to pathogens. As shown by Maroni et al., the NLP3 

inflammasome is increased in reactive cholangiocytes in patients with PSC and in rodent 
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models of biliary damage. The same authors also reported an increase in IL-18 expression 

following treatment of cultured cholangiocytes with LPS (43).

As previously mentioned, in the pathogenesis of inflammatory diseases, a critical aspect is to 

distinguish the degree of involvement between the innate and adaptive immune system. The 

term ‘autoinflammation’ has been introduced in the last few years, to highlight the type of 

inflammation sustained by abnormal innate immune responses without involvement of the 

adaptive immune system, which is classically, associated with the production of 

autoantibodies or activation of autoreactive T cells. In contrast with autoimmunity, in 

autoinflammation innate immune cells are directly activated by endogenous or exogenous 

insults, which “light the fire within” (44).

5. Sclerosing cholangitis

Sclerosing Cholangitis is a group of chronic inflammatory diseases of the intrahepatic and/or 

extrahepatic biliary tract characterized by peribiliary inflammation and obliterative fibrosis 

leading to strictures and cholestasis, ductopenia, and eventually biliary cirrhosis. As in other 

chronic inflammatory diseases, development of malignancies (cholangiocarcinoma and 

eventually colon cancer) is possible. The etiology and pathophysiology of PSC remain 

unclear and lack of experimental models has hampered this area of research(45–48).

Sclerosing cholangitis is likely a pathological manifestation of a number of different 

conditions. As shown in table 1, the list of conditions known to be associated with a 

sclerosing cholangitis is growing and ranges from genetic diseases of channels and 

transporters in the biliary epithelium or in the hepatocytes, to ischemic damages, infections 

and autoimmune diseases. Also under the term of Primary Sclerosing Cholangitis there is 

probably still a number of similar pathophysiological mechanisms, whose etiology is not 

clear at present. The conditions are usually not associated with inflammatory bowel diseases 

(IBD).

The association with IBD actually shows strong geographical variation ranging between 

80% in Nordic European countries, to 40–50% in Mediterranean countries, to 30% in Japan. 

Nevertheless, several observations and genetic studies indicate that PSC and colitis is 

probably a different condition from isolated IBD i.e. “a syndrome of concurrent bile duct 
fibrosis and right-sided colitis and neoplastic predisposition at both of these sides” that has 

most likely an autoimmune pathogenesis, as shown by genomics studies (49). However, as 

only a minority of patients with inflammatory bowel disease (IBD) develop PSC, it is not 

clear if this syndrome results from a predisposition of the biliary epithelium to inflammatory 

reactions. It might be that two hits are required: a predisposition to biliary inflammation and 

a second genetic or most likely environmental factor. It is worth mentioning that diseases of 

the innate and of the adaptive immunity are actually two extremes in a continuum spectrum 

of disease conditions and clinical manifestations and there is not a hiatus between 

inflammatory and autoimmune manifestations (or between innate and adaptive immunity).

The association with IBD indicates that PSC may be caused by aberrant immune responses 

of the biliary epithelium to PAMPs that enter the portal circulation through a more 
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permeable intestinal mucosa (‘leaky gut’ hypothesis) (50). However, retention of toxic bile 

acids able to damage the biliary epithelium has been also proposed as an alternative 

hypothesis (‘toxic bile’ hypothesis) (51). A unified mechanism able to explain the 

pathophysiology of the disease is lacking. However, these two views may converge if we 
hypothesize that in PSC, the biliary epithelium possesses an increased reactivity to PAMPs 
and to DAMPs respectively released by the leaky gut or because of bile acid-induced liver 
cell damage. This hypothesis implies that a change in cellular homeostasis in cholangiocytes 
is the cause of PSC, rather than the consequence of the disease.

Consistent with this hypothesis, our preliminary and recently published studies suggest that 

pro-inflammatory cytokines and endotoxins induce inappropriate innate immune responses 

in activated cholangiocytes in patients with PSC (52). Preliminary evidence suggests that 

cholangiocytes isolated from PSC patients show higher NF-κB transcriptional activity and 

IL-8 secretion when challenged with LPS, providing evidence that IL-8 in cholangiocytes is 

increased in a cell-autonomous way, and suggesting enhanced innate immune responsiveness 

to endotoxins. Furthermore, IL-8 was shown increased in bile of patients with PSC (53). 

Previously published data (54) and our own preliminary data show increased IL-8 secretion 

and NF-kB transcriptional activity in isolated and cultured PSC cholangiocytes 

(Strazzabosco unpublished data). Increased expression of NO in bile ducts in PSC suggests 

activation of the NF-kB pathway (6). Furthermore, Th17 response to pathogen stimulation is 

increased in patients with PSC (55). Also, Maroni et al. recently reported an increase in 

Nlrp3 inflammasome expression in the reactive epithelia in biopsies of patients with PSC 

(43).

Persistent exposure to DAMPs and PAMPs can also trigger cell senescence. This is normally 

a protective mechanism initiated by the cell to avoid neoplastic transformation. However, if 

the damage does not resolved, senescent cells can transition to a pathologic reactive 

phenotype, characterize by hypersecretion of cytokines (e.g IL-6) and chemokines (IL-8), 

also known as senescence-associated secretory phenotype (SASP). Tabibian et al. has 

demonstrated the presence in PSC of senescent and SASP cholangiocytes together with Ras 

activation, a mediator of senescence, suggesting senescence as an additional mechanism 

contributing to initiation and persistence of the inflammatory response (56).

In aggregate, the above findings are consistent with the hypothesis, that the central 
pathogenetic mechanism of PSC may be based on aberrant activation of the biliary innate 
immunity following exposure to PAMPs coming from a leaky intestine or DAMPs released 
in response to bile acid toxicity.

Genomic studies recently reviewed by Jiang and Karlsen (49) have identified a series non-

HLA and more susceptibility loci with notable candidate genes, some of them expressed in 

the liver or in the gut. Some of them are genes implicated in innate immunity, some 

implicated with adaptive immunity. The function of these genes for the most part is not 

understood, and therefore now the ball is in the court of the cell biologist.
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6. Conclusions

Consistent with the ability of cholangiocytes to mount a reparative response to many forms 

of liver damage, the biliary epithelium is heavily involved in inflammation and innate 

immunity. Reactive cholangiocytes produce a wide range of soluble factors involved in 

inflammation, such as cytokines, chemokines and growth factors. The imbalance of signals 

that modulate inflammatory responses in cholangiocytes is emerging as a new pathogenetic 

mechanism in specific biliary disease settings.

Production of inflammatory mediators in epithelial cells may also be triggered by a 

genetically determined dysfunction of the epithelial cells CFLD and CHF are two examples 

relevant for human diseases. In these conditions, a low level inflammatory reaction 

stimulates secretion of pro-inflammatory cytokines and chemokines that enable 

cholangiocytes to recruit macrophages and/or neutrophils to the peribiliary region. These 

observations support the concept that a genetically determined epithelial cell dysfunction 

may trigger a persistent low level, but long-lasting, inflammatory response, which may 

ultimately lead to organ scarring, a process called ‘parainflammation’ or auto-inflammation. 

We hypothesize that this phenomenon may be also relevant in PSC.

This hypothesis will be tested studying the response of human PSC cholangiocytes to TLR 

agonists. The latest advances in stem cell technology offer the possibility of generating two 

in vitro models of human cholangiocytes, one derived from induced-pluripotent stem cells 

(iPSCs) (57–59) and the second from isolated biliary stem cells expanded in vitro as 

bipotent stem cells in 3D organoids (60, 61). The greatest advantage of iPSCs is that they 

can be derived from biopsy samples (i.e skin, blood) and they maintain a very high 

replicative potential that provides an unlimited source of patient-specific cells able to 

differentiate into the somatic cell of interest and may provide a valuable source to test the 

efficacy of personalized treatments. On the other hand the organoids have a long-term 

genetic stability in culture and do not require a transdifferentiation protocol (61).

We believe these recent advances, shed some light on an important pathophysiological 

aspect of many forms of cholangiopathies, however to achieve a thorough knowledge of the 

complex immunological functions played by cholangiocytes, both in normal and diseased 

conditions, further studies are needed.
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Abbreviations

RDC reactive ductular cell

DAMPs danger associated molecular patterns

PAMPs pathogen associated molecular patterns
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cAMP cyclic adenosine monophosphate

NOS nitric oxide synthase

RNOS reactive nitrogen oxide species

CFTR cystic fibrosis transmembrane conductance regulator

AE2 anion exchange protein 2

LPS lipopolysaccharide

PSC primary sclerosing cholangitis

TLR Toll-like receptor

hBD2 human beta defensing 2

NR nuclear receptor

MyD88 myeloid differentiation primary response gene 88

Mal MyD88 adapter like

TRIF TIR-domain-containing adapter-inducing interferon-β

TRAM TRIF-related adaptor molecule

G-CSF Granulocyte-colony stimulating factor

LIX Lipopolysaccharide-induced CXC chemokine

HMGB-1 High mobility group box 1 protein

ATP Adenosine triphosphate

HSP Heat shock protein

PPAR-γ Peroxisome proliferator-activated receptor gamma

VDR vitamin D receptor

FXR farnesoid X receptor

GR glucocorticoid receptor

CHF congenital hepatic fibrosis

PKHD1 Polycystic Kidney And Hepatic Disease 1

FPC fibrocystin

CXCL1 chemokine ligand 1

CXCL10 C-X-C motif chemokine 10

CXCL12 C-X-C motif chemokine 12
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IBD inflammatory bowel disease

Nlrp3 NLR Family Pyrin Domain Containing 3

iPSC induced pluripotent stem cells
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Highlights

• Cholangiocytes are active players in inflammatory and reparative processes 

during liver insults.

• Chronic inflammation is the pathogenetic factor in cholangiopaties.

• Altered adaptive cholangiocytes immunity mechanisms may elicit an 

exaggerated inflammatory response to pathogens or endotoxins.

• Genetic dysfunction in biliary cells may stimulate low-grade inflammatory 

processes that cause liver damage and fibrosis.

Strazzabosco et al. Page 15

Biochim Biophys Acta. Author manuscript; available in PMC 2019 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Pathogenetic working model for cholangiopathies
Modified from Lazaridis KN, Strazzabosco M, LaRusso NF. Cholangiopathies: Disorders of 

biliary epithelia. Gastroenterology 2004; 127: 1565–15771, with permission from Elsevier.
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Table 1

Conditions associated with sclerosing cholangitis.

Sclerosing Cholangitis Cause Intestinal manifestations

Primary Unknown a ‘syndrome” of concurrent bile duct fibrosis, right-sided colitis and a neoplastic 
propensity at both these sites

Secondary Cystic Fibrosis Yes/no

ABCB4 deficiency no

Choledocolithiasis no

Ischemic cholangitis no

Portal hypertensive biliopathy no

AIDS Cholangiopathy no

Recurrrent pyogenic cholangitis no

IgG4-associated cholangitis Yes/no

Mast-cell cholangiopthy no

Bile duct surgery no

Abdominal trauma no
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