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The neglected biliary mucus and its phosphatidylcholine content: 
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Abstract: Primary sclerosing cholangitis (PSC) is a rare progressive cholangitis resulting in cirrhosis and 
cholangiocellular carcinoma. The pathogenesis is unclear and an effective medical therapy is not available. 
It is highly associated to ulcerative colitis for which recently a disturbance of the tight junction (TJ) barrier 
has been claimed as etiologic feature. Genetic mouse models with intestinal TJ disruption showed a defective 
transport of phosphatidylcholine (PC) to intestinal mucus. Consequently, an ulcerative colitis phenotype 
developed. In the present study we evaluate whether there is also a paracellular transport of PC through TJ 
to the apical side of cholangiocytes. As in ulcerative colitis, a TJ defect could lead to deficient PC in biliary 
mucus. It would impair the protective barrier against aggressive bile acids in bile. Indeed with polarized 
biliary tumor cells a vectorial transport of PC from basal to luminal side was demonstrated using a transwell 
culture system. PC was not taken up by the cells but moved paracellularly via TJ to the apical side driven 
by luminal HCO3− generated by the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) 
and the anion exchange protein 2 (AE2). If such a TJ-mediated PC translocation to the apical surface of 
cholangiocytes could be disrupted in a genetic mouse model, a PSC phenotype would be expected. With 
such an experimental model functional operative therapies can be evaluated. We propose that disruption of 
TJ mediated paracellular transport of PC to the apical side of cholangiocytes could lead to biliary mucus PC 
depletion. This may be a pathogenetic factor for development of PSC.
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Introduction

The pathogenesis of PSC is unknown and there is no 
medical therapy available. Therefore, the prognosis without 
liver transplantation is limited. Ulcerative colitis and PSC 
are epidemiologically linked. We reviewed the evidence of 
a possible common pathogenetic background. This could 
have implication for new therapeutic approaches.
We present the following article in accordance with the 
NARRATIVE REVIEW reporting checklist (available at 
http://dx.doi.org/10.21037/atm-20-3591).

Methods

The literature was combed through via PubMed according 
to the listed keywords. We considered German and English 
original publications (basic science and clinical), reviews and 
abstracts of the last 30 years.

Epidemiology

Primary sclerosing cholangitis (PSC) is a chronic 
progressive disease of unknown pathogenesis leading 
from inflammation of the biliary tree to sclerosing 
cholangitis and finally to biliary cirrhosis and eventually 
to cholangiocellular carcinoma (1). It occurs with a 
frequency of 10 cases/100,000 inhabitants and manifests 
predominantly in males (70%) between 30–40 years of age. 
However, numbers vary from country to country with a 
higher incidence and prevalence in Northern European 
countries. The fact that about 5% of patients with ulcerative 
colitis develop PSC explains why most of PSC patients 
(70%) have concomitant ulcerative colitis (1,2). Both 
diseases do not necessarily appear at the same time and in 
some cases the cholangitis occurs years before ulcerative 
colitis. The colitis in PSC patients is predominant in the 
right colon with an increased risk of colon cancer. Even 
after liver transplantation the occurrence of ulcerative 
colitis has been reported (1).

Clinical presentation

Patients may be asymptomatic or complain as in other cholestatic 
conditions about fatigue (6%) and pruritus (10%) (3). Further 
symptoms are pain in the upper right abdomen due to an 
enlarged liver (44%), in the later cirrhotic state patients 
reveal splenomegaly (39%), jaundice (6%), weight loss and 

episodes of fever. An overlap with autoimmune hepatitis is 
observed in 35% of children and 5% of adults. About three-
fourth of patients develop gallstones and bile duct stones. 
Osteoporosis occurs as also in other chronic cholestatic 
diseases.

Natural course of PSC

From the asymptomatic state patients develop over an 
unpredictable time frame clinical symptoms (4). At advanced 
disease stage with a sclerosing cholangitis phenotype, 
bacterial infections of the biliary tree occur episodically 
which enhance disease progression and require antibiotic 
therapy (3). Cirrhosis with portal hypertension and their 
respective complications implicate end stage liver disease. 
In this situation liver failure gradually develops. There is an 
increased risk for development of cholangiocarcinoma (400-
fold higher risk as in the general population, cumulative 
30-year incidence 20%), even at that young age of patients. 
Therefore, the prognosis is unfortunate (4).

Diagnosis

Laboratory evaluation shows elevated cholestatic 
enzymes, e.g., alkaline phosphatase (AP) and gamma 
glutamyltransferase (GGT) as well as later also conjugated 
hyperbilirubinemia. In 50% of patients IgM and/or 
autoantibodies [antinuclear antibodies (ANA), anti-
smooth muscle antibodies (ASMA), anti-neutrophil 
cytoplasmatic antibodies (ANCA)] and in 10% IgG4 are 
elevated. The latter of which is associated with a more 
progressive course often responding to steroid treatment 
(3,5). The involvement of liver parenchyma leads to 
elevated transaminases (ALT and AST). Liver function 
can be monitored by determination of cholinesterase and 
measurement the international normalized ratio (INR) as 
well as creatinine, reflecting concomitant renal failure. The 
Model for End-stage Liver Disease (MELD) score reflects 
the urgency for liver transplantation (3). However, some 
parameters of liver dysfunction are less rapidly progressing 
in comparison to the potential danger to develop 
cholangiocarcinoma with infaust prognosis. Therefore, an 
exceptional MELD score is practiced to provide the patients 
a fair chance to survive (3).

Ultrasound imaging of the liver is rather unspecific 
revealing some enhanced reflexes at the biliary tree and an 
increased echogenicity of the enlarged liver in precirrhotic 
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patients. Leading to diagnosis is a magnetic resonance 
image (MRI) of the biliary system (i.e., magnetic resonance 
cholangiopancreatography, MRCP) (6), which shows 
moniliform, multifocal stenoses or sometimes single 
localized stenoses down to the papilla (Figure 1). The 
earlier employed endoscopic cholangiopancreatography 
(ERCP) bears the risk of ascending cholangitis induced by 
this procedure and is therefore less favorable. However, it 
is employed when stricture biopsy or cytology, sampling of 
bile for microbiological analysis, or the dilatation of critical 
stenoses are required (7). As more invasive diagnostic 
procedure a liver biopsy (in case of coagulation impairment 
a transjugar biopsy) with histologic evaluation can be 
employed, particularly in small duct PSC (8). The evidence 
of cholangitis and peribiliary sclerosis with onion shaped 
appearance is pathognomonic (Figure 2) (8). A cirrhotic 
pattern can also be identified. However, due to a minimal 
risk of biopsy it may not be necessary when the diagnosis is 
highly probable by the other parameters. In case a mass is 
seen by imaging, a fine needle biopsy is indicated to verify 
the nature of the lesion.

Treatment

A causal therapy is not available due to lack of knowledge 
about pathogenesis. Therefore, only symptomatic therapies as 
medication or endoscopic interventions are applied (Table 1).

The previous often used ursodeoxycholate was shown 
not to be effective (3,9). For pruritus bile acid sequestrants, 
e.g., cholestyramine, are used sometimes in combination 
with antihistamines to ease the urge to scratch. In severe 
cases opioid, e.g., naltrexone, can be an option (10,11). 
Obeticholic acid represents another new promising 
approach (1).

For treatment of biliary infection bile accessible 
antibiotics have to be provided, possibly after preceding 
microbial testing of endoscopically acquired bile. Preventive 
broad-spectrum antibiotics are also recommended for 
endoscopic procedure at the biliary system (12).

In case of deficiency of fat soluble vitamins a substitution 
therapy has to be considered. For the frequently 
observed osteoporosis (13) the application of vitamin D is 
recommended (14).

In  ca se  o f  endoscop ic  acce s s ib l e ,  h igh  grade 
stenoses a balloon dilation via endoscopic retrograde 
cholangiopancreatography (ERCP) should be performed. It 
was shown to improve the clinical course of the disease (15-19).

The last option is liver transplantation which has to be 
considered in this patient population rather early (3,7). In 
most cases it cures PSC, but it is also reported to recur in 
the transplanted liver (20). A concomitant ulcerative colitis 
will still persist or may even develop.

In summary for this disease with poor prognosis 
no satisfying, long term medical therapy is available. 
Endoscopic therapy is of significant benefit for the patient. 
Most patients are cured by liver transplantation (Table 1).

Hypothesis towards pathogenesis of PSC

It is questionable whether it is predominantly an immune 
system-mediated disease because immunosuppressive 
therapies were not successful (1,3).

There is evidence that it is genetically determined: 
common phenotype and natural course, young to medium 
aged adults, closely associated to ulcerative colitis (1).

The phosphatidylcholine (PC) transport story

Recently in intestine we discovered a new transport route 
for PC from systemic sources (lipoproteins) through the 

Figure 1 MRCP picture of a representative patient with PSC. It 
reveals diffuse annular, segmental stricture formation and duct 
irregularities throughout the biliary tract and prestenosal dilatation 
of the lumen, here predominantly in the left lateral lobe. Typical 
is the “pruned tree” appearance. (Courtesy of Dr. T. Weber, 
University Hospital of Heidelberg). MRCP, magnetic resonance 
cholangiopancreatography; PSC, primary sclerosing cholangitis
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intercellular spaces within the mucosa and passage across the 
tight junction (TJ) barrier towards the luminal surface (21). 
Here it binds to the membrane bound mucin 3 from where 
it is handled to mucin 2 to establish a hydrophobic mucus 
barrier against the microbiota in colonic lumen (21). Driving 
force for the non-apolipoprotein bound amphiphilic PC 
across the TJ is the luminal accumulation of HCO3

−. 

This negative luminal charge at the apical side of mucosal 
cells is generated by the Cystic Fibrosis Transmembrane 
Conductance Regulator (CFTR) and the Anion Exchange 
protein 2 (AE2).

This paracellular, TJ mediated transport route of PC 
is rather unusual because it was always assumed that TJs 
represent barrier function allowing only passage of water 
and electrolyte. In case of TJ disruption, it was suspected 
that luminal microbiota, toxins, carcinogens or antigens 
could pass to the system.

In the following we summarize the results revealing 
in vivo evidence for the PC apical transport route, 
pathophysiologic consequences of its disturbance and 
therapeutic options.

It was evaluated in a genetic colitis mouse model with 
exclusive TJ disruption in the gut by intestinal specific 
knockout of the TJ adaptor proteins kindlin 1 and 2 (22). 
Here the same structural and functional alterations were 
observed as in human ulcerative colitis: (I) due to loss of the 

Figure 2 Liver section obtained from two representative patients (A,B) with primary sclerosing cholangitis. Typical features of PSC patients 
are small and intermediate bile ducts surrounded by fibrous tissue that can be seen at higher magnifications (a’, a’’, b’, b’’). Note the cuboidal 
shape of cholangiocytes which is compatible with the notion of loosening of intercellular adhesion due to a tight junction defect. (Courtesy 
of the Aachen students Pathology archives). PSC, primary sclerosing cholangitis.

Table 1 Therapy targets of PSC

Symptom or sign Therapy

Disease progression No available therapy

Itching Cholestyramine, obeticholic acid

Bacterial cholangitis Antibiotics

Leading stenosis Balloon dilatation

Imminent risk of 
cholangiocarcinoma

Liver transplantation

PSC, primary sclerosing cholangitis.

A B

a’ b’a’’ b’’
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intercellular attachment the cylindrical and closely attached 
mucosal cell layer turned into cuboidal shaped cells with 
distended crypt Lumina (disturbed crypt architecture). (II) 
Functionally PC did not pass to the luminal mucus, the 
mucus PC concentration dropped and its hydrophobicity 
was impaired. This lack of protection resulted in invasion 
of bacteria into the submucosa (22). Since the gene 
deletion was intestine-specific, the liver remained normal 
as expected. A secondary induced PSC caused by bacterial 
translocation from gut seemed therefore also to be excluded. 
In human ulcerative colitis—even in remission—the mucus 
PC is by 70% reduced (23,24). Thus, it is an intrinsic 
disposition of pathogenetic significance. Human ulcerative 
colitis was shown also to be caused by TJ disturbance (22). 

The knockout mice developed an ulcerative colitis 
phenotype (22). For compensation of the genetically 
caused lack of PC, a topical substitution from the luminal 
side was considered, because the physiologic route from 
systemic lipoproteins was blocked by TJ knockout. In 
this setting an excess of PC was supplemented orally by 
deep tube feeding allowing PC to pass to distal parts of 
the intestine for incorporation into the mucus. Indeed the 
ulcerative colitis phenotype could be prevented (22). It 
is claimed to be accomplished by symptomatic filling of 
empty PC stores within the mucus (binding to mucin 2) to 
reestablish a hydrophobic barrier. This simple procedure 
could also be a therapeutic or preventive strategy to fight 
ulcerative colitis in man. For this purpose, PC was coated 
with a polymer for delayed release in colon. Certainly, 
four randomized controlled trials (RCT) showed the 
efficacy of this approach (25-30). The missing PC in mucus 
of ulcerative colitis patients could be replenished (25).  
Within 5–7 weeks, the patients markedly improved in 
regard to clinical activity, endoscopic appearance and 
histology. Indeed, most patients achieved clinical remission. 
A further  maintenance of  remiss ion observat ion 
confirmed the beneficial effect of delayed release PC 
application in ulcerative colitis (29). Unfortunately, a 
phase III trial did not show the expected improvement 
to induce remission (31). This was in part due to the 
protocol which required simultaneous application of 
mesalazine together with PC vs. mesalazine alone instead 
of placebo without mesalazine (32). The reason was 
that otherwise the control group would not receive any 
therapy despite disease activity. However, experimentally 
it could be shown that due to the detergent effect of 
mesalazine an intraluminal foam with PC is generated 

with suboptimal access to the mucosal surface (33).  
A maintenance of remission trial was performed with 
patients from the preceding induction trial. Due to early 
stop of this induction study, the remission trial did not 
receive sufficient participants. In this 3-arms trial, placebo, 
mesalazine and PC were provided as single medication. 
Indeed PC was better as placebo and similar effective as 
mesalazine (34). However, the number of patients was too 
low to allow a statistically significant finding. In further 
contrast to the successful initial three RCT (25,26,28), 
the later RCT used gastric acid resistant PC formulations 
instead of intestinally released preparations (30,31).

The link between ulcerative colitis and PSC

Due to the fact that ulcerative colitis and PSC commonly 
associate and PSC reveals a non-explainable chronic 
inflammation of the biliary epithelium, it was hypothesized 
that both diseases share a common denominator.

The biliary epithelium is considered as a mucosal surface 
which as all other mucosal surfaces produces protective 
mucus to seal the surface (35). It exerts hydrophobicity 
by enrichment of PC bound to mucins which are locally 
produced (36). According to our findings in intestinal 
mucosa, the PC apically located in the adherent mucus 
of the biliary epithelium could originate from systemic 
sources via passage across the TJ barrier (21,37). In case of a 
potential lack of PC in the biliary mucus as reason for PSC 
manifestation, the supplementation from the luminal biliary 
side seemed mechanistically impossible. It is not accessible 
for the mucus despite the fact that PC is highly abundant 
in bile by hepatocellular secretion via the ATP-binding 
cassette (ABC) transporter protein MDR3 (Multidrug 
Resistance Protein 3, ABCB4) at the canalicular plasma 
membrane. At the same location the very efficient bile-salt 
export pump (BSEP, ABCB11) releases bile acids to build in 
a strong association with PC as micellar solution in bile (38).

This micelle-incorporated PC cannot be utilized for 
incorporation into biliary mucus. In the experimental 
situation when a knockout mouse with lack of the mouse 
equivalent to MDR3, the mdr2 (ABCB4) was generated, 
a severe cholangitis phenotype resembling human PSC 
appeared (39). The explanation is that the free bile acids 
without secreted PC can attack the mucus PC for its 
removal into bile, thus, thinning the hydrophobic protective 
barrier and inducing inflammation.

This pathomechanism does not apply to PSC because 
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hepatic PC secretion via canalicular membrane localized 
MDR3 is intact and the analysis of bile did not reveal 
a deficiency of PC in PSC patients (40). However, the 
attached biliary epithelial mucus compartment with a 
low PC content could be a potential focus of interest, 
although—to our knowledge—this has never been 
considered before. Another important feature of this mucus 
compartment is its capability to accumulate HCO3

− via 
the biliary epithelial AE2 and CFTR which establishes a 
functional protective bicarbonate umbrella (41,42). In this 
context it is of interest that for paracellular TJ mediated 
transport of PC a high apical HCO3

− is required (21,37). 
Accordingly, the working hypothesis was generated that PC 
in mucus may pass paracellularly along the lateral side of 
cholangiocytes through the TJ barrier to the apical side.

Experimental prove of the TJ mediated transport 
mechanism in biliary epithelium

We refer to experiments performed with the biliary tumor 
cell line Mz-ChA-1 grown for 21 days to confluency 
in Transwell culture systems (37). This cell line is the 
best model with cholangiocyte characteristics. Primary 
cholangiocytes are not available for tissue culture 
experiments. Kinetic analyses were performed with 
the polarized cell layer by application of PC and other 
substrates in a transwell culture system to either the basal 
or apical compartment and translocation to the counter 
compartment was analyzed. Intracellular recovery was 
negligible. The principle of a vectoral transport to the apical 
compartment was proven when the equilibrium distribution 
was examined after application of 100 mM PC to the basal 
and apical side. In contrast to the also non-cell-permeable 
inulin, an enrichment at the apical and depletion at the basal 
side was noted (Figure 3A). The data prove a paracellular 
movement of PC to the luminal side of cholangiocytes.

This transport was specific for choline-containing 
phospholipids (PC, lyso-PC and sphingomyelin) but not for 
other phospholipids, cholesterol and fatty acids (Figure 3B).

A negative apical charge stimulated, whereas a positive 
charge prevented the apical translocation (Figure 3C). As 
responsible charge carrier CFTR and AE2 were identified 
because respective siRNA treatment of the cells inhibited 
transport accordingly. By this procedure also the involvement 
of TJ was verified as downregulation of claudin-1, -2, -4 and 
-8, Zonula Occludens-1 (Z01), kindlin-1 and -2 as well as 
chemical disruption of TJ inhibited PC translocation from 
the basal side (Figure 3D) (37).

In addition, apical supplementation with mucin 1 or 2 or 
even taurocholate stimulated as PC acceptor molecules the 
transport to the apical side (Figure 3E). 

The data presented in this study lead to the hypothesis 
that PC originates from lipoproteins in the circulation. 
It passes through the intercellular space between biliary 
epithelial cells to the TJ from where they jump to the 
luminal side to be bound to mucins for generation of a 
protective mucus shield against bile acids and infection 
(Figure 4). For functional prove of the concept in vivo, we 
attempt as next step to generate a genetic mouse model with 
specific deletion of TJ in biliary epithelial cells. 

If in this model a cholangitis phenotype can be 
reproduced it would be a clue to pathogenesis of PSC. 
The biliary tree should show a lack of PC in the biliary 
mucus compartment, biliary epithelium destruction caused 
by bile salt attack, possibly bacterial invasion, submucosal 
inflammation and fibrous tissue for repair.

After availability of a suitable animal model for PSC, 
therapeutic strategies can be developed. In clinical trials 
the value of ursodeoxycholate application was extensively 
examined (3,9). It was shown not to be effective in 
reversing the course of the disease which, according to our 
hypothesis, is also not expected. To induce PC secretion 
across the biliary epithelium would be the ultimate goal. 
Whether it is achievable via oral application of excess PC 
is doubtful but should be examined under the hypothesis 
that a high systemic PC load may push more PC across the 
biliary epithelium.

It would be a therapeutic challenge to target PC to the 
biliary lumen without being captured by bile acids. Since 
aggressive bile acids attacking the mucus barrier may 
represent the final executer of biliary epithelium injury, 
it could be an approach to exchange those against more 
mucus protective bile acids (43). NorUDCA with enhanced 
cholehepatic shunting showed in initial trials in PSC 
promising results (44) although its mucus protective mode 
of action has not been addressed yet. Since they undergo 
cholehepatic shunting, i.e., uptake by cholangiocytes, they 
have to leave behind PC. Theoretically this PC released 
from mixed micelles is available to biliary mucus for filling 
empty PC binding sites. This could restore its protective 
barrier function and reverse damage to the biliary 
epithelium.

Discussion

This review collects arguments for a completely new 
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Figure 3 Transport of PC evaluated with polarized biliary epithelial cells grown in a transwell tissue culture system. Transport data were 
obtained after 1 h exposure to the basal side (21). (A) Equilibrium distribution of PC versus inulin when applied equally at 100 mM to the 
apical and basal compartment. Over 1 h incubation vectoral transport of PC was directed apically devoiding PC at the basal side. In contrast, 
for inulin a significant higher accumulation at the basal side was registered. (B) Substrate specificity. Apical transport was examined for 1 h 
after basal application of the different substrates at 10 mM concentration. (C) Mechanistics of apical PC translocation after basal application 
(10 mM). Ionic driving forces were generated by apical application of salts and substrates where anionic and cationic partners permeate the 
membrane at different velocities, thus leaving at the apical cell surface a positive or negative-charged environment. The involvement of 
the responsible anion exporters CFTR and AE2 was proven by their downregulation using respective siRNAs in comparison to scrambled 
siRNA. PC (10 mM) was applied to the basal compartment. (D) Prove of tight junction (TJ) involvement in apical transport of PC after 
their chemical disruption by ACA vapor or the indicated PPAR-γ inhibitors T0070907 and GW9962. The involvement of the responsible 
TJ proteins was evaluated by indicated siRNA preincubation in comparison to scrambled siRNA. PC (10 mM PC) was applied to the basal 
compartment in polarized Mz-ChA-1 cells. (E) Enhancement of apical PC transport by apical application of mucin 1 (20 mg/mL), mucin 2 
(20 mg/mL) and taurocholate (100 mM) as luminal acceptor substances. PC (10 mM) was applied to the basal compartment. Means ± SD, 
n=6. Significances were calculated against PBS (control); ***, P<0.001. PC, phosphatidylcholine; CFTR, Cystic Fibrosis Transmembrane 
Conductance Regulator; AE2, Anion Exchange protein 2; ACA, acetaldehyde; PPAR-γ, peroxisome proliferator activated receptor gamma.
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Figure 4 Hypothesis to physiology and pathophysiology of PC transport at the cholangiocyte epithelium in PSC. Illustrated is the transport 
of PC from systemic sources to the mucus compartment of the biliary epithelium across the tight junction barrier. It is driven by negative 
apical charge. The apically transported PC is initially bound to membrane anchored mucin 3 from where it is handled to secretory mucin 2 
for distal movement along the biliary tree. In PSC the PC transport is prohibited by genetically determined disruption of the tight junction 
barrier, consequently cholangiocytes develop a cuboidal shape. Luminal aggressive bile acids destroy cholangiocytes due to absence of 
the protective mucus PC shield, leading to inflammation and consequent fibrosis. CFTR, Cystic Fibrosis Transmembrane Conductance 
Regulator; AE2, Anion Exchange protein 2; PC, phosphatidylcholine; PSC, primary sclerosing cholangitis.

hypothesis explaining the cause of PSC. It is based on the 
epidemiologic link between ulcerative colitis and PSC. 
As a common denominator we present the characteristic 
feature of intestinal and biliary epithelia to translocate PC 
paracellularly across the TJ barrier. PC originates from 
lipoproteins within the circulation and passes to the biliary 
mucus compartment. This space between the epithelial 
cell layer and the biliary lumen has never been considered 
to be of any pathogenetic significance. The PC bound to 
mucins could function as hydrophobic barrier against the 
biliary lumen. The conclusion is highly speculative: an 
unusual hypothesis and scare experimental data. The basic 
research of PC translocation across a polarized monolayer 
of the biliary tumor cell line Mz-ChA-1 is the only relevant 
experimental evidence (37). However, there are many 
publications available to PC translocation in intestine and 
its disturbance as pathogenetic factor for development 
of ulcerative colitis (21-30). Based on this, in colitis new 
therapeutic strategies were proposed and tested in clinical 
trials. The shortcoming is, that it comes basically only 

from our research group. Since one has to start, we used 
this review to stimulate the consideration of the biliary 
mucus compartment as a relevant pathogenetic factor. The 
theory behind this is simple to comprehend and apparently 
not completely beside the point. However, it has to face a 
scientific community with different views. Therefore, we 
have to prove our hypothesis now. It is one of our future 
goals to support our hypothesis with in vivo studies. For 
this purpose, we want to generate a genetic mouse model 
with a biliary epithelium specific deletion of TJs. We expect 
a reduction of the mucus PC content and development of 
cholangitis. This will be compared with human PSC. mostly 
by structural/histological staining analyses.

Summary

The discovery of the pathogenesis of PSC remains a 
challenge. Its resolution could open new avenues for 
therapy of this devastating disorder.

A clue to pathogenesis could be the disturbance of 
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paracellular translocation of PC to the apical surface of 
the epithelium. By binding of PC to mucins it serves to 
establish a protective mucus shield towards luminal bile 
acids. A genetically determined lack of biliary mucus PC 
could be a pathogenetic contributor. If verified, therapy 
could reverse the manifestation by measures to increase the 
PC concentration in this compartment or ameliorate the 
aggressive properties of bile acids towards PC binding.
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