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Bile secretion starts

Extrahepatic PBGs bud into 
mesenchyme starting 

from week 11-12 

Intrahepatic PBGs 
start to form

PBGs increase in number, 

PBGs start to form 
clusters

The ductal plate forms around the 
portal vein from hepatoblasts 

The endodermal bud develops from the foregut. 
Two parts are formed: the cranial hepatic part (brown) and 
the caudal biliary part (green). The extrahepatic bile duct, 
cystic duct, and gallbladder develop from the biliary part. 
The liver and intrahepatic bile duct 
develop from the hepatic part.    

 The two layered ductal plate starts to 
“remodel” to assemble the 
intrahepatic bile ducts 

The �rst intrahepatic ducts are formed
starting from the hilum, supported
by portal mesenchyme. Disappearance 
of the ductal plate occurs between 
gestation week 25 and 2 weeks after 
birth 

aggregate and connect 

The surface epithelium comprises large cholangiocytes
 High columnar morphology
 Highly susceptible to pathology
 Large role in bile modi�cation
 Hormone responsive (e.g. secretin, somatostatin) 
Predominantly mucinous acini
Complex network of peribiliary vascular plexus - 3 layers 

PBGs in direct contact with lumen
Tubular acinar structures
Mixed population of mature cholangiocytes and 
 progenitor cells 
Predominantly mucinous acini that produce: 
 Mucins, trefoil factors, glycoproteins, IgA, lysozyme, lactoferrin  
 More neutral mucus than acid mucus
 Equal amounts of carboxylated and sulphated mucus
 

  

The surface epithelium comprises small cholangiocytes
 Low columnar morphology 
 Less susceptible to pathology
 Small role in bile modi�cation (e.g. no CFTR expression)
 Not responsive to hormones such as secretin and 
           somatostatin 
Predominantly serous and seromucinous acini
Single layered peribiliary vascular plexus
 

The di�erent cell populations in the axial 
direction are situated in all large ducts.
The deepest PBGs contain progenitor 
and stem cells with a di�erent 
metabolism than mature cholangiocytes, 
enabling them to endure hypoxic
conditions.  

The progenitor cells are 
negative for AE2, CFTR, and Glut-1, 
but positive for Sox9. The primitive 
and pluripotent cell population stains 
positive for NANOG, Oct4, and Sox2.   
These stem/progenitor cells are able to 
proliferate, di�erentiate, and migrate 
toward the lumen upon injury.   
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Large ducts: three-layered peribiliary 
vascular plexus with microvessels 
around PBG clusters. The extrahepatic 
plexus is supplied by ascending arteries 
(2/3) and descending arteries (1/3) from 
the hepatic and the gastroduodenal arteries. 
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LARGE DUCTSSMALL DUCTS

  Formation of intrahepatic bile 
ducts starts from ± wk 7 to ± 1 mo 
after birth
  From hilum toward periphery
  Up to 18-20 orders of branches 
and 0.5 million terminal ducts

  Mucus production starts 
directly after gland formation
  The extrahepatic PBGs 
reach adult proportions 
at the age of 1 year, intrahepatic 
PBGs after 15 years 

PBGs in indirect contact with lumen
Tubulo-alveolar acinar structures
Mixed population of mainly progenitor cells and stem cells  
Predominantly serous (and seromucinous) acini that produce:
 IgA, alpha-amylase, trypsin, lipase, glycoproteins, lysozyme, lactoferrin 
 More acid than neutral mucus
 More sulphated than carboxylated mucus
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PBG density is 
displayed in both 
the organization of 
dots and colors along 
the bile duct levels.    
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Canals of Hering
Ductules (<15 μm)

Interlobular ducts (15-100 μm)

Septal ducts (100-300 μm)

Area ducts (300-400 μm)

Segmental ducts
(400-800 μm)
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Common bile duct
(4-7 mm)

The heterogeneity of the biliary tree
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Small ducts
Large ducts Proximal-to-distal axis

Radial axis

70% of bile is produced by hepatocytes. Bile 
is collected in the bile canaliculi and �ows
downstream through a merging network of 
ducts into the common bile duct. Along the way,  
cholangiocyte secretion contributes another
30% of the volume of bile. Large cholangiocytes 
lining the large bile ducts are primarily 
responsible for secretory and absorptive 
processes. Small cholangiocytes can adopt this 
function upon injury of susceptible large 
cholangiocytes.    

The canals of Hering are populated by both 
hepatocytes and cholangiocytes. These canals 
represent the only hepatocyte-cholangiocyte
interface in the human body. In addition, the 
canals of Hering are thought to harbour a 
hepatic progenitor niche. These liver stem/
progenitor cells were able to di�erentiate into 
both hepatocytes and cholangiocytes when 
isolated ��������. Their exact role in liver and bile 
duct (patho-)physiology remains, however, 
equivocal.    
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Mucinous PBG cells
Located near the 

lumen

Serous PBG cells 
Located deeper in the

bile duct wall

Small ducts: single layer of peribiliary vascular 
plexus. In contrast to the large ducts, 
this part of the plexus also 
communicates with the portal 
system.


