7%
university of 5%,
groningen YL

R

University Medical Center Groningen

University of Groningen

The heterogeneity of the biliary tree
de Jong, Iris E. M.; van den Heuvel, Marius C.; Walls, Rebecca G.; Porte, Robert J.

Published in:
Journal of Hepatology

DOI:
10.1016/j.jhep.2021.04.016

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):
de Jong, I. E. M., van den Heuvel, M. C., Walls, R. G., & Porte, R. J. (2021). The heterogeneity of the
biliary tree. Journal of Hepatology, 75(5), 1236-1238. https://doi.org/10.1016/j.jhep.2021.04.016

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/lUMCG research database (Pure): http.//www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 20-11-2022


https://doi.org/10.1016/j.jhep.2021.04.016
https://research.rug.nl/en/publications/fd24fe85-91cc-4259-b63a-d925721183a4
https://doi.org/10.1016/j.jhep.2021.04.016

Hepatology Snapsho

The heterogeneity of the biliary tree

Iris E.M. de Jong", Marius C. van den Heuvel?, Rebecca G. Wells®, Robert J. Porte™

Section of Hepatobiliary Surgery and Liver Transplantation, Department of Surgery,
University of Groningen, University Medical Center Groningen, the Netherlands
2Department of Pathology, University of Groningen, University Medical Center Groningen, the
Netherlands

3Department of Medicine, Perelman School of Medicine at the University of Pennsylvania,
United States

*Corresponding author. Address: Section of Hepatobiliary Surgery and Liver
Transplantation, Department of Surgery, University Medical Center

Groningen, P.O. Box 30.001, 9700 RB Groningen, the Netherlands.

Tel.: +31-50-3612896, fax: +31-50-3614873.

*E-mail: i.e.m.de.jong@umcg.nl; **E-mail: r.j.porte@umcg.nl.

lar ducts (15-100 pm)
small ducts

Large ducts

Right and left

hepatic duct

G )
AE2

Common bile duct
(47 mm)

Small ducts: single layer of peribiliary vascular m’(c
>

plexus. In contrast to the large ducts,
this part of the plexus also
communicates with the portal
Legend PBG density system.

PBG density is @ High

ispeyed i both
(o 2 Vascular anatomy

dots and colors along

the bile duct levels. Somatostatin
2 Secretin) @ @

i
Epicholedochal Large ducts: three-layered peribiliary o

plexus vascular plexus with microvessels

around PBG clusters. The extrahepatic '\
Intramural plexus is supplied by ascending arteries
plexus (2/3) and descending arteries (1/3) from

Subepithelial  the hepatic and the gastroduodenal arteries.

plexus
Large cholangiocytes
Nerve density
Bile duct diameter
15 um 300 um 400 um 7 mm

Small ducts Large ducts

Surface
epithelium
Subepithelial

layer
Nerve fiber

Vet W

Smooth muscle cell 4@ 0
i © %\ * 'ﬁ Subserosal layer
% W S b

Ganglion

e AL
BH—g,

JOURNAL
OF HEPATOLOGY

The canals of Hering are populated by both 70% of bile is produced by hepatocytes. Bile
hepatocytes and cholangiocytes. These canals is collected in the bile canaliculi and flows
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Proximal-to-distal axis

The surface epithelium comprises small cholangiocytes
* Low columnar morphology
* Less susceptible to pathology
* Small role in bile modification (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 surface epithelium comprises large cholangiocytes
e High columnar morphology
o Highly susceptible to pathology
o Large role in bile modification
« Hormone responsive (e.g. secretin, somatostatin)
Predominantly mucinous acini
Complex network of peribiliary vascular plexus - 3 layers
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The different cell populations in the axial
direction are situated in all large ducts.
The deepest PBGs contain progenitor
and stem cells with a different
metabolism than mature cholangiocytes,

Muscular layer (not well-defined until the enabling them to endure hypoxic
the most distal 1/3 of the extrahepatic bile duct) 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, differentiate, and migrate
toward the lumen upon injury.
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The biliary tree and the liver are inseparably linked. They com-
plement each other and are generally considered 1 organ.
However, the biliary tree has a well-defined identity of its own.
Moreover, if you look closely, an astonishing number of struc-
tural, functional, and embryological variation is evident within
this ductular network.

Grossly, the heterogeneity of the biliary tree can be appreci-
ated along both the proximal-to-distal axis and the radial axis.
Hepatocyte bile canaliculi are located at the most proximal end
of the biliary tree and transition into the canals of Hering (CoH),
which contains progenitor cells and is where cholangiocytes are
juxtaposed to hepatocytes. From the CoH, bile flows into the
ductules (<15 pm diameter) and through the merging network of
ducts (increasing in size from 15 pm to several mm in diameter)
into the duodenum (sizes apply to the human bile duct). The
cholangiocyte population changes from proximal to distal:
generally, the interlobular and septal ducts are lined with small
cholangiocytes while the large intrahepatic, segmental, and he-
patic ducts and the common bile duct are lined with large
cholangiocytes.? As bile duct diameter increases, the cytoplasm-
to-nucleus ratio increases, cholangiocytes become hormone-
responsive, and the involvement of cholangiocytes in bile
modification intensifies. The total number of peribiliary glands
(PBGs) increases as well as the number of mucus producing
PBGs.? Distally located cholangiocytes play an increasing role in
secretion and absorption. At the same time, the vascular and
neural networks merge into a complex network of multiple
layers in line with the growing role of the bile ducts in bile
modification such that the distal end of the bile duct harbors a
3-layered peribiliary vascular plexus surrounding the PBGs. In
addition, the bile duct is extrinsically and intrinsically inner-
vated, resembling the gut. Biliary-nerve contacts are rare in the
CoH, are more common in the ductules and interlobular ducts,
and are part of multiple plexuses moving toward the common
bile duct.’

Radial axis heterogeneity refers to the epithelial diversity
from the lumen toward the deeper PBGs in the bile duct wall.
This axis parallels the transition from mucus-producing cells
toward serous acini and from mature cholangiocytes toward
progenitor/stem cells.?

The structural diversity in both the proximal-to-distal and
radial directions reflects the functional heterogeneity along the
biliary tree and its ability to withstand injury. Small chol-
angiocytes are more resistant to severe damage than large
cholangiocytes and are able to proliferate, differentiate, and ul-
timately replace the large cholangiocytes, as has been shown
after bile duct ligation of the rat bile duct.” In the radial direction,
PBGs harbor endoderm progenitor cells and stem cells that are
less susceptible to damage than mature cholangiocytes. This
epithelial cell compartment is able to survive in hypoxic condi-
tions, ensuring the regeneration of injured epithelia.® Participa-
tion of PBGs in bile duct regeneration has been demonstrated in
a tissue culture using human extrahepatic bile duct and a mouse
model in which lineage tracing was used after chemically
induced biliary injury.®’
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Finally, the heterogeneity of the biliary tree is underlined by
its embryological origins and the existence of distinct small and
large duct cholangiopathies. The intrahepatic and extrahepatic
bile duct develop from different parts of the ventral foregut at
different gestational stages, merging at the level of the hepatic
hilum.? Considering the embryological, structural, and biological
heterogeneity of the bile duct, it should be no surprise that
cholangiopathies manifest at specific sites of the biliary tree.
For example, primary sclerosing cholangitis affects large ducts
whereas primary biliary cholangitis targets small ducts;’
ischemic cholangiopathies, as would be expected from their
exclusively arterial blood supply, are restricted to large bile
ducts. Biliary atresia begins in the extrahepatic duct whereas
Alagille Syndrome is characterized by paucity of the interlobular
ducts.'® Thus, it is clear that the biliary tree is highly complex and
can by no means be considered a “simple” conduit for bile.
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