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Cholangiocytes are the main site of dysfunction in bile duct disorders, including a diverse group of inherited
diseases such as cystic fibrosis liver disease, developmental conditions such as Alagille syndrome, autoimmune
diseases such as primary sclerosing cholangitis and primary biliary cirrhosis as well as drug- and toxin-induced
conditions [1]. The development of effective pharmacological agents for bile duct disorders has been hampered
by poor access to primary biliary tissue, difficulties in culturing primary cholangiocytes in vitro and inadequate
disease models. Thus, there is a pressing need for technologies to generate functional cholangiocyte-like cells
(CLCs) from other sources, such as stem cells, to provide an in vitro model for pharmacological studies of bile
duct disorders and a foundation for developing tissue replacement strategies.
The mesenchymal stem/stromal cells (MSCs) are self-renewing cells of mesodermal origin that have the
potential to differentiate into a variety of cell types [2]. These cells are excellent candidates for pharmaceutical
studies and regenerative medicine. Despite recent advances toward guided differentiation of MSCs to
hepatocytes [3], to the best of our knowledge, no study has been reported to differentiate MSCs to functional
cholangiocytes, which are another principal type of cells in the liver and the main site of dysfunction in bile duct
disorders.
In this study, we developed a new approach, which drives differentiation of MSCs toward the cholangiocytic
lineage using small molecule-based feeder-free and defined culture conditions (Fig. 1A). This 27-day protocol
started with the differentiation of human MSCs into endoderm, and followed by the generation of CLCs
expressing biliary markers using small molecules such as epidermal growth factor, fibroblast growth factor, IL-6,
and sodium taurocholate hydrate. The CLCs expressed biliary markers at levels similar to those in human
cholangiocytes (Fig. 1B). Then we used a 3D culture system to assess the potential of CLCs to form organoids
with cyst and duct-like structures. After 3 days of culture in Matrigel, CLCs displayed either a tubular, a cyst
morphology (Fig. 1A) or a mixture of both (Fig. 1C), while MSCs cultured in 3D did not form these structures.
To assess the functionality of our CLCs generated in vitro, we first used rhodamine 123, a fluorescent substrate
for the cholangiocyte surface glycoprotein multidrug resistance protein-1 (MDR1). We found that rhodamine 123
was actively secreted in the lumen of CLC organoids, and luminal dye accumulation was prevented by the MDR1
inhibitor verapamil (Fig. 1C), confirming MDR1-dependent transfer of rhodamine 123. Then we analysed their
response to adenosine triphosphate (ATP), known to induce a Ca 2+ increase in biliary cells by way of P2Y1
receptors. There is a moderate differentiation efficiency with 46 % ± 6 % of responsive CLCs to ATP inducing an
intracellular Ca2+ increase. In conclusion, we have developed a robust and efficient method for differentiating
MSCs into CLCs, which display structural and functional similarities to normal human cholangiocytes. The
capacity of our platform for generating large amounts of functional cholangiocytes will have broad applications
for in vitro disease modelling, for screening pharmacological agents and as cell therapeutics.
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Figure

Figure 1 Generation of functional CLCs from human MSCs. (A) Overview of the protocols and the sequential
morphological changes. (B) Real-time PCR analysis show the high expression of endoderm markers (HNF4,
FOXA2 and GATA4) at day 6 and biliary markers (CK7, CK19, TGR5, CFTR and AQP1) at day 27 of MSC-derived
cells. (C) Representative images demonstrating the MDR1 fluorescent substrate rhodamine 123 detected in the
lumen of CLC organoids, confirming MDR1 functionality.

