
NEWS AND VIEWS

Cholangiocyte organoids as a cell source for biliary
repair
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Preoccupied with the astounding regenerative capabili-

ties and metabolic importance of hepatocytes in the

liver, the role of the resident ‘plumbers’ of the liver, the

cholangiocytes, can be overlooked in comparison.

Cholangiocytes form the ductal network which makes

up the biliary tree and transports bile from the liver to

the gallbladder for secretion into the intestine during

digestion. Chronic accumulation of bile in the liver is

cytotoxic, causing fibrosis and eventually leads to cir-

rhosis and liver failure. Liver transplantation is the only

treatment option for survival at this progression of dis-

ease, and the demand for liver transplantations far

exceeds the supply [1]. Additionally, biliary complica-

tions are significant contributors to liver transplant fail-

ure, being prone to developing strictures or leaks post-

transplantation [2,3]. This paucity of treatments and

understanding of biliary-related pathologies, combined

with the increasing recognition of biliary-related disease

and transplant burden, spurred the development of

alternative therapies to liver transplantation.

Organoids are three-dimensional cellular systems

developed from stem cells and their progeny via process

of cell sorting, differentiation and self-organization [4].

They can capture key features of tissue function and

structure. They can also provide a near-physiological

platform that enables long-term expansion of cells

in vitro while maintaining their genomic stability [5-7]

that can offer an important cell source for regenerative

engineering [8,9]. Cholangiocyte organoids from adult

stem/progenitor cells or pluripotent stem cells were pro-

duced previously and enabled disease modelling as well

as reconstruction of mouse extrahepatic biliary tree

[10-12]. However, it was not clear if biliary organoids

from different regions of liver can be expanded and

employed to repair biliary epithelium of the human liver.

In a recent study [13], Sampaziotis et al. provide com-

pelling data that pave a path towards translation of orga-

noid technology to regenerative engineering in human

liver. In their study, the team analysed region-specific

cholangiocytes [intrahepatic bile duct (IHD), common

bile duct (CBD) and gallbladder (GB)] from human

donors using single cell RNA sequencing (scRNA-seq) to

characterize cholangiocyte diversity and compared their

transcriptomic signatures to their regionally derived orga-

noids. First, Sampaziotis et al. were able to show using

differential gene expression and imaging that, once

expanded with their in vitro organoid culture protocol,

the cells lose most of their regional-specific gene expres-

sion while maintaining core cholangiocyte gene expres-

sion (KRT7, KRT19, SOX9, HNF1B, CFTR) and

function (ALP and GGT activity). Interestingly, they

showed that regional-specific gene expression of the gall-

bladder could be recovered by addition of bile suggesting

the importance of microenvironmental factors in the loss

of the regional gene expression and function, and that it

might be recovered if reintroduced to its proper niche.

Of critical note, is that regardless of the region the pri-

mary cells were sourced (IHD, CBD or GB) for cholan-

giocyte organoid expansion, the cultures all showed

ability to express gallbladder-specific genes with the addi-

tion of bile. Their findings show high degree of plasticity

in cholangiocytes and importance of the microenviron-

mental cues in shaping the cell state. In fact, the regional

control of cell state or even positioning in liver was

shown in hepatocytes [14] and immune cells [15].

Hence, the reintroduction of cells into the host environ-

ment can re-specify the appropriate characteristics

according to the region.

To validate their findings, they asked whether cholan-

giocyte organoids from human gallbladder can rescue mice

with cholangiopathy. They used 4,4’-methylenedianiline

(MDA) to induce biliary injury and performed intraductal
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delivery of cells derived from the organoids. The therapeu-

tic effect of the transplanted cells was robust, yielding a

100% survival (terminated after 3 months) of the cholan-

giocyte injected mice compared the control injected mice

that died within 3 weeks. Immunofluorescence, histology

and magnetic resonance cholangiopancreatography

(MRCP) confirmed developing cholestasis and cholan-

giopathy of MDA administered control mice and showed

resolution of cholangiopathy in transplanted mice. Fur-

thermore, transplanted cells accounted for a considerable

amount of the regenerated bile ducts (25-55%) and impor-

tantly downregulated gallbladder markers such as SOX17

and upregulated expression of intrahepatic bile duct mark-

ers SOX4, DCDC2 and BICC1. The authors also probed

the interchangeability of the organoid origin by expanding

common bile duct-derived human cholangiocytes as orga-

noids and transplanting to the gallbladder of immunocom-

promised mice. All-in-all, results highlight the therapeutic

capability of the cholangiocyte organoids and the inter-

changeability of biliary tree region used for derivation of

these organoids.

In their final experiments, Sampaziotis et al. address

potential concerns of the known differences between

mouse and human liver microenvironment and further

address the ability of cell therapy to combat ischaemic

reperfusion injury in transplanted livers. Utilizing nor-

mothermic machine perfusion (NMP), nutrients and

warm oxygenated blood were circulated through pri-

mary donor human livers with measured low bile pH,

an indicator of ischaemia and increased risk for duct

damage. These livers were transplanted with gallbladder

organoid-derived cholangiocytes dissociated cell suspen-

sion (or small cell clumps) into the terminal branches

of the intrahepatic ducts and perfused for 100 hours

ex vivo. As predicted, the transplanted cells again lost

gallbladder marker expression and gained intrahepatic

gene expression. Appearance of the treated ducts was

more open and did not have the tendency to collapsed

like portions of the untreated ducts where ischaemia

damage was likely to have occurred. This finding was

corroborated with higher volume of bile aspirated from

treated ducts supporting functional recovery.

During the mouse in vivo or human ex vivo studies,

no cancerous growths were detected, although long-term

studies with appropriate controls would be necessary to

determine safety of this approach from tumorigenesis.

Timescale of the experiments and maintenance of in vivo

human liver function over time present as next barriers

to overcome in proving safety and efficacy of this

approach. Because of the in vitro expansion of the cells,

this strategy also allows for genetic modification or cor-

rection, which could be of great value for assisting with

genetic disease diseases such as cystic fibrosis. Further

study of the impact of cholangiocyte organoid therapies

on polygenetic or lesser understood acute and chronic

cholangiopathies such as biliary atresia and Alagille syn-

drome could be extremely beneficial. Additionally, the

induced pluripotent stem cell (iPSC)-derived iterations of

these technologies are attractive because of vast expan-

sion capability and donor flexibility. All-in-all, the impli-

cations from the work of Sampaziotis et al. indicate

significant improvements for promising cholangiopathy-

related therapeutics on the horizon that can increase

cholangiopathy treatment options, increase the viability

of donor transplants, and decrease organ transplant bur-

den. It was shown that cholangiocytes can act as faculta-

tive stem cells to produce hepatocytes [16] when native

hepatocyte regeneration is impaired. However, the trans-

planted biliary cells in this study did not produce hepa-

tocyte cells and were locked in biliary fate after delivery.

It is possible that upon right environmental cues such as

inhibition of hepatocyte proliferation, the delivered cells

gain additional plasticity to produce hepatocyte as well,

which warrants future studies.
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