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Introduction
The liver is a major and multifunctional organ responsible for the regulating of a multitude

of complex metabolic processes. Despite the huge regenerative capacity of this organ, in
humans, liver diseases are a major global health problem. The rabbit is often used as a model
for non-alcoholic fatty liver disease or liver cancers, thanks to the similarities of its hepatic
physiology and anatomy with those of humans. Nevertheless, the liver is a delicate organ in
rabbit as well, due to its sensitivity to endogenous and exogenous toxins and to parasites
responsible for coccidiosis and toxoplasmosis. The structure of the liver is composed of 80% of
hepatocytes organized in lobules around blood vessels and bile capillaries composed of
cholangiocytes. Hepatic organoids have been mainly produced in humans from healthy and
diseased liver biopsies or from induced pluripotent stem cells (iPSCs). Different protocols are
therefore available creating organoids of various complexity and function. However, very few
examples are published in agronomic species. Our project aims at producing hepatic organoids
from rabbit iPSCs, using a protocol that mimics the liver embryonic development.

Liver structure
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Abbreviations
ALF: Acute liver failure; BMPs: Bone Morphogenetic Factors; EGF: Epidermal 
Growth Factor; FGF: Fibroblast Growth Factor; HGF: Hepatocyte Growth Factor; 
IL-6: Interleukin-6; iPSC: Induced pluripotent stem cell; NAFLD: Nonalcoholic 
fatty liver disease; NASH: Non-alcoholic steato-hepatitis; PSC: Pluripotent Stem 
Cell; TGFα: Transforming Growth Factor alpha.

Acknowledgements
We thank S. Lagarrigue, C. Desert and L. Lagoutte (UMR 1348, INRAE) for their 
valuable contributions and comments.

Authors’ contributions
BP wrote the manuscript with CB and GM comments. CB and GM provided 
the pictures in Figures 1 and 2. All authors read and approved the final 
manuscript.

Funding
This work was supported by grants from ANR, the project CRB-ANIM—ANR-
11-INBS-0003 to BP.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 20 October 2020   Accepted: 24 February 2021

References
 1. Trefts E, Gannon M, Wasserman DH (2017) The liver. Curr Biol 27(Suppl 

21):R1147–R1151. https ://doi.org/10.1016/j.cub.2017.09.019

 2. Sherman MH (2018) Stellate cells in tissue repair, inflammation, and 
cancer. Annu Rev Cell Dev Biol 34:333–355. https ://doi.org/10.1146/
annur ev-cellb io-10061 7-06285 5

 3. Koike H, Iwasawa K, Ouchi R, Maezawa M, Giesbrecht K, Saiki N, 
Ferguson A, Kimura M, Thompson WL, Wells JM, Zorn AM, Takebe T 
(2019) Modelling human hepato-biliary-pancreatic organogenesis 
from the foregut-midgut boundary. Nature 574:112–116. https ://doi.
org/10.1038/s4158 6-019-1598-0

 4. Ang LT, Tan AKY, Autio MI, Goh SH, Choo SH, Lee KL, Tan J, Pan B, Lee 
JJH, Lum JJ, Lim CYY, Yeo IKX, Wong CJY, Liu M, Oh JLL, Chia CPL, Loh 
CH, Chen A, Chen Q, Weissman IL, Loh KM, Lim B (2018) A roadmap 
for human liver differentiation from pluripotent stem cells. Cell Rep 
22:2190–2205. https ://doi.org/10.1016/j.celre p.2018.01.087

 5. Loh KM, Ang LT, Zhang J, Kumar V, Ang J, Auyeong JQ, Lee KL, Choo 
SH, Lim CY, Nichane M, Tan J, Noghabi MS, Azzola L, Ng ES, Durruthy-
Durruthy J, Sebastiano V, Poellinger L, Elefanty AG, Stanley EG, Chen Q, 
Prabhakar S, Weissman IL, Lim B (2014) Efficient endoderm induc-
tion from human pluripotent stem cells by logically directing signals 
controlling lineage bifurcations. Cell Stem Cell 14:237–252. https ://doi.
org/10.1016/j.stem.2013.12.007

 6. Nykonenko A, Vávra P, Zonča P (2017) Anatomic peculiarities of pig and 
human liver. Exp Clin Transplant 15:21–26

 7. López-Luque J, Fabregat I (2018) Revisiting the liver: from development 
to regeneration - what we ought to know. Int J Dev Biol 62:441–451. 
https ://doi.org/10.1387/ijdb.17026 4JL

 8. Miyajima A, Tanaka M, Itoh T (2014) Stem/progenitor cells in liver 
development, homeostasis, regeneration, and reprogramming. Cell 
Stem Cell 14:561–574. https ://doi.org/10.1016/j.stem.2014.04.010

 9. Kopp JL, Grompe M, Sander M (2016) Stem cells versus plasticity in 
liver and pancreas regeneration. Nat Cell Biol 18:238–245. https ://doi.
org/10.1038/ncb33 09

 10. Donato MT, Tolosa L, Gómez-Lechón MJ (2015) Culture and Functional 
Characterization of Human Hepatoma HepG2 Cells. Methods Mol Biol 
1250:77–93. https ://doi.org/10.1007/978-1-4939-2074-7_5

 11. Marion MJ, Hantz O, Durantel D (2010) The HepaRG cell line: biological 
properties and relevance as a tool for cell biology, drug metabolism, 

Figure 2 Preliminary data with chicken liver organoïds derived from chicken embryonic stem cells (cESC). A cESC were induced into 
endoderm before being turned into hepatoblasts, but failed to be induced in more mature hepatocytes under present tested protocols. B the 
expression of different markers was detected by qRT-PCR and illustrates the loss of pluripotent marker (OCT4), the weak induction into endoderm 
(SOX17) and then the present failure to get more specific hepatic markers (FOXA2, HNF4, AFP) with the current conditions.
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rates of hepatic lipid oxidation and lipogenesis are also 
central features of non-alcoholic fatty liver disease 
(NAFLD) in both rodents and humans, but is associated 
with impaired insulin signaling, dysfunctional mitochon-
drial energetics and oxidative stress” [54]. Numerous 
studies have investigated the molecular basis of the avian 
hepatic metabolism by deciphering mainly the hepatic 
lipid metabolism and the associated genes [55–57]. In 
this context, organoids in avian species would be of great 
interest for studying the regulatory mechanisms of lipid 
metabolism. Furthermore, chicken has diverged from 
mammals more than 300 M years ago and is widely used 
to evaluate the level of gene conservation between spe-
cies during evolution, with this conservation being a sign 
of a major biological role. Examples of lncRNA have been 
also reported for liver and adipose tissue as well [58].

In avian species, few data are available at the level of 
the preparation of hepatocytes and their maintenance 
in culture for several days, but in each case, they were 
derived from adult tissue [59–62]. However, the develop-
ment of organoids in avian species has not been reported. 
As embryonic stem cells were obtained and described 
in chicken [63–65], we initiated the induction of the dif-
ferentiation of these PSCs in the hepatic pathway based 

on the human and murine models. Validated in the 
human model with hiPSCs, we developed a protocol 
that allows the establishment of hepatic organoids that 
produce albumin (Figure 1). In a preliminary study, this 
same protocol does not seem to be compatible with bird 
PSCs and no long-term liver organoids were obtained, 
even if hepatic markers were weakly detected (Figure 2). 
Therefore, adaptations of each step have been carried 
out, starting from the formation of cell aggregates that 
are transferred into an endodermic induction medium. 
These structures exhibited a pattern of proliferation and 
induction of markers that is specific to the engagement 
into this lineage. Additional work is needed.

4  Conclusion
The development of hepatic organoids represents a real 
challenge for mimicking the complexity of hepatic tis-
sue and its multiple physiological functions. Additional 
challenges remain to be overcome for domestic species, 
including the plasticity of pluripotent stem cells and 
the adaptation of the protocols currently described and 
used in the human model. We can hope that significant 
progress will be made in the years to come to have such 
in vitro models in these species.

Figure 1 A schematic description of the generation of liver organoïds from hiPSC. A hiPSC were induced into definitive endoderm before 
being turned into hepatoblast and more mature hepatocyte following an adaptation of the Rashidi et al., protocol [22]. B The expression of different 
markers was detected by qRT-PCR and illustrates the loss of pluripotent marker (OCT4), the appearance of endoderm ones (SOX17, FOXA2) and 
then more specific hepatic markers (HNF4, AFP, ALB). C On mature organoïds, Albumin (ALB) is detectable by immunocytochemistry.
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Bovin insulin
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HGF + FGF + VEGF + EGF

Conclusion
The use of a protocol

defined for human cells with
adapted media supplemen-
ted with Zebularin allows
the assembly of liver
organoids of fairly good
quality from rabbit iPSCs.
However, the hepatocyte
medium needs to be
improved since the expres-
sion of the albumin gene
remains very low. Similarly,
the hepatocyte maintenan-
ce medium needs to be
carefully defined since the
organoids dissociated after
21 days of culture.

Overall, these data are
encouraging for the future
creation of a 3D cultured
rabbit liver model.
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