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We previously found that liver organoids (LOs) derived from hiPSC might be a

potential alternative for liver transplantation. This project aimed to generate hiPSC derived
proliferative liver progenitors and establish an efficient LO production system. With the
optimization of culture conditions, we have generated proliferative Hepatoblast and fetal hepatic
stellate cells, which could be proliferated 10 times and 10 times, respectively. We also
transplanted these proliferative progenitors into immunodeficiency mice and did not observe tumor
formation at the transplant sites. Moreover, we found the transplanted Hepatoblast could repopulate
in the liver of chronic liver injury models and mature into functional hepatocytes. To further
improve the production efficiencx, we developed a matrix- and 3D microwell-free method to generate
LOs with these progenitors, which exhibited an improved hepatic function compared with the
conventional method derived LOs.
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Liver disease causes agloba economic burden and accounts for approximately 2 million deaths per year
worldwide (Asrani et al., J Hepatol. 2019). For end-stage liver diseases, the only proven treatment is liver
transplantation, while thereis still a persistent profound shortage of transplantable donors in the recent 20
years (www.organdonor.gov). Therefore, the development of new transplantable human livers is urgently
needed. By recapitulation of the early liver organogenesis, Our lab has established a three-dimensional
vascularized LO from hiPSC that can grow and help to rescue the drug-induced lethal liver failure model
invivo. (Takebeet al., Nature. 2013; Takebeet al., Nat Protoc. 2014; Takebeet al., Cell Rep. 2017). Current,
we are investigating this clinical application of this LO for the treatment of liver diseases, while this
advanced method for LOs could not meet the needs of human-scale production of LOs because of the
following problems. 1)It lacks a stable hiPSC culture and differentiation system that can culture and
differentiate 10° cells at the same time; 2) The undifferentiated hiPSC could not be excluded during the
process, 3) It istoo expensive and time-costing for LOs production; 4) There is no hepatic stellate cells, a

critical mesenchymal population during liver development, in the advanced LOs.

In this project, we aim to develop original and robust methods for the generation of hiPSC derived
proliferative progenitors that exist in the fetal liver, including hepatoblast, fetal hepatic stellate cells, and
endothelia progenitors, and then to establish LOs with these proliferative progenitors. These progenitors
derived LOs will be much close to the characteristic of the fetal liver that will be beneficial to improving
the effectiveness of treatment. Since these progenitors acquire the proliferative capacity, the massive culture
and differentiation of hiPSC are unnecessary, and the human-scale production of LOs will be much more
costless and accessible. Moreover, it is easy to purify the progenitor cells without the contamination of
undifferentiated hiPSCs, which will significantly improve the transplantation safety of LOs. Therefore, the
development of proliferative progenitors derived LOs will provide a promising, safe, and effective

therapeutic strategy for liver diseases.

First of al, we differentiated proliferative progenitors, hepatoblast, septum transversum (a progenitor
cell of the fetal hepatic stellate cell), and endothelial progenitors with our published protocol (Takebe et al.,
Cell Rep. 2017; Nie et al., Hepatology, 2022). To maintain the proliferative capacity of these progenitors,
we developed and optimized a combination of cytokines and small-molecule compounds in chemically
defined media. The characteristics of these progenitors were detected with gene analysis (Q-PCR and RNA
sequence), flow cytometry, and immunostaining. M oreover, we eval uated the proliferative capacity of these
progenitors with a repeated passage and investigated their tumorigenicity with NOG mice. In addition, we
explored the repopulation capacity of the proliferative hepatoblast by transplanting them into TK-NOG

mice with chronic liver injury. Finally, we developed a matrix-free method to generate LOs with these



progenitors. Q-PCR, ELISA, and transplantation experiments were used to confirm the newly generated

LOsin vitro and in vivo.

(1) Generation of praliferative hepatoblast from hiPSCs

To differentiate hepatoblast, we first cultured hiPSC in an endoderm differentiation medium, and then
changed it into a hepatic specification medium (Nie et al., Hepatology, 2022). When tracing the expression
of lineage specific genes during the differentiation process, we found the hiPSC derived hepatoblast showed
alow expression of Pluripotent and endoderm related genes, and a high expression of AFP, ALB aswell as
hepatoblast specific genes (TBX3, DLK and C-MET). We aso confirmed the hepatobalst cell fate with
Immunostai ning and flow cytometry. Immunostaining revealed these cells were positively stained HNF4A,
SOX9, TBX3 and A1AT, ALB, AFP, CK19, and KI167. Flow cytometry showed that more than 90% of cells
express EpCAM, CD13, CD54, CD324, and CD133. Additionally, these cells were negatively stained by
Pluripotent, mesoderm, endoderm related makers.

When sub-cultured hepatoblast in a proliferation medium (Nie et al., Hepatology, 2022), we observed
rapid cellular growth within 7 days. Q-PCR revealed that the proliferative cells could maintain the
expression of hepatoblast specific genes but lost the expression of hepatic lineage genes (AFP and ALB).
To improve the hepatic characteristics of the proliferative cells, we optimized the combination of cytokines
and small-molecular compounds and found a suitable combination to maintain the expression of hepatic
lineage genes as well as hepatoblast specific genes. By optimizing the culture medium, we found that
hepatoblast could proliferate more than 10 to the 18th power folds within 15 times of passage. ELISA-,
immunostaining-, and flow cytometry-based analyses show that proliferate cells could maintain hepatoblast
characteristics during passages. Moreover, the passaged hepatoblast could also be successfully
differentiated into hepatic like cells with ALB production, comparable to hiPSC derived hepatocyte.

Next, we investigated the tumorigenicity and repopulation capacity of hepatobalst in vivo. Proliferative
hepatoblasts were intrasplenically transplanted into TK-NOG mice after the gancyclovir-induced liver
failure. After 8 weeks of transplantation, we detected a noticeable increase of human ALB production in
mice serum. The production of human ALB could be maintained for more than 40 weeks. Histology analysis
showed that Hepatobal st were matured into functional hepatocytes, with positive staining of CY P3A4 and
CYP2EL, but negative staining of AFP and CK 19. Additionally, we did not detect an abnormal proliferation
of Hepatobalst in transplanted grafts.

(2) Generation of praliferative hepatic stellate celsfrom hiPSCs

We previously successfully differentiated hiPSC into septum transversum mesenchyme, a progenitor of
hepatic stellate cells. However, the differentiation of septum transversum mesenchyme (STM) into hepatic
stellate cells (HSCs) has not been achieved (Takebe et al., Cell Rep. 2017). By screening kinds of cytokines
and small-molecule compounds, we successfully promote STM to mature into HSCs, with the capacity of

retinol uptake. RNA sequencing showed that the characteristics of hiPSC-HSCswere much closeto primary



human HSCs, but with lower expression of activated HSC related genes. Moreover, we found that HSC
could proliferate more than 10 to the 8th power folds within 10 times of passage. Q-PCR revealed that
repeated passages did not induce the expression of activated HSC related genes. To evaluate the
tumorigenicity of HSCs, we transplanted GFP labeled HSCs into the sub-renal capsule of mice. After 4
weeks of transplantation, the transplanted grafts were detected with the confocal microscope, and no tumor
formation was observed in these grafts.
(3) Generation of liver organoid with proliferative progenitors

Here, we also developed a matrix-free method to generate liver organoids. When seeding hepatoblast,
hepatic stellate cells, and endothelial progenitors on a pretreated culture plate, these three types of cells
could self-organizeinto 3D structures within 24 hours. Live imaging showed endothelial network formation
in the organoid, and hepatic stellate cells were next to the endothelial network. Compared to our previous
LOs generated with hepatic endoderm, STM, and endothelial progenitors, the proliferative progenitors
derived LOs had a much higher expression of hepatic lineage genes as well asALB production. To confirm
the in vivo functions of proliferative progenitors derived LOs, we transplanted the progenitors derived LOs
into mouse cranium, and found the human ALB production in proliferative progenitors derived LOs was
much higher than our previous LOs. 28 days later, we found the endothelial progenitors could mature into
functional vascular, and hepatic lineages were mature into functional hepatocytes by positive staining of

CYP3AA4.
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