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This project generated mini liver tissue with hiPSCs derived Hepatoblast,
fetal hepatic stellate cells (HSC), endothelial progenitors, and monocytes. Within 10 days of
culture, these cells organized and matured into tissue-like structures with an increased expression
of hepatic function genes and secretion of Albumin. Moreover, lineage tracing and genetic analysis
showed that endothelial progenitors gradually developed into sinusoidal endothelial networks, HSC
maintained their quiescent characteristics, and monocytes were differentiated into Kupffer cells.
The typical liver-specific ultrastructure was also observed in the mini-liver tissues. When treating

these liver tissues with free fatty acids, we detected a marked lipid accumulation, resulting in an
enhanced immune response, activation of HSC, and hepatic injury. These results suggested that we
generated a hiPSC-derived mini liver tissue for studying development and treatment of human
nonalcoholic steatohepatitis.
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Liver disease accounts for an actua global burden on health sciences and economies (Asrani
et al., J Hepatol. 2019; GBD 2017 Cirrhosis Collaborators, Lancet Gastroenterol Hepatol. 2020).
The developed vaccination and newer drugs help reduce vira related liver diseases, but the
global prevalence of viral hepatitis remains high: about 325 million people are still living with
hepatitis infection (Wwww.who.int/health-topicghepatitis). Moreover, more than 75 million
people are diagnosed with acohol-use disorders and are at risk of acohol-associated liver
disease (Asrani et a., J Hepatol. 2019). Obesity and diabetes are the risk factors for non-
acoholic fatty liver disease and hepatocellular carcinoma, and approximately 2 billion adultsare
obese or overweight, and over 400 million have diabetes (Younossi, J Hepatol. 2019). Notably,
viral hepatitis, a cohol-associated liver disease, and non-alcoholic fatty liver disease are the most
common causes of liver cirrhosis and liver cancer; both are the most severe liver diseases and
cause approximately 2 million peopleto die per year worldwide. Therefore, to reduce the burden
caused by liver cirrhosis and liver cancer, there is an urgent need to devel op feasible therapeutic
strategies to prevent the progression of viral hepatitis, a cohol-associated liver disease, and non-
acoholic fatty liver disease.

Kinds of human cell-based models have been established for liver disease modeling and drug
screening. Hepatoma-derived cell lines are most widely used (Chavez-Tapia et a., Curr Med
Chem. 2011, Yan et al ., Elife. 2012). However, these cellsare from cancer patientswith abnormal
genotypes and poorly exhibit hepatic-specific functions. Primary human hepatocytes (PHHS) are
the gold standard for in vitro modeling liver disease. However, the donor shortage, quality
variability, and the loss of xenobiotic biotransformation enzymatic activity in a culture mostly
limited their usefulness (Alwahsh et a., Cell Mol Life Sci. 2017). Additionally, non-parenchymal
cells, such as liver sinusoidal endothelial cells (LSECs), HSCs, and KCs, also play critical roles
in the pathological process of liver disease (Bataller et a., J Clin Invest. 2005; Connolly et d., J
Immunol. 2010; Pradere et al., Hepatology. 2013). Co-culturing primary non-parenchymal cells
with PHHs would be a more natural method to model liver disease progression. However, the
usefulness of these non-parenchymal cells is also limited by the donor shortage and quality
variability, and co-culturing different donors derived PHHs and non-parenchymal cells may lead
toinstability of experimental results. So far, there is no human cell-based model that can contain
the same background derived hepatocytes, LSECs, HSCs, and KCs.

In the recent decade, significant efforts have been made in the hiPSCs differentiation, and
various terminal cell types, including hepatocytes, LSECs, HSCs, and KCs, have successfully
been differentiated from hiPSCs (Kgjiwara et a., PNAS. 2012; Coll et d., Cell Sem Cell. 2018;
Tasnim et a., Biomaterials. 2019; Gage et d., Cell Stem Cell. 2020). Studies have found that
these hiPSC derived liver-specific cells could also be used for in vitro modeling liver diseases
(Coll et d., Cell Sem Cell. 2018; Tasnim et al., Biomaterials. 2019). Nevertheless, how to
organize these hiPSCs derived hepatocyte and non-parenchymal cells into a liver model with
tissue architectural properties are still unknown. Instead of organizing these hiPSCs derived



liver-specific cells, amulti-cellular human liver organoid composed of hepatocyte-, stellate-, and
Kupffer-like cells has been generated to model steatohepatitis under free fatty acid treatment
(Ouchi et a., Cell metabolism. 2019). However, this multi-cellular liver organoid shows a cyst-
like structure that is much different from the liver’sregular hepatocyte arrangement. Additionally,
the lower population of KCs and the lack of LSECs also make it difficult to simulate disease
progression accurately.

In this project, we aim to generate a mini liver tissue containing hepatocyte and non-
parenchymal cells (LSECs, HSCs, and KCs) by using our advanced organoid technology
(Takebe et al. Nature. 2013; Takebe et al., Cell Rep. 2017; Nie et a., EBioMedicine, 2018).
Unlike the mixing of multiple cellsinto a 100 ~ 300um spheroid, we will generate the mini liver
tissue at a centimeter level by step-wisely mimicking the process of liver organogenesis. In this
3D liver tissue, we aim to recapitulate the sinusoid structure among hepatocytes, maintain the
quiescent characteristic of HSCs, and create anatural immune environment with KCs. Moreover,
with a combination of our developed hiPSCs derived proliferative liver progenitors, we aim to
establish a reproducible and productive model that can be used for high-throughput drug
screening. The proposed research is highly relevant to public health because it will develop a
mini liver tissue with complex cellular and architectural properties observed in the human liver.
We will test this mini liver tissue's usefulness in mimicking the progression of injury-induced
liver diseases. Thiswork will be critical for developing potential treatments to reduce the health
and economic impact of liver disease.

In this project, we generated mini liver tissue from hiPSCs derived progenitors, including
hepatoblast, fetal hepatic stellate cells, endothelial progenitors, and hematopoietic progenitors,
by step-wisely mimicking liver organogenesis. Next, we in vitro evaluated the functionality of
this mini liver tissue with an extended culture and investigated its usefulness in liver disease
modeling and drug screening.

1) Generation of liver-specific progenitorsfrom hiPSCs

With the optimization of culture conditions, we successfully generated proliferative
hepatoblast and hepatic stellate cells from hiPSCs. The hiPSC derived 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 proliferating 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 hepatocytes. The hiPSC-HSC could proliferate more than 10 to the 8th power
folds within 10 times of passage. Q-PCR and RNA sequencing revealed that repeated passages



did not induce the expression of activated HSC related genes.

2) Establishment of an immature mini liver tissuewith hiPSCs derived progenitors

To establish an immature mini liver tissue, we co-seeded hiPSC derived hepatoblagt, feta
hepatic stellate cells, endothelial progenitors, and monocytes in the 3D culture well, and these
cells could organize into liver bud organoids within 24h. To generate an immature mini liver
tissue, we transferred these organoids to a cell culture insert, and these organoids could self-
merge into amini tissue.

3) Characterization of the maturation of the mini liver tissue

Next, we developed an air-liquid interface culture method to promote the maturation of the
mini liver tissue. Within 10 days of culture, the mini liver tissue increased expression of hepatic
function genes and secretion of Albumin. The mini liver tissue also exhibited mature hepatic
functions such as Ammoniametabolism and Urea production. Moreover, lineage tracing showed
that endothelial progenitors gradually matured into vascular network structures, hepatic stellate
cells maintained their quiescent characteristics, and the survival of monocyte was supported
within the mini liver tissue microenvironment. Additionaly, we found that monocytes could
obviously improve the formation of vascular network structures. HE staining revealed that
hepatocytes were arranged similarly to liver tissue, and lots of vascular lumens were observed
among the hepatocytes.

We al so found an enriched expression of genesrelated to liver sinusoidal endothelial cellsand
Kupffer cells during maturation. Immunostaining analysis showed that these endothelial cells
were positively stained with sinusoidal endothelial markers, LYVE1L and FCGR2B. To confirm
the differentiation of monocytes, we performed flow cytometry to sort the monocyte from mini
liver tissue and compared their transcriptome with primary human Kupffer cells. The Kupffer
cells specific markers, CD5L, VCAM1, MACRO, KLF4, TIMD4, and FCGR3A, were aso highly
detected in these matured monocytes. These results suggest that the liver microenvironment
could significantly promote endothelia progenitors and monocytes to differentiate into liver
sinusoidal endothdlial cells and Kupffer cells, respectively.

4) Evaluation of the long-term maintenance of tissue structures and functions.

We next evaluated the tissue structures and functions with another 10-day extension culture.
Timelapse fluorescence microscopy analysis showed that the endothelia network and
characterigtics of hepatic stellate cells were well maintained in the mini tissue. Q-PCR revealed
the stable expression of hepatic and Kupffer cell related genes. Moreover, we did not observe
significant changes in the functions of mini liver tissue, including ALB production, and
Ammonia metabolism.

5) Modding Non-Alcoholic Steatohepatitis (NASH) development with the mini liver tissue

Wethen investigated whether the mini liver tissue could be used for studying the devel opment
of NASH. When treating these liver tissues with free fatty acids, we detected a marked lipid
accumulation, resulting in an enhanced immune response, activation of hepatic stellate cells, and



hepatic injury. We al so performed drug testing on the NASH mini tissue and found the inhibition
of immune response could help to attenuate the free fatty acids induced liver injury and
activation of hepatic stellate cells. These results suggested that we successfully established a
hiPSC derived mini liver tissuefor studying NASH devel opment and screening candidate drugs.
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