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1.  Development of treatment for metabolic liver 
disease by transplantation of human iPSCLB

Yasuharu Ueno1, Yunzhong Nie1, Yoshiki Kuse1, 
Takashi Okumura1, Toshiharu Kasai1, Eriko Ka-
nai1, Syusaku Tsuzuki1, Shinya Matsumoto1, Yumi 
Horie1, Erika Jinbo1, Satoshi Okamoto2, Tomomi 
Tadokoro2, Takuji Maeda2, Soichiro Murata2 and 
Hideki Taniguchi1,2 
1 Division of Regenerative Medicine, Center for 
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Institute of Medical Science, The University of To-
kyo
2 Department of Regenerative Medicine, Graduate 
School of Medical Science, Yokohama City Universi-
ty

Hepatocytes play crucial roles in maintaining ho-
meostasis in living organisms by carrying out various 
metabolic functions including ammonia detoxifica-
tion. Urea cycle disorders, inherited metabolic defi-
ciencies with hyperammonemia, are caused by a sin-
gle gene defect of the urea cycle enzymes or 
transporters. The lack of ornithine transcarbamylase 
(OTC), a rate-limiting enzyme in the urea cycle, is 
commonly referred as OTC deficiency (OTCD) and is 
the most common urea cycle disorder in human. Since 
iPSC-LBs possess OTC activity, the transplantation of 
iPSC-LB potentially supports the defective urea cycle 
in OTC patients and is expected as a novel effective 
therapy for the treatment of OTCD. To establish a 
new therapy with human iPSC-LB transplantation for 
OTCD patients, currently we are verifying the effica-
cy and safety of iPSC-LB transplantation to meet the 
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Currently, organ transplantation is the only effective treatment for patients with end-
stage organ failure; Unfortunately, the scarcity of transplantable organs hinders the 
application of this treatment for most patients. Recently, regenerative medicine 
prospect on the generation of transplantable organs has attracted much attention. 
Regenerative medicine is a frontier scientific field that integrating pioneer 
knowledge on developmental biology and stem cell biology as the foundation for 
clinical application. Our laboratory aims to develop the latest breakthrough in stem 
cell therapies as a substitute to the needs of organ transplantation. We have 
established novel organoid culture technologies to reconstruct human organs 
outside the body from stem cells, including human induced pluripotent stem cells 
(hiPSCs). Our latest work on the transplantation of human liver primordia (liver 
buds [LBs]) generated from hiPSCs aims to treat liver diseases, such as metabolic 
disorders and liver fibrosis. Recently, we expand the application of our technologies 
to reconstruct artificial refractory cancer tissue (cancer organoid) with actual tumor 
microenvironment for developing a new drug-screening platform to discover 
candidate compounds that could prevent cancer relapse and metastasis.
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clinical research standard. The renal capsule trans-
plantation of iPSC-LBs demonstrated hepatic func-
tions in immunodeficient OTCD mice through the 
improvement of hyperammonemia, indicating the 
transplantation efficacy of iPSC-LBs for treating 
OTCD. 

As the next step, we are now preparing for clinical 
trials on OTCD patients and considering to expand 
the target diseases for transplantation treatment us-
ing hiPSC-LBs. 

To this end, by using Statistical Design of Experi-
ments (DOE) method, we have established a very sta-
ble differentiation induction algorithm for the induc-
tion of hepatic endoderm cells from human iPSCs. 
Lastly, in order to improve therapeutic effects of iP-
SC-LB transplantation, the adjustment on the number 
of human iPSC-LBs for each transplantation might be 
required. Therefore, we have developed a method for 
transplanting hiPSC-LBs on the liver surface, and 
plan to establish a protocol to reduce the immune re-
sponse after allogeneic transplantation (Int J Mol Sci, 
22(21):11589, 2021, Cells, 10(2):476.). 
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The development of new transplantable human 
livers from hiPSCs is urgently needed due to the pro-
found shortage of transplantable donors to treat end-
stage liver diseases. Our laboratory has developed 
three-dimensional (3D) vascularized liver organoids 
(LOs) from hiPSCs by mimicking the early liver or-
ganogenesis. We are currently investigating the po-
tential application of the LOs for treating liver diseas-
es, including inherited metabolic liver disease and 
liver cirrhosis. To further accelerate the adoption for 
clinical translation, we aim to establish an efficient, 
simple, and low-cost culture system to realize the 
massive production of LOs without iPSC contamina-
tion. With a comprehensive understanding of fetal 
liver development, we successfully generated prolif-
erative hepatoblasts and hepatic stellate cells from 
human iPSCs. These human iPSC-derived hepato-
blasts demonstrated repopulation potential in mouse 
liver injury models, whereas human iPSC-derived 
hepatic stellate cells functioned as non-parenchymal 
cells that support the LOs generation. Moreover, we 

establish a Matrigel-free and 3D-microwell plate-free 
method for LOs generation, making it possible to pro-
duce a large amount of LOs more efficiently for trans-
lational studies. Now, we plan to combine the afore-
mentioned techniques to establish a safe and effective 
therapeutic strategy for liver diseases.
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To overcome the critical shortage of donor organs, 
the generation of hiPSC-liver with structures and 
functions similar to the liver is anticipated. Blood per-
fusion is the critical event for organ growth by sup-
plying nutrients and oxygen. However, tissue perfu-
sion is lacked in the present organoid culture system. 
We are developing a perfusion culture system through 
two distinct approaches; First, hiPSC-liver buds (LBs) 
integrated with an artificial blood vessel, and second, 
the establishment of decellularized liver tissue con-
taining hiPSC-LBs.

As the first approach, we have generated the hiP-
SC-derived macrovessel consisting of collagen gels 
scaffold, hiPSC-derived vascular smooth muscle cells 
(SMC), and the delineating vascular endothelial cells 
(EC). We clarified that hiPSC-derived macrovessel is 
histologically similar to the vascular structure of in 
vivo blood vessels. However, when macrovessels 
were co-cultured with hiPSC-LBs, ECs within the 
macrovessels did not show any sign of angiogenesis. 
Therefore, we established a novel induction method 
to differentiate hiPSC into a specific lineage of ECs 
which existed around the fetal liver during liver de-
velopment. hiPSC-derived macrovessel containing 
that specific lineage of ECs demonstrated a higher an-
giogenic potentials. Followingly, we are optimizing a 
method to initiate the connection between the human 
iPSC-derived macrovessels and the microvessels 
within human iPSC-LBs for the establishment of an 
organoid perfusion system.

As the second approach, we utilized decellular-
ized liver tissue in which in vivo vascular structures 
remain intact. Decellularization technique has been 
well established as a scaffold for organ reconstitution 
since the final output material potentially retain the 
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architecture of the original tissue including the extra-
cellular matrix. A recent report shows that the recellu-
larized liver using hepatocytes exerts liver specific 
functions after transplantation. However, the vascu-
lar structures in that study are not well reconstructed, 
and hepatocyte functions are very limited. We are 
now challenging to generate more functional recellu-
larized liver by the infusion of human iPSC-derived 
LBs into decellularized liver.
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Early detection of pancreatic cancer is challenging 
due to the poor characterization of clinical symptoms. 
As pancreatic cancer is highly recurrent and high in 
metastasis rate, it is often resulting in a poor progno-
sis. Based on the organ bud technology developed in 
our regenerative medicine studies, we used primary 
pancreatic cancer cells isolated from Japanese pancre-
atic cancer patients to create a human primary pan-
creatic cancer organoid that could resemble the pan-
creatic cancer microenvironment. In this year, we 
modified further the pancreatic cancer organoids that 
we generated last year, and our current cancer orga-
noid could closely recapitulatethe structure of clinical 
tissue in compared to those of conventional orga-
noids. 

In particular, our modified pancreatic cancer orga-
noids possess various types of cancer-related fibro-
blasts (CAFs) which might contribute to the cancer 
malignancy. Moreover, modified organoids with a 
specific type of CAFs showed re-proliferation capaci-
ty of cancer cells after chemotherapy in vitro. To con-
clude, this novel cancer organoid has successfully im-
proved in reproducing the characteristic of pancreatic 
cancer in vitro. Therefore, applying this new cancer 
organoid technology for therapeutic drug screening 
and biological analysis might play a vital role in con-
tributing to the new findings.

5.   Space  Organogenesis  (Development  of  ad-
vanced 3D organ culture system utilizing mi-
crogravity environment)
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Microgravity in orbit does not cause subsidence or 
convection and is considered advantageous in ex-
panding cells in three-dimension. By utilizing this mi-
crogravity environment, we aim to develop a novel 
method for generating human iPSCs-derived liver 
tissue in collaboration with Japan Aerospace Explora-
tion Agency (JAXA). In detail, we attempt to establish 
the new technique of generating three-dimensional 
organs containing large blood vessels. We prepared 
human iPSCs derived liver buds (hiPSC-LBs) and ar-
tificial vessels on the earth. These were placed into the 
culture container and launched to the International 
Space Station “KIBO”. From the first flight, we con-
firmed that hiPSC-LBs were successfully gathered 
onto the artificial vessel under microgravity, as in sili-
co simulation suggested. After culturing hiPSC-LBs 
for a predetermined period in the incubator installed 
in “KIBO”, samples were transferred to the earth. Ad-
herence and fusion of hiPSC-LBs were observed on 
the artificial vessels in the samples cultured in orbit, 
especially endothelial cells started to extend their fi-
lopodia-like structure. Using qRT-PCR analysis of 
ground controls and flight samples, comparable ex-
pressions of hepatic, endothelial cell-related, and 
mesenchymal cell-related genes were observed in 
both samples. In addition, gene ontology analysis of 
RNA-seq data revealed that genes related to triglycer-
ide homeostasis, cholesterol biosynthetic process, 
MAPK pathway, and angiogenesis were enriched in 
flight samples, indicating that space environment 
could provide optimal condition for tissue construc-
tion. These findings will uncover the effects of gravity 
on cell growth and differentiation. We expect the re-
search results obtained in space experiment contrib-
ute to the subsequent development and understand-
ing: (1) Development of a new technique for human 
three-dimensional tissue preservation and transpor-
tation, which is crucial to the product under regener-
ative medicine before practical use. (2) Establishment 
of a novel technique in generating human organs 
joined with large blood vessels. (3) Development of a 
new three-dimensional culture device simulating the 
microgravity environment on the earth.

6.  Generation of bile duct tubules in hiPSC-liver 
buds 
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Intrahepatic bile duct tubule (IHBD) is the crucial 
tissue structure for maintaining liver homeostasis by 
providing the excretion route for the bile secreted 
from hepatocytes. Although various types of liver or-

ganoids have been established, generation of tubu-
lar-shaped bile duct within hiPSC-liver organoid has 
not been reported. Here, we focus on an environmen-
tal cue to form tubular BDs, specifically the interac-
tion between liver progenitors with portal vein (PV). 
To recapitulate fetal PV-BD tissue interaction, we de-
veloped a new co-culture system in which the hiP-
SC-liver progenitors are located next to the PV-like 
hiPSC-blood vessel (BV). Now we are refining the cul-
ture conditions to induce the differentiation of bipo-
tential liver progenitor cells to cholangiocytes and the 
tubule formation of iPSC-BD in the three-dimensional 
co-culture system.
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