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Modelling Human Biology With Pluripotent Stem Cell Derived Hepatocytes

David Hay
University of Edinburgh’s MRC Centre for Regenerative Medicine

Despite the major progress in the management of human liver disease, the only cure for a
critically failing organ is liver transplantation. While a highly successful approach, the use
of cadaveric organs as a routine treatment option is severely limited by the organ
availability. Therefore, the use of cell based therapies has been explored to provide liver
support for the failing organ. In addition to developing new treatments, there is also an
imperative to develop better human models ‘in a dish’. Such approaches will undoubtedly
lead to a better understanding behind the disease process offering new treatment or
preventative strategies. With both approaches in mind, we have developed robust
hepatocyte differentiation methodologies for use with pluripotent stem cells. Importantly,
our procedure is highly efficient (>90%) and delivers active, drug —inducible, and
predictive human hepatocyte populations.

Biosketch

Dr. David Hay is a Principal Investigator at the University of Edinburgh’s MRC Centre for
Regenerative Medicine. David has worked in the field of stem cell biology and
differentiation over the last decade. David’s work has highlighted the importance of
inter-disciplinary research in delivering phenotypically stable human hepatocytes from
pluripotent stem cells. The impact of this work has led to a number of publications,
successful grant applications, a spin-out company and regular appearances at high profile
conferences.



Evaluation of metabolism and toxicity of chemicals using the HepaRG cell line

André Guillouzo
INSERM U991 Faculté de Pharmacie, France

Primary human hepatocyte cultures are usually considered as the most pertinent in vitro
cell model to mimic the human liver in vivo, as widely shown for drug metabolism and
toxicity studies. However, scarce and unpredictable availability, large inter-donor functional
variability and occurrence of early phenotypic alterations, limit their use. Hepatic cell lines
could represent an alternative but they have usually lost most of their bioactivation capacity
and consequently, are of limited interest. The HepaRG cell line derived from a cholangio-
hepatocarcinoma of a female patient represents, however, at least one exception. HepaRG
cells can differentiate from a stem cell/progenitor state to mature hepatocytes and primitive
biliary cells (1). They expressed from 81 to 92% of the genes active in human hepatocytes
and are highly polarized cells with specialized apical and sinusoidal domains. As primary
human hepatocytes HepaRG hepatocytes express various phase | and phase Il xenobiotic
metabolizing enzyme activities as well as transporters and nuclear receptors, and are
responsive to prototypical inducers and inhibitors. Since these cells can remained
functionally relatively stable at confluence for several weeks they can be used for chemical
metabolism and toxicity studies following either acute or repeat treatments. Different types
of hepatotoxic lesions, including cell death, steatosis, cholestasis and phospholipidosis,
have been observed after acute and/or repeat treatment with reference drugs. In particular,
in vitro drug-induced vesicular steatosis was demonstrated for the first time (2) and the role
of oxidative stress in the induction of cholestatic features, including changes in bile acids
profiles, was evidenced after treatment with cholestatic drugs, such as chlorpromazine and
cyclosporine A (3, 4). Altogether, the results support the conclusion that the human
HepaRG cells are metabolically competent and represent a surrogate to primary human
hepatocytes for investigating drug metabolism parameters and both acute and chronic
effects of xenobiotics in human liver. However, the data do not reflect inter-individual
variability that can be investigating with primary human hepatocytes.

Biosketch

Dr. André Guillouzo graduated from the University of Rennes in 1968 and the University of
Paris 6 in 1969. He got an INSERM position in 1969 and worked in Rennes and Paris. In
1995 he was appointed as a Professor of Toxicology at the Faculty of Pharmacy, University
of Rennesl and has now the exceptional class level. From 1986 to 2007 he has headed
INSERM units in Rennes. He has published more than 300 articles including reviews
(listed in Pubmed) and received several prices, such as the Galien price in 2007. He has
served as a member or president of a number of national scientific committees, and as a
scientific expert for the European Community and many foreign research organizations. He
is also presently responsible for the “Contaminants and Health” program at the French
Agency for Research (ANR). His areas of expertise are Hepatology and Toxicology,
especially chemical metabolism and toxicity using human liver cell cultures (primary human
hepatocytes and the HepaRG cell line).
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Induction of functional human hepatocyte-like cells from fibroblasts

Lijian Hui
Shanghai Institute of Biochemistry and Cellular Biology, Chinese Academy of Sciences

The generation of large numbers of functional human hepatocytes for cell-based
approaches to liver disease is an important and unmet goal. Direct reprogramming of
fibroblasts to hepatic lineages could offer a solution to this problem, but so far has only
been achieved with mouse cells. Here, we generated human induced hepatocyte-like
(hiHep) cells from fibroblasts by lentiviral expression of FOXA3, HNF1A, and HNF4A.
HiHep cells express hepatic gene programs, can be expanded in vitro, and display
functions characteristic of mature hepatocytes including cytochrome P450 enzyme activity
and biliary drug clearance. Upon transplantation into mice with concanavalin A-induced
acute liver failure and fatal metabolic liver disease due to fumarylacetoacetate dehydrolase
(Fah) deficiency, hiHep cells restore the liver function and prolong survival. Collectively, our
results demonstrate successful lineage conversion of non-hepatic human cells into mature
hepatocyte-like cells with potential for biomedical and pharmaceutical applications.

Biosketch

Dr. Lijian Hui obtained his Ph.D. degree from Shanghai Institute of Biochemistry and Cell
Biology (SIBCB) in 2003. He had his postdoc training at Institute of Molecular Pathology,
Vienna, Austria. Dr. Hui was the first to characterize the in vivo functions of p38 and JNK
MAP kinases in liver tumorigenesis. His study showed that JNK1 is a potential target for
liver cancer therapy. After moving back to SIBCB to setup his own lab at the end of 2008,
Dr. Hui continues his interest on understanding the mechanistic regulation underlying
tumorigenesis of normal cells (Nature Cell Biology 2012; Hepatology 2013). Recently,
taken hepatocytes as the experimental system, his lab has initiated studies on cell lineage
conversion, specifically focusing on induction of functional hepatocyte-like cells from cells
of non-hepatic origin (Cell Stem Cell 2014, Nature 2011).
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Reprogramming to derive hepatic stem/progenitor cells/progenitors and their
differentiation capacities

Xin Wang
The Key Laboratory of Mammalian Reproductive Biology and Biotechnology (National
Education Ministry), Inner Mongolia University, Hohhot, China

After the reprogramming of cell fate was proved in iPSs, reprogramming has been used to
as a method to generate any types of cells within the limitation of human’s imagination and
the ambitions to get benefits for human beings. We have been trying to derive various liver
cells for our interests and purposes, including hepatocytes, hepatic stem/progenitor cells
and endordemalstem/progenitor cells. We previously reported generation of induced
hepatocyte-like (iHep) cells by transduction of Gata4, Hnfla, and Foxa3 in p19 Arf null
mouse embryonic fibroblasts (MEFs). Here, we show that Hnflb and Foxa3, liver
organogenesis transcription factors, are sufficient to reprogram MEFs into induced hepatic
stem cells (iHepSCs). iHepSCs can be stably expanded in vitro and possess the potential
of bidirectional differentiation into both hepatocytic and cholangiocytic lineages. In the
injured liver of fumarylacetoacetate hydrolase (Fah)-deficient mice, repopulating iHepSCs
become hepatocyte-like cells. They also engraft as cholangiocytes into bile ducts of mice
with DDC-induced bile ductular injury. Lineage conversion into bipotential expandable
iHepSCs provides a strategy to enable efficient derivation of both hepatocytes and
cholangiocytes for use in disease modeling and tissue engineering.

Biosketch

Dr. Xin Wang obtained his Ph.D. degree of molecular pharmacology from the State
University of New York at Buffalo in 1998 after finishing thesis in Dr. Stanley Halvorsen’s
laboratory. Afterward, he worked as a postdoctoral fellow in Oregon Health & Science
University, supervised by Dr. Markus Grompe from 1998 to 2002. From 2003 to 2006, he
worked in Stem Cell Institute, University of Minnesota, as tenure-track assistant professor.
He then shifted from University of Minnesota to Shanghai Institute of Biochemistry and Cell
Biology and became a full professor in 2007. In 2011, his lab moved to The Key Laboratory
of Mammalian Reproductive Biology and Biotechnology (National Education Ministry),
Experimental Animal Center, Inner Mongolia University. His research interest is in the fields
of liver cell biology and liver developmental biology.
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Epigenetic modification of adult stem cells improves hepatic phenotype
differentiation and function

Andreas K. Nussler
The Institute for Traumatology Research, BG Clinic for Trauma and Reconstructive
Surgery, Eberhard Karls University Tubingen, Germany

Adipose-derived mesenchymal stem cells (Ad-MSCs) have therapeutic value in the context
of cell transplantation. However, these cells can also undergo an age-related deterioration
in their utility. In aging and stem cell growth as well as in differentiation, in vitro epigenomic
changes in DNA methylation which result in gene silencing, and which correlate with
alterations in cell potency and phenotype are known to occur. In this study, we present an
age-associated decline in the proliferation of Ad-MSCs and a decreased expression of the
NANOG, OCT-4 and LIN28A genes, which is accompanied by an impaired hepatic
differentiation potential of Ad-MSCs from old donors (>60yrs old) in comparison to those
from younger donors (<45yrs old). The 5-hydroxymethylcytosine (5hmC)/5-methylcytosine
(5mC) distribution and the expression of TET genes have been evaluated to assess for
evidence of DNA demethylation. Treatment with epigenetic modifying drugs (5-Azacytidine,
BIX01294) has increased the proliferation of Ad-MSCs and enhanced hepatic
differentiation. In addition, we have observed improved phase | and phase Il activity along
with enhanced durea production. Our data suggest that epigenetic modification of
Ad-MSCs from aged donors could enhance their utility for in vitro application and possibly
also for cell therapy. This improvement of Ad-MSCs from old donors was associated with
an increased presence of 5hmC as well as with an increased TET2 and TET3 gene
expression. Our data show a decrease of DNA hydroxymethylation in Ad-MSCs correlates
with aging, and that a treatment with AZA and BIX provides a possible approach to
rejuvenating Ad-MSCs from aged donors.

Biosketch

Prof. Andreas K. Nissler is a German native. He has studied pharmacy and human biology
in Germany and France. He received his Ph.D. from University Paris VI, France in 1991.
From 1991 to 1994, he worked as a research assistant professor at Pittsburgh Medical
School, USA. From 1994 to 2003, he was a group leader at the experimental surgery unit
of the University of Ulm and the Charité in Berlin, Germany. From 2003 to 2007, he was
CSO and Program Manager at Fresenius and its subsidiaries leading various stem cell
projects. Between 2007 and 2011, he was Head of R&D at the trauma department of the
Technical University Munich. In September 2011, he joined the University of Tubingen and
became head of a new research institute that coordinates clinical and basic research in
traumatology. Since 2012, he has been a Professor for Experimental Medicine at the
University of Tubingen. He has published over 270 peer-reviewed papers, book chapters,
and reviews, and has given over 170 speeches. He is a reviewer for over 75 international
journals and organizations, and part of many international research clusters. His main
scientific interests are the use of human liver cell culture models, Ad-MSC-derived cells in
aging and tissue regeneration, as well as their use in in-vitro metabolisms.
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The role of oxysterol receptors - LXRs - in liver metabolism and hepatocyte
differentiation

Knut R. Steffensen
Karolinska University Hospital, Stockholm, Sweden

Nuclear receptors are master regulators of transcriptional programs that integrate the
homeostatic control of almost all biological processes. Their direct mode of ligand
regulation and genome interaction is at the core of modern pharmacology. The two ‘Liver X
Receptors’ LXRa and LXRB are amongst the emerging newer drug targets within the
nuclear receptor family. LXRs are best known as oxysterol receptors and physiological
regulators of lipid and cholesterol metabolism. Because LXRs control diverse pathways in
development, reproduction, metabolism, immunity, and inflammation, they emerge as
therapeutic targets for diseases as diverse as lipid disorders, atherosclerosis, chronic
inflammation, autoimmunity, and cancer and neurodegenerative illnesses. Recent insight
into LXR signaling indicates that LXRs play important roles in differentiation of iPSC to
various linages. Novel roles of LXRs in human liver physiology and differentiation of iPSC
to mature hepatocytes will be presented.

Biosketch

Positions and Work Experience

2013-: Group Leader at Division of Clinical Chemistry
2012-: Associate Professor in Molecular Medicine
2009-12: Assistant Professor, Karolinska Institutet

2004-08: Post Doctor, Karolinska Institutet
1989-90: Petty Officer, Royal Norwegian Navy

Education and Training
1998-2004: Ph.D. studies, Department of Biochemistry, University of Oslo, Norway.

2001: Visiting scientist, Genome Institute of Singapore (3 months).

1999: Visiting scientist, Laboratory of Molecular Endocrinology, CHUL Research
Center, Quebec, Canada (3 months).

1996: M.Sc., Department of Medical Biochemistry, University of Oslo, Norway.

1992: Bioengineer, College of Engineering, Sarpsborg (Jdstfold), Norway.

Scientific Achievements

~70 peer-reviewed original and 7 summary articles in international journals or book series.
The work reports on the biological functions of the oxysterol receptors/liver x receptors
(LXRs). The studies aim to understand the molecular mechanisms of LXR signaling and
their roles in physiology and in metabolic disease, inflammation and cancer.

Several invited talks at international conferences and meetings. Reviewer and external
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evaluator for multiple international journals and funding agencies on a regular basis.

2013-16: Partner in a framework consortium; studying metabolism funded by the Swedish
Research Council
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Novel Applications of the Sandwich-Cultured Hepatocyte Model for Transporter
Evaluation in Drug Discovery and Development

Kim Brouwer
University of North Carolina at Chapel Hill, USA

Accurate predictions of hepatobiliary drug disposition and hepatotoxicity facilitate drug
discovery and development. Sandwich-cultured hepatocytes (SCH) are a versatile in vitro
model to assess hepatic drug transport (uptake, basolateral efflux, biliary clearance) using
B-CLEAR® technology. The utility of this model system to predict in vivo biliary clearance
and to investigate the effects of targeted RNAi knockdown of transport proteins on
hepatobiliary drug disposition has been demonstrated. Recently, SCH have been
employed to quantify intracellular drug/metabolite concentrations, to evaluate
transporter-based drug interaction mechanisms (direct and indirect), and to examine the
drug metabolism-transport interplay. Novel applications of SCH as a screening tool to
assess bile-acid mediated drug-induced liver injury, transporter induction, the
phospholipidosis potential of compounds, and to determine the contribution of basolateral
vs. biliary efflux to hepatic drug disposition will be discussed. Culturing hepatocytes in a
sandwich configuration to maintain polarized architecture and liver-specific functions has
led to significant advances in our understanding of hepatic drug transport processes and
transporter-mediated drug-drug interactions.

Biosketch

Dr. Brouwer is the William R. Kenan, Jr., Distinguished Professor and Chair of the Division
of Pharmacotherapy and Experimental Therapeutics at the UNC Eshelman School of
Pharmacy, and Professor in the Curriculum in Toxicology, School of Medicine, at the
University of North Carolina at Chapel Hill. Dr. Brouwer received her BS in Pharmacy from
Oregon State University, PharmD/residency training and a Ph.D. in Pharmaceutical
Sciences/Pharmacokinetics from the University of Kentucky (UK) College of Pharmacy,
and postdoctoral training in Pharmacology/Drug Metabolism in the UK College of Medicine
prior to joining the UNC faculty in 1986. She directs an NIH-funded research program
focused on hepatobiliary drug disposition, hepatic transport proteins, and
development/refinement of in vitro models to predict in vivo hepatic drug disposition, drug
interactions, and hepatotoxicity. She has expertise in developing mathematical models and
applying modeling/simulation to aid in the analysis and interpretation of in vitro and in vivo
data in adults and pediatrics. She was founding Director of the UNC
Pharmacokinetics/Pharmacodynamics Fellowship Program and is Co-PI of an NIH-funded
Postdoctoral T32 Training Program in Clinical Pharmacology. She has mentored more than
37 clinical pharmacology fellows, 18 postdoctoral fellows/visiting scholars, 30 doctoral
students, and 23 undergraduate/ honors students. She has published more than 180
peer-reviewed research papers and book chapters, and is co-inventor of B-CLEAR®, an in
vitro method to assess hepatic uptake, excretion and biliary clearance that correlates with
in vivo data, and several related patents. These technologies have been licensed
exclusively from UNC to Qualyst Transporter Solutions, a UNC spin-off company that Dr.
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Brouwer co-founded. She is a member of the International Transporter Consortium
Steering Committee, co-Chair of the NICHD Pediatric Transporters Working Group, serves
on the Board of Directors of the American Society for Clinical Pharmacology and
Therapeutics, and is a member of the editorial advisory boards for Clinical Pharmacology
and Therapeutics, CPT: Pharmacometrics & Systems Pharmacology, and the AAPS
Journal. She served as a member of the NIH Pharmacology Study Section (1998-2002)
and the NIH Quantitative and Systems Pharmacology Working Group. Dr. Brouwer was
recognized as an AAPS Fellow in 1998 and received the PHRMA Foundation Award in
Excellence in Pharmaceutics in 2001. In 2009, she was named a Kenan Distinguished
Professor, one of the highest honors bestowed on UNC faculty.
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The gap between primary hepatocytes and hepatocyte-like cells

Guoyu Pan
Shanghai Institute of Materia Medica, CAS China

Primary hepatocytes are widely used in fundamental research, clinic and pharmaceutical
industry. It represents the gold standard for in vitro studies and the precious resources of
liver transplantation and bioreactors. However, the scarce of donors and the complexity of
cell culture make people seek for alternative tissue sources. Epigenetic reprogramming of
somatic cells into hepatocyte-like cells has attracted much attention because of the
potential for customized transplantation therapy, without a requirement for ES or iPS cells.
The direct reprogramming strategy is another milestone for the generation of unlimited
hepatocyte-like cells. However, our understanding of the mechanisms of hepatocytes
differentiation state is still poor and there are huge gaps between primary hepatocytes and
novel hepatocyte-like cells. This presentation will provide an overview of the challenges of
hepatocyte-like cell development from transporter perspective, which was not fully
characterized before, and discuss how to utilize primary hepatocytes or hepatocyte-like
cells in pharmaceutical industry with our own experiences.

Biosketch

Dr. Guoyu Pan got his Ph.D. degree in China Pharmaceutical University in 2003. He
conducted postdoc research in University of Minnesota, Minnesota, USA in 2004. In 2007,
he joined Novartis Institute of Biomedical Research (NIBR) in Boston. As one of the
leaders of Novartis transporter committee and the Head of Mechanistic Lab, he focused on
the investigation of drug candidate pharmacokinetic profiles from drug-drug interaction
perspectives. In 2011, Dr. Pan joined SIMM and successfully setup a high quality
bioanalysis center, which claimed GLP compliance. The lab has passed OECD inspection
and could conduct PK/TK studies for IND filing to Europe, US or China. Dr. Pan’s current
research focuses on toxicokinetics and drug-induced liver injury (DILI), e.g., the connection
between liver transporters and cholestasis. His group just identified the mechanisms of
ANIT liver toxicity and the impacts of type 1 and 2 diabetes on bcrp expression and
function. His Lab is also focused on assessing the feasibility to apply novel hepatocyte-like
cells in pharmaceutical industries.

18



Application of hepatocytes in drug metabolism studies

Ji'Y. (Jeff) Zhang
Novartis, China

Hepatocytes represent a well-accepted in vitro cell culture system for studies of drug
metabolism in drug discovery and development. Freshly isolated or cryopreserved
hepatocytes can be used to measure metabolism rate and characterize the metabolites of
test substances. Compared with other in vitro systems such as liver microsomes, which
contain a significant portion of Phase | enzymes including CYP450 enzymes, primary
hepatocytes contain a more complete metabolic system, including Phase | and Phase I
metabolism, and are a stronger predictor of in vivo metabolic stability. We have been using
hepatocytes in our lab for variety of purposes in metabolism study including metabolic
stability, metabolic profiling and mechanistic studies, etc. Here, we will take a few case
studies to demonstrate the application of hepatocytes in drug discovery and development
process including lead selection and lead optimization.

Biosketch

Jeff is the Head of Metabolism and Pharmacokinetics (MAP) in China Novartis Institutes of
Biomedical Research (CNIBR). He was an Associate Director at DMPK department at GSK
China and the DMPK Head of GSK respiratory CEDD in Upper Merion in USA. Prior to
joining GSK, he spent 10 years at Pharmacia/Pfizer from 1993 to 2003 for drug discovery
and development and was Research Fellow at Pharmacia/Pfizer. He was involved in
DMPK support of discovery and development of the world’s first COX-2 inhibitor, Celebrex,
for treatment of inflammation and arthritis. He played a major role in the discovery and
development of painkiller, Bextra and anti-hypertension drug, Inspra as well as anticancer
drugs, Tykerb and Navelbine. Jeff received his Ph.D. in Organic Chemistry in SIMM in
1988. After post-doctoral fellowship with Professor lan Blair at Vanderbilt University (US) in
1991, he accepted a faculty position in the Department of Pharmacology of Vanderbilt
University’s School of Medicine.
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Assessment of hepatobiliary transport and extrapolation from in vitro to in vivo

Mohammed Ullah
Roche, Switzerland

The majority of pharmaceutical drugs in development are cleared by hepatobiliary
clearance, either via metabolism or biliary excretion or both. PBPK models have been
successfully used to predict hepatic metabolism of drugs based on the quantitative
expression and catalytic activity of metabolizing enzymes. In contrast, PBPK prediction of
transporter-mediated hepatic disposition has not been possible due to insufficient
knowledge on quantitative hepatic expression of transporters (in vitro and in vivo), as well
as limited availability of suitable in vitro models for determining requisite parameters
(passive diffusion, transport clearance, fraction unbound etc.). This presentation will
provide an overview of the current challenges for scaling transporter-mediated liver
clearance, with a focus on (i) an optimized in vitro model for characterizing transporter
uptake kinetics vs. passive diffusion using a novel cocktail inhibitor approach (i) strategy to
address transporter IVIVE using quantitative proteomics.

Biosketch

Dr. Mohammed Ullah received his Bachelor’s degree in Biochemistry at the University of
Birmingham, UK, after which he then pursued his Ph.D. at the University of Bristol, UK, in
collaboration with AstraZeneca, where he studied the role lactate transporters in
immunological and metabolic disease. He then started his career in the Pharmaceutical
Industry at Pfizer (Sandwich, UK) as a Senior Scientist in the department of
Pharmacokinetics, Dynamics and Metabolism, (Pfizer, Sandwich, UK), specializing in the
area of drug transport. He currently leads the Drug Transport Group at Roche Innovation
Centre (Basel, Switzerland), where his group is focused on assessing the impact of
transporters in drug discovery and development.
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Application of cryopreserved human hepatocytes in the evaluation of adverse drug
properties

Albert P. Li
In Vitro ADMET Laboratories, LLC, USA

Species differences in drug metabolism and drug toxicity are well-established phenomenon.
As a result, the classical paradigm of preclinical testing of drug candidates in nonhuman
animals may not be appropriate. One preclinical approach to evaluate human drug
properties, especially ADMET (absorption, disposition, metabolism, elimination, and
toxicity) properties, is to apply in vitro experimental systems with relevant human
properties. The latest advances include the use of human hepatocytes to evaluate hepatic
uptake, metabolism, efflux and toxicity. Successful cryopreservation of human hepatocytes
to retain high viability, metabolic capacity, as well as the ability to be cultured allow routine
application of this relevant experimental system. Here summarizes the latest findings on
human hepatocytes isolation, cryopreservation, culturing, as well as application in the
evaluation of metabolic stability, metabolite profiling, hepatic uptake and efflux, metabolic
drug-drug interactions, and drug toxicity. The use of hepatocyte to evaluate the role of
metabolism in drug toxicity represents a major advance in drug toxicity evaluation. The use
of the novel integrated discrete multiple organ co-culture (IdMOC) system allows the
evaluation of the role of hepatic metabolism on nonhepatic toxicity.

Biosketch

Dr. Li is the President, CEO and co-founder of In Vitro ADMET Laboratories LLC, Columbia,
MD and Malden, MA. Previously, he was the President and CEO of Phase 1 Molecular
Toxicology, Inc. in Santa Fe, New Mexico, U.S.A. (2002-2003), Chief Scientific Officer of In
Vitro Technologies, Inc., Baltimore, Maryland, U. S. A. (1995-2002); Research Professor
and Director of the Surgical Research Institute, Department of Surgery, St. Louis University
Medical School (1993-1995); Senior Fellow and Director, Liver Biology Department,
Monsanto Company (1982-1993); Group Leader, Cellular and Genetic Toxicology,
Lovelace Inhalation Toxicology Research Institute (1979 — 1982); Assistant Professor and
Research Scientist, Cancer Research and Treatment Center and Department of Radiology,
University of New Mexico (1976-1979). Dr. Li obtained his B.Sc. (1972, Chemistry)
from the University of Wisconsin, Stevens Point, and Ph. D. (1976, Biomedical Sciences)
from the University of Tennessee, Oakridge Graduate School of Biomedical Sciences. He
received his doctoral training and performed his dissertation research under Professor
Abraham Hsie in the Biology Division of Oak Ridge National Laboratory, Oak Ridge,
Tennessee. Dr. Li's research is focused on the development and application of
human-based in vitro experimental models, especially primary cultured human
hepatocytes, in the accurate assessment of human drug properties including metabolic
fate, drug-drug interactions and drug toxicity. Dr. Li was one of the first scientists to
successfully cryopreserve human hepatocytes to retain properties of freshly isolated cells.
He is the inventor of the novel Integrated Discrete Multiple Organ Co-culture (IdMOC)
system which models an organism with multiple organs interconnected by the systemic
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circulation. The IdMOC system is patented in United States, Japan, China, and European
Union. Dr. Li has published approximately 160 research papers/book chapters/reviews and
edited/co-edited 6 books in toxicology, drug metabolism, and cell biology.
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Modeling human liver development, chronic hepatitis virus infection and
immunopathogenesis in humanized mice

Lishan Su
University of North Carolina at Chapel Hill, USA

Chronic hepatitis B and C infections affects over 500 million individuals resulting in chronic
liver inflammation, cirrhosis and hepatocellular carcinoma. The mechanisms of chronic
HBV/HCV infection and immunopathogenesis are poorly understood due to a lack of
robust animal models. We have recently developed novel humanized mouse models with
both human immune system and human liver cells by reconstituting highly immunodeficient
mice with human hematopoietic stem cells and liver progenitor cells (NBT-hu HSC/Hep
mice). The NBT-hu HSC/Hep mouse supports persistent HBV and HCV infection. We
detect human immune responses in the spleen/LN but they are impaired in the liver.
Furthermore, we detect human liver-specific chronic liver inflammation and
fibrosis/cirrhosis in the infected humanized mice. Analysis of chronic HBV/HCV-induced
liver inflammation showed high level of infiltrated human macrophages with M2-like
phenotypes. Additionally, HBV/HCV-induced M2-like macrophages were associated with
Thl impairment and tissue fibrosis in infected animals. Importantly, similar M2-like
macrophage accumulation was confirmed in chronic hepatitis virus infected patients with
liver diseases. Furthermore, we demonstrate that HBV/HCV preferentially induced
M2-related genes in both M1 and M2 macrophages. Finally, HBV infection and its
associated immunopathogenesis were prevented by treatment with a novel anti-HBV
neutralizing antibody or by modulating host immune responses. Our study demonstrates
that the humanized liver and immune mouse model is a valuable in vivo platform for
studying human liver development, hepatotropic pathogens, human immune
responses/immunopathogenesis and associated liver diseases.

Biosketch

After his Ph.D. training in HSV-1 virology, Dr. Lishan Su did his postdoctoral fellowship in
immunology and stem cell biology. Combining with his relevant trainings, he joined a
biotech company as a research scientist working on HIV pathogenesis and on HSC-based
AIDS gene therapy in humanized models and in clinical trials in human patients. Their
group was the first to use humanized mouse models (SCID-hu Thy/Liv and SCID-hu Bone
models) to study HIV-1 infection and pathogenesis in vivo, and to model human stem cell
based gene therapy for AIDS. Since joining the UNC faculty in 1996, his lab at
UNC-Chapel Hill has been studying HIV-1 virology, immuno-pathogenesis and therapy in
relevant models including human lymphoid organ culture and humanized mouse models.
His group has identified critical HIV determinants in depleting CD4 T cells and defined the
regulation/function of Treg and pDC in HIV-1 infection and pathogenesis in vitro and in vivo.
In addition to humanized mice with human immune system, he has recently established the
novel humanized mouse with both human immune and human liver cells (AFC8-hu
HSC/Hep) that supports HCV or HBV infection, human immune responses and liver
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diseases such as hepatitis and liver fibrosis. He is currently focusing on elucidating
mechanisms of persistent human virus infection, immune-pathogenesis and of novel
therapy in relevant experimental models and in human patients.
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Correction of Acute Liver Failure and Phenylketonuria by Human Amnion Epithelial
Stem Cell Therapy

Stephen Strom
Karolinska Institutet, Sweden

We have promoted the translation of hepatocyte transplant technology from the bench to
the clinic. However, a severe shortage of useful hepatocytes limits a wider application of
this cellular therapy. Stem cell sources are being investigated for the production of cells for
transplants. Human amniotic epithelial (hAE) cells have been shown to have gene
expression profiles and surface markers characteristic of pluripotent stem cells. They are
not tumorigenic and have anti-inflammatory and immunomodulatory properties that may be
beneficial in transplant patients. When transplanted, hAE cells express human liver genes
including CYP450, phase Il, hepatic transporter and nuclear hormone receptor genes at
normal adult human liver levels. In addition, we recently reported positive effects in a Maple
Syrup Urine Disease animal model. Aim: We evaluated the possible beneficial effects of
hAE transplants in a mouse model of acute liver failure (ALF), and of metabolic liver
disease (Phenylketonuria, PKU). Materials and Methods: (1) ALF was induced in C57/BI6
mice by D-galactosamine (Dgal; 5g/kg) IP. Six hours later, animals received 2x106hAE
cells or saline as control via splenic injection. Blood and tissues were analyzed at 3 and 14
DOL; (2) Mice with PKU received two direct hepatic injections of 1x106hAEcells during the
first 10 days of life (DOL), followed by two additional hepatic transplants (2x106 cells each)
between days 21-35 DOL. Blood and tissues were analyzed at 35 and 100 DOL. Results:
(1) Animals that received Dgal developed severe liver failure and all untreated or saline
treated animals died within an average of 2.2 days with significant increases in AST, ALT
and TGF-beta levels, and liver pathology consistent with ALF. All Dgal-intoxicated animals
that received hAE cell transplants survived until scheduled sacrifice at day 14. After 72hrs
post Dgal treatment, transplant of hAE cells significantly decreased serum AST, ALT, and
TGF-beta levels and decreased hepatic expression of Interleukin 1-beta, and Tumor
Necrosis Factor alpha, and increased IL-10 expression; (2) Interestingly, females had
significantly higher blood Phe levels compared to males (never observed in human);
nevertheless, transplants of hAE significantly normalized serum and brain Phenylalanine
levels in all the animals. Many other amino acids were normalized after hAE injections.
Conclusions: Human AE transplants prevent acute liver failure and also improve survival
and correct many of the amino acid and neurotransmitter abnormalities observed in mice
with metabolic liver disease. These successful pre-clinical studies have motivated
translation to GMP isolation and banking of hAE at our Institutet for the cellular therapy for
liver disease.

Biosketch

Dr. Stephen Strom is a Professor at the Karolinska Institutet Sweden. At the Karolinska
Institutet he is the principal investigator for a Strategic Research Program in Cancer and
the Vetenskapradet (Swedish Research Council) study entitled, “Understanding the biology
of genes associated with longevity and healthy aging using humanized mouse models.”
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His work also includes a European Commission study entitled, “HUMAN: Health and
understanding of metabolism, aging and nutrition.”
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Hepatocyte transplantation at Karolinska

Ewa Ellis
Karolinska Institutet, Sweden

Biosketch
Education
Doctoral degree in Experimental Medicine, Karolinska Institute 1997/01/27-2003/01/24
Licentiate degree in Medical Gastroenterology & Hepatology, KI. 2000/06/15
Molecular biology and biotechnology, 50p. 1995 - 1997

Biomedical laboratory science, 90p (Biochemistry and Molecular biology) 1989 - 1992

Appointments
Present position
Laboratory Director and senior researcher at Karolinska Institute, Department of Clinical
Science, Intervention and Technology, Unit for Transplantation Surgery.

2008/11/01 — present
Postdoctoral research fellow at the University of Pittsburgh, Department of Pathology with

Professor Stephen Strom. 2004-2008
Researcher at Karolinska Institute, Dept. of Medicine, Unit of Gastroenterology and
Hepatology, Karolinska University Hospital, Huddinge. 2003-2004

Ph.D. student at Karolinska Institute, Dept. of Medicine, Unit of Gastroenterology and
Hepatology, Karolinska University Hospital, Huddinge.

Networks in academia and industry

Dr. Ellis has an extended network of collaborators at Karolinska Institute though his work

in isolating and sharing primary human hepatocytes. He also has collaborators in England,

Holland, Germany, Israel, Denmark, Norway and USA. In Sweden he is also collaborating

with three groups at AstraZeneca. In the USA he is collaborating with two SMEs.

2011: a member of the editorial board of the journal Cell Transplantation, Section
Hepatocytes.

2012: an Expert reviewer for the European Commission, FP7 Health, Board and
committee work

2011: a council member of the Cell Transplantation Society

2013: the chair of the committee for web and social media.

In the Department of CLINTEC | am the representative for Kls work on environment and a

sustainable future (HUA) and I'm a member of the work environment committee as well as

a representative for researchers on the departmental council.
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Analysis of metabolic activities in human hepatocytes for clinical therapies

Roberto Gramignoli
Karolinska Institutet, Sweden

Our laboratory has always been in front line to the translation of hepatocyte transplant
technology from the bench to the clinic. Twenty years of experience in isolating
hepatocytes leaded us to design and optimize reagents and procedures in accordance with
Good Manufacturing Practice (GMP) for clinical applications. In addition, we designed
rapid and sensitive functional assays to insure that cells function adequately before
transplantation. These assays are simple, reproducible and can be completed within 2 hrs
after isolation, using common laboratory equipment. We analyzed more than 200 primary
cell batches aimed to determine a normal range of activities to expect from isolated cells,
providing information on metabolic status on cells immediately after isolation and their
capacity to function on long-term. The battery of test includes apoptosis and energy status
evaluation, plating adhesion, ammonia metabolism and phase | (CYP1A, 2C9, and 3A
activities) and Il drug metabolism. Collected data work as quality control for fresh or
cold-stored cells for transplantation and may form the basis for recipient’'s need match
criteria in hepatocytes transplant programs. In addition, range of values can be used to
evaluate alternative cell sources, such as pluripotent cell-derived hepatocytes or human
fetal hepatocytes. And it’s this source for clinical infusion we have been investigated during
the last years. We assessed viability and metabolic activities from almost 250 fetal
hepatocyte preparations, in comparison to pediatric and adult hepatocytes. We measured
different level maturation in gene expressions, compared to normal adult hepatocytes.
CYP-mediated activities were low throughout gestation; nevertheless maturation occurred
post-isolation, as well as conjugation activity and ammonia metabolism. These results
indicate fetal hepatocytes may be useful for clinical hepatocyte transplantation. However,
maturation of the cells may take longer than previously expected, and their immediate
activities will have to be matched with patient requirements.

Biosketch

Education

Ph.D. in Molecular and Translational Medicine DIMET, University of Milan-Bicocca, ITALY
2010-2013

Specialty in Medical Genetics, University of Milan, ITALY 2007

Board Certification as licensed biologist, University of Milan, ITALY 2007

Master in “Microscopy and Microscopical Analysis in Biology”, University of Genoa, ITALY
2003

Master’s Degree in Biological Sciences, M.D. (physiopathology curriculum), University of

Milan, ITALY 2002

Positions

Post-doctoral fellow at Department of Laboratory Medicine, Division of Pathology,

Karolinska University Hospital, Stockholm, SWEDEN. May 2012-date
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Research Fellow at Department of Pathology, University of Pittsburgh School of Medicine,
Pittsburgh, PA-USA. July 2008-March 2012

Visiting Scholar at Department of Pathology, University of Pittsburgh School of Medicine,
Pittsburgh, PA-USA. July 2007-July 2008
Research Fellow at Fondazione IRCCS Ospedale Maggiore Policlinico, Regina Elena e
Mangiagalli, Milan, ITALY. November 2002-June 2008
Research Fellow at Institute of Neurosciences, Department of Pharmacology,
Chemotherapy and Medical Toxicology, National Research Council University of Milan,
ITALY. June 2002-September 2002
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Treatment of life-threatening liver disease by primary or stem cell-derived
hepatocyte transplantation

Ira J. Fox
University of Pittsburgh, USA

Hepatocyte transplantation holds promise as an alternative to liver transplantation and
numerous animal studies indicate that such transplants can correct liver failure and
metabolic deficiencies of the liver. Clinical experience with hepatocyte transplantation
highlights important challenges. There have been no patients with complete correction of
their metabolic enzyme deficiencies or long-term engraftment following hepatocyte
transplantation. The availability of an abundant source of hepatocytes, however, should
dramatically improve treatment of metabolic deficiencies and acute hepatic failure. In
advanced cirrhosis, however, intrahepatic transplantation leads to poor engraftment, and
risks worsening portal hypertension. Transplantation into an extrahepatic site, such as the
spleen or lymph node, can circumvent this engraftment difficulty, improve liver function,
and prolong survival in end-stage cirrhosis. Treatment of chronic liver failure might also
benefit from transplantation of hepatocytes and non-parenchymal cells into a
de-cellularized human or animal liver biohybrid scaffold, which would then be vascularized
as an engineered internal auxiliary liver graft. Use of pluripotent stem cell (PSC)-derived
hepatocytes from patients, derived from their own skin or blood cells, might allow
transplantation without the need for immune suppression to control rejection. PSC-derived
hepatocytes have many of the features of primary human hepatocytes, and recent studies
now show that such cells can be successfully transplanted in Gunn rats (a model of
Crigler-Najjar syndrome type 1) to correct their metabolic liver disease. Progress is being
made, but advances in transplant biology and immune monitoring will be needed to
overcome the challenges limiting the application of minimally invasive therapies to treat
advanced liver disease.

Biosketch

Education

1972 - 1976 Columbia University, College of Physicians and Surgeons, New York,
New York - M.D.

1968 - 1972 Harvard College, Cambridge, Massachusetts - A.B. cum laude

1983 - 1985 Transplant Fellow, Department of Surgery, University of Pittsburgh,
School of Medicine, Pittsburgh, PA

1981 - 1983 Senior/Chief Resident, Deaconess-Harvard Surgical Service, New
England Deaconess Hospital, Boston, Massachusetts

1979 - 1981 Immunology Research Fellow, Department of Pathology, Harvard
Medical School, Boston, Massachusetts

1977 - 1979 Assistant Resident, Department of Surgery, University of California
Medical Center, San Francisco, CA

1976 - 1977 Intern, Department of Surgery, Columbia Presbyterian Medical Center,
New York, NY
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Academic Appointments

2009-present

2008-present
2000-2007

2000-2008
1998-2000
1994-2000
1992-1994

1990-1992

1985-1990

Graduate Faculty, Cellular and Molecular Pathology Training Program,
University of Pittsburgh

Professor of Surgery, University of Pittsburgh School of Medicine
Senior Associate Dean for Research, University of Nebraska College of
Medicine

Charles W. McLaughlin Professor of Surgery (and Pathology and
Microbiology), University of Nebraska Medical Center

Associate Professor, Pathology and Microbiology, University of
Nebraska Medical Center (Courtesy)

Associate Professor of Surgery, University of Nebraska Medical Center
Assistant Professor of Surgery, University of Nebraska Medical Center
Assistant Professor of Surgery, College of Physicians and Surgeons,
Columbia University

Assistant Professor of Surgery, University of Pennsylvania School of
Medicine
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Plasticity of Mesenchymal Stem Cells in Inmunomodulation: Pathological and
Therapeutic Implications

Yufang Shi
Institute of Health Sciences, Chinese Academy of Sciences, Shanghai, China

Mesenchymal stem cells (MSCs) are multipotent stromal cells that exist in many tissues
and are capable of differentiating into several cell types. They instinctively migrate to
damaged tissue sites and participate in tissue repair, whereby their communication with the
inflammation microenvironment is considered to be an essential step. We have found this
interaction to be bidirectional, i.e, while MSCs respond to inflammatory factors, these cells
also affect the immune microenvironment. Our studies have shown that MSCs become
potently immunomodulatory in response to IFNy and TNFa (or IFNy and IL-1), which
together provoke MSCs to express large amounts of immune cell-specific chemokines, as
well as inducible nitric oxide synthase (iNOS, in mice) or indoleamine 2,3-dioxygenase
(IDO, in humans; induced by IFNy ). These chemokines attract immune cells into close
proximity with the MSCs, where locally high levels of NO or IDO metabolites then suppress
the immune cells. We have shown in mouse MSCs that INOS expression induced by TNFa
and IFNy can be further enhanced by IL-17A or suppressed by TGFa. In recent years,
much has been learned about the cellular and molecular mechanisms of the bidirectional
interaction between MSCs and various participants in inflammation. Depending on their
types and intensity, inflammatory stimuli confer on MSCs the ability to either suppress or
enhance immune responses. Here we review the current findings on the immunological
plasticity of MSCs in disease pathogenesis and therapy.

Biosketch
Dr. Yufang Shi received his Ph.D. in Immunology from University of Alberta in 1992. He
established the concept of activation-induced cell death (AICD). He also found the critical
role of c-myc in the regulation of T cell apoptosis. His early investigation provided the
foundation of using rapamycin as an adjuvant for chemotherapy. Dr. Shi's laboratory
proved that CD4+ T cells are responsible for asthma development. In recent studies, his
team has been investigating the mechanism of immunosuppression mediated by
mesenchymal stem cells, a key research area for proper application of stem cells in clinical
settings. He has published more than 170 papers with over 10,000 citations. Dr. Shi’s
group is currently working on the following aspects: (1) Understanding how
immunosuppression is mediated by mesenchymal stem cells; (2) Tumor stroma and tumor
immunology; (3) Molecular mechanisms of activation-induced cell death in T cell
subpopulations. Dr. Shi has authored over 150 scientific papers including those in Nature,
Science, Nature Medicine, Immunity, Journal of Experimental Medicine and Cell Stem Cell.
His publications have been cited over 10,000 times to date. Dr. Shi was an Associate
Editor of The Journal of Immunology from 1999 to 2003 and is currently an Editor-in-Chief
of Cell Death & Disease, a Receiving Editor of Oncogene, and Editorial Board Members on
several other International journals including Cell & Bioscience, American Journal of
Translational Research, Journal of Biomedicine and Biotechnology, Journal of Biological
Chemistry, Journal of Molecular and Cell Biology, Stem Cells and Translational Medicine,
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Stem Cell Research and Therapy and Cellular and Molecular Immunology. He is also a
member of Mesenchymal Stem Cell Committee of the International Society for Cell
Therapy.
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Fetal liver stem cell transplantation to generate new liver tissue mass and to study
the mechanism of efficient liver repopulation

Michael Oertel
University of Pittsburgh, USA

Liver cirrhosis, the advanced stage of fibrosis in patients with chronic liver diseases, is one
of the major causes of death worldwide. Whole liver organ transplantation is the only
therapeutic option for patients with end stage liver diseases. Since the major limitation is
the increasing scarcity of donor organs, an alternative strategy to restore diseased liver
mass is urgently needed. Therefore, the major goal of our lab is to develop cell
transplantation models, which provide us the opportunity to study liver repopulation by
transplanted cells (especially epithelial stem/progenitor cells) in the near-normal liver and
the diseased liver environment under circumstances that are clinically relevant. Over the
years we have established a cell transplantation model in which we can routinely replace
more than 10% of the hepatic mass by transplanting rat fetal liver stem/progenitor cells
(FLSPCs) into the adult liver. We showed that FLSPCs differentiate into functional
hepatocytes, as well as cholangiocytes, and repopulate the near-normal recipient liver. We
also have demonstrated that FLSPCs replace host hepatocytes by cell-cell competition, a
process during which highly proliferative fetal liver cells replace slower growing host
hepatocytes. Recently, we have shown Proof of Principle that intravenously transplanted
epithelial stem/progenitor cells (as well as mature hepatocytes) can restore severely
injured liver parenchyma in a hepatic environment with advanced fibrosis/cirrhosis induced
by thioacetamide. In current studies, we are investigating whether hepatic cells can engraft,
differentiate and repopulate the recipient liver after ectopic cell infusion in a rat model for
secondary biliary fibrosis.

Even though primary fetal liver cells are not likely to be used for human liver cell
repopulation, we are using FLSPCs in our animal cell transplantation model to elucidate
the essential gene expressions that enable them to effectively repopulate the recipient liver.
That will help to understand the unique properties of both the transplanted cell and the host
microenvironment, which are essential features in developing effective tissue repopulation
protocols.

Biosketch

Education

University of Leipzig, Germany; Faculty of Biosciences 04/1991-08/1995
University of Leipzig; Dept. of Medicine I 09/01/1995 — 03/31/2000
Position

Postdoctoral Fellow (Research in Immunology), University of Leipzig; Institute of Clinical
Immunology and Transfusion Medicine 04/2000 — 03/2001
Research Associate, Albert Einstein College of Medicine of Yeshiva University, Marion
Bessin Liver Research Center; Bronx, NY 04/2001 — 12/2003
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Instructor, Dept. of Medicine (Division of Hepatology), Albert Einstein College of Medicine
of Yeshiva University; Marion Bessin Liver Research Center; Bronx, NY
01/2004—-06/2008
Assistant Professor, Dept. of Medicine (Division of Gastroenterology & Liver Disease),
Albert Einstein College of Medicine of Yeshiva University; Marion Bessin Liver Research

Center; Bronx, NY 07/2008 — 06/2012
Assistant Professor, Dept. of Pathology (Division of Experimental Pathology), University of
Pittsburgh; School of Medicine; Pittsburgh, PA 07/2012 — present
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Process Technology of Deriving Hepatocytes from Stem Cells: Roadblocks and
Strategies

Wei-Shou Hu
Stem Cell Institute, University of Minnesota, Minneapolis, MN 55455, USA

In the past decade the feasibility of deriving hepatocytes from in vitro expanded stem cells
has been well documented. The advances have raised the hope of cell transplant for the
treatment of liver diseases and brightened the prospect of establishing in vitro liver models
for metabolic and drug toxicity evaluations. Many research laboratories, including ours,
have developed a multi-stage protocol using combinations of growth factors to guide stem
cells towards hepatic lineage to express key hepatic markers and functions. These efforts,
while promising, still face major challenges in many respects: the large quantities of cells
required for liver cell applications poses scaling-up hurdles, the degree of maturity and
heterogeneity of hepatocyte-like cells from in vitro differentiation is in need of improvement.
We have incorporated scalable cultivation methods for the expansion of undifferentiated
stem cells and for the differentiation process. We incorporated cell expansion during the
differentiation to ease the need of a large quantity of pluripotent cells for differentiation.
Furthermore, an enrichment step was incorporated in the last stage of hepatic
differentiation to increase the fraction of cells expressing high levels of hepatic markers. To
further understand the potential barriers for the in vitro differentiation of mature
hepatocytes, transcriptome data of database depositories on both in vivo and in vitro
differentiation from human and mice were collected for meta-analysis. The in vivo liver
development path and the in vitro hepatic differentiation paths as revealed by
transcriptomes were aligned. The potential roadblock for in vitro differentiation emerged
from the analysis and the possibility of genetic intervention for generating mature
hepatocytesin vitro will be discussed.

Biosketch

Dr. Hu finished his Ph.D. studies of Biochemical Engineering at Massachusetts Institute of
Technology in 1983. His research interests encompass cell engineering, tissue engineering
and metabolic engineering. The emphasis is on the application of systems analysis to
biochemical and cellular systems and on the incorporation of physiological insight into the
guantitative modeling of biological reactions. The systems employed include mammalian
cells, differentiated tissue cells and microorganisms. Current research efforts emphasize
employing genomic and proteomic tools in those research projects and exploring novel
modeling approaches for quantitative description of cellular processes.
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Bioartificial Liver Support, pros and cons

Robert A.F.M. Chamuleau
University of Amsterdam, Netherlands

Severe end stage liver disease (SELD) is worldwide responsible for over 1.4 million deaths
annually and is in the USA and Europe among the top ten disease related causes of death.
Primarily two groups of SELD patients can be recognized: acute liver failure (ALF) in a
patient with no pre-existing liver impairment and acute on chronic liver failure (ACLF) in
patients with pre-existing chronic liver disease (mostly cirrhosis). Mortality is high despite
maximal supportive intensive care treatment: 60-80% depending on the cause. Orthotopic
liver transplantation (OLT) is at present the best therapy with one-year survival rates
ranging between 50 and 75%. Liver transplantation is curative but limited by donor organ
availability, operative risk and long-term complications.

In the USA only 20% of patients with ALF waiting for OLT are in fact transplanted. The
other 80% die while on the waiting list. On the other hand, ALF is potentially reversible if
the native liver cells would have enough time to regenerate. In view of these concerns, it is
clear that there is an urgent need for an effective artificial liver support device (ALSD) to
bridge patients to recovery from the acute event or to OLT. A variety of ALSD's
(non-cell-based and cell-based) have been applied in the past. In principle a liver cell
based bioartificial liver (BAL), connected extracorporeally to the circulation of the patient,
will be the first choice. Advantages are supply of many basic liver specific functions to the
patient, such as detoxification, protein synthesis, hormonal control and maintenance of
general body homeostasis. However, this requires sufficient amounts of well-differentiated
human liver cells. A prerequisite at present is only partly available. In addition functionality
of liver cells in a BAL is impaired by exposure to ALF plasma and the absence of a biliary
tree leads to bile accumulation. To get a well functional BAL timely at the bedside is often a
logistic and costly problem. An overview of clinically applied BAL's like HepatAssist, MELS
Cell Module, BLSS and ELAD will be given. In addition our own experience with the
AMC-BAL and its future with HepaRG cells will be discussed.

Biosketch

Robert Chamuleau graduated from the Medical School of the University of Amsterdam in
1968. In 1969 he graduated as PhD at the B.C.P. Jansen Institute, Department of Bio-
chemistry, University of Amsterdam on his thesis Nitrogen metabolism in perfused rat liver.
After residencies in the Municipal Hospital of Arnhem and the Academic Hospital of the
University of Amsterdam he graduated as internist-hepatologist in 1976. Thereafter he was
consultant internal medicine in the Academic Medical Center of the University of
Amsterdam until 2006 and associate professor experimental internal medicine from
1981-1996. From 1997-1998 he was research professor in the Cardarelli Hospital in
Naples (Italy) due to a TMR Marie Curie Research grant from the EU. At present he is
supervisor of the bioatrtificial research group at the Academic Medical Center (AMC) in
Amsterdam. He is CSO of a spinoff company of the Academic Medical Center called
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HepArt Medical Devices. His areas of expertise in hepatology are: development and
clinical application of a bio-artificial liver, development of an immortalised human liver cell
line, liver regeneration and hepatic encephalopathy. He has more than 200 scientific
publications in international peer reviewed journals.
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Humanized Spheroid Reservoir Bioartificial Liver

Scott Nyberg
Mayo Clinic College of Medicine, Rochester, Minnesota, USA

Acute liver failure is a serious, potentially life-ending, medical problem. Spontaneous
recovery occurs in less than 50% of cases. Recovery would be more frequent if a
supportive therapy were available to correct the toxic milieu of acute liver failure to prevent
its extrahepatic manifestations and to assist in liver regeneration. Therefore, we have
developed a novel supportive therapy, the Spheroid Reservoir Bioartificial Liver (SRBAL),
composed of 40% of the hepatocyte mass of a normal human liver. The greater cell dose is
accomplished with anchorage-independent aggregates of primary hepatocytes
(“spheroids”) engineered by a novel rocked mixing technique. Once formed, spheroids are
placed in a continuous perfusion bioreactor, the Spheroid Reservoir, which provides
functionality to the device. The SRBAL was recently evaluated in an ambulatory porcine
model of drug-induced acute liver failure. Animals were randomized into three treatment
groups: no therapy (n=6), no cell device therapy (n=6), and SRBAL therapy (n=6). SRBAL
treatment was 24 hours in duration. There was no difference in the level of liver failure
between groups prior to the initiation of treatment. However, a significant survival benefit
was observed with SRBAL compared to the two control groups (83% vs. 16% vs. 0%,
p<0.01). Animals treated with the SRBAL maintained stable plasma ammonia levels during
treatment compared to control animals. Additionally, peak ICP measurements were lower
in the SRBAL treated animals. The rate of ammonia detoxification during SRBAL treatment
increased with increasing dose of hepatocytes seeded into the device. Results of this
pivotal preclinical study demonstrate that the SRBAL improved survival in an allogeneic
model of acute liver failure. Survival benefit correlated with the rate of ammonia
detoxification and lowering of intracranial pressure. Except undergoing clinical evaluation
of the SRBAL, we have bioengineered a novel animal, the FAH deficient pig, to serve as an
in vivo “incubator” for large-scaled production of primary human hepatocytes. The
presentation will include progress towards a “humanized” SRBAL employing human
hepatocytes produced in the FAH deficient pig.

Biosketch

Dr. Scott Nyberg completed his Ph.D. studies at University of Minnesota in 1993 after he
obtained his M.D. degree from Johns Hopkins School of Medicine in 1986. Now, he is a
professor at Mayo Clinic-Rochester. He has received many awards, such as American
Society of Transplant Surgeons Presidential Travel Award. He focuses on developing
cell-based therapies for the treatment of patients with liver failure and metabolic liver
disease. The overall goal of his research program is to develop cell-based therapies for the
treatment of patients with liver failure and metabolic liver disease. He is uniquely trained as
a liver transplant surgeon and a biomedical engineer.
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Education

M.L.T., Cambridge, MA B.S. 1979-82
Johns Hopkins School of Med., Baltimore, MD  M.D. 1982-86
University of Minnesota, Minneapolis, MN Ph.D. 1989-93

Positions and Employment
Surgical Research Assistant: Harvard/M.I.T. Biomedical Engineering Program,

Cambridge, MA,; 1981-1982
Surgical Research Assistant: Johns Hopkins Hospital Cardiac Surgery Lab,
Baltimore, MD; 1985-1986
General Surgery Resident; University of Minnesota Hospital and Clinics, Minneapolis,
MN; 1986-1995
Graduate Student (Biomedical Engineering): Development of a Bioartificial Liver
University of Minnesota, Minneapolis, MN; 1989-1993
Transplantation Fellow; University of Minnesota Hospital and Clinics, Minneapolis, MN;
1995-1996
Assistant Professor of Surgery, Division of Transplantation Surgery;
1996-2000
Associate Professor of Surgery, Division of Transplantation Surgery;
2000-2007
Professor of Surgery, Division of Transplantation Surgery; Mayo Medical Center,
Rochester, MN; 2007-
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Vascularized and functional human liver from an iPSC-derived organ bud transplant

Takanori Takebe
Yokohama City University, Japan

A critical shortage of donor organs for treating end-stage organ failure highlights the urgent
need for generating organs from human induced pluripotent stem cells (iPSCs). Despite
many reports describing functional cell differentiation, no studies have succeeded in
generating a three-dimensional vascularized organ such as liver. Here we show the
generation of vascularized and functional human liver from human iPSCs by
transplantation of liver buds created in vitro (iPSC-LBs). Specified hepatic cells (immature
endodermal cells destined to track the hepatic cell fate) self-organized into
three-dimensional iPSC-LBs by recapitulating organogenetic interactions between
endothelial and mesenchymal cells. Immunostaining and gene-expression analyses
revealed a resemblance between in vitro grown iPSC-LBs and in vivo liver buds. Human
vasculatures in iPSC-LB transplants became functional by connecting to the host vessels
within 48 hours. The formation of functional vasculatures stimulated the maturation of
iPSC-LBs into tissue resembling the adult liver. Highly metabolic iPSC-derived tissue
performed liver-specific functions such as protein production and human-specific drug
metabolism without recipient liver replacement. Furthermore, mesenteric transplantation of
iPSC-LBs rescued the drug-induced lethal liver failure model. To our knowledge, this is the
first report demonstrating the generation of a functional human organ from pluripotent stem
cells. Although efforts must ensue to translate these techniques to treatments for patients,
this proof-of-concept demonstration of organ-bud transplantation provides a promising new
approach to study regenerative medicine.
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Dr. Takanori Takebe graduated from the Yokohama City University School of Medicine in
2011, after spells as a researcher at the Scripps Research Institute Department of
Chemistry (US) in 2009 and as an intern at the Columbia University Department of
Transplantation Surgery (US) in 2010. The same year, he became a Research Associate at
Yokohama City University. Within three years, he had published a number of exceptional
pioneering works in the field of organ generation from iPS cells, proposing a new transplant
approach to combat intractable organ failure— stem cell-derived organ bud transplantation
therapy. His recent appointment as Associate Professor at age 26 made him one of the
youngest faculty members ever in Japan. His areas of expertise are Regenerative
Medicine and Advertising Medicine.
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Fibrous Scaffolds by Interfacial Polyelectrolyte Complexation for Liver Tissue
Engineering

Andrew Wan
Institute of Bioengineering and Nanotechnology, Singapore

Liver tissue engineering involves aspects of cell reprogramming, expansion, differentiation
and three-dimensional patterning. To address some of these aspects, we have developed
platform technologies based on the process of interfacial polyelectrolyte complexation
(IPC), where fibers are formed at the interface between two oppositely charged
polyelectrolytes. The mild, aqueous based conditions allow viable encapsulation of cells
and proteins. In our earlier work, non-woven fibrous scaffolds were used to support
hepatocyte adhesion and function by presentation of extracellular matrix molecules such
as collagen type |, and used to deliver differentiated mesenchymal stem cells to the liver in
a mouse partial hepatectomy model. More recently, we have begun to address issues of
cell source and 3D cell patterning with a view towards clinical relevance. Microfibrous
scaffolds have been developed using the iPC process, which support efficient propagation
and differentiation of human embryonic and induced pluripotent stem (iPS) cells under
xeno-free conditions. We have also developed non-integration approaches to derive iPS
cells using protein carriers and excisable vectors. To realize the complete workflow for a
liver tissue engineering platform, we differentiated our protein-induced iPS cells into
hepatocytes and endothelial cells, and encapsulated them within separate domains in
multi-component hydrogel fibers. These were in turn assembled in a spatially defined
fashion to form endothelialized liver tissue constructs, and implanted in the mouse model.
The presence of endothelial cells in the scaffold significantly improved hepatocyte function
in vitro, and facilitated vascularization of the scaffold in vivo. Integration of the scaffold with
host vasculature has occurred, as demonstrated by the presence of human albumin in the
mouse serum.
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Dr. Andrew Wan received his Ph.D. from the National University of Singapore in1998, after
which he joined the Institute of Materials Research and Engineering as a postdoctoral
fellow. In 2001, he was awarded an A*STAR graduate scholarship to pursue further
postdoctoral work at Johns Hopkins University, Baltimore. There, in the lab of Prof. Kam
Leong, he helped to pioneer the use of interfacial polyelectrolyte complex fibers in
biomedical research. Upon returning to Singapore, he joined the Institute of Bioengineering
and Nanotechnology, Singapore as a Senior Research Scientist. In 2006, he became
Team Leader and Principal Research Scientist, which is the position he holds today. Dr.
Wan is a bioengineer who has developed various biomaterial platforms for tissue
engineering. The innovations from his research group, particularly in developing
three-dimensional cell culture matrices, have led to publications in Biomaterials, Advanced
Materials, Nature Nanotechnology and Nature Communications.
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New Technologies for Liver Replacement

Alejandro Soto-Gutiérrez
University of Pittsburgh, USA

There is an ever-growing demand for transplantable organs to replace acute and
chronically damaged livers. This demand cannot be met by the currently available donor
organs. Efforts to provide an alternative source have led to the development of organ
engineering, a discipline that combines cell biology, tissue engineering, and cell/organ
transplantation. Over the last several years, engineered organs have been implanted into
rodent recipients and have shown modest function. In this presentation, we will summarize
our most recent advances in this field and provide a perspective on the challenges of
translating this promising new technology into a proven regenerative therapy.
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Dr. Alejandro Soto-Gutiérrez is an Assistant Professor (Tenure Track) in the Department of
Pathology at the University of Pittsburgh. He is also an affiliated faculty member of the
McGowan Institute, Children's Hospital of Pittsburgh of UPMC, and the Thomas E. Starzl
Transplantation Institute (STI). Prior to this he was a Surgery Research Fellow with the
Department of Surgery at Massachusetts General Hospital, Harvard Medical School, and
the Shriners Hospitals for Children in Boston. Dr. Soto-Gutiérrez earned his medical
degree at the University of Guadalajara, Mexico. He completed a Surgical Fellowship at
the Department of Surgery and his doctorate, at Okayama University Graduate School of
Medicine and Dentistry, Japan, where he wrote his dissertation on liver tissue engineering.
He is member of the National System of Investigators (SNI) Level 2 from the National

Council of Science and Technology (CONACYT), Mexico. He won the 2008 Clinical

Research Award for a Post-Graduate Fellow in Transplantation from the New England

Organ Bank, the 2009 Thomas E. Starzl, MD Postdoctoral Research Award from the

American Liver Foundation, the 2012 Faculty Development Award from the American

Society of Transplantation, and the 2013 Competitive Medical Research Fund Program

Award from UPMC Health System. He has been awarded a National Institutes of Health

Pathway to Independence Award (K99/R00). He is the Editor-in-Chief of the scientific

journal, Organogenesis and Chief Science Coordinator at Solving Organ Shortage (SOS)

organization. He is author of more than 70 peer-reviewed publications, 8 book chapters,

and edited a book on methods in cell transplantation. Dr. Soto- Gutiérrez research is

focused on the development of new technologies for organ replacement using

regenerative medicine approaches (bioengineering, cell transplantation, and organ

engineering) to generating entire replacement organs. Dr. Soto- Gutiérrez’s laboratory

uses the structural connective tissue of discarded livers as a scaffold for growing new liver

tissue for transplantation and primary liver isolated cells. His laboratory is actively working

in liver cell differentiation and understanding hepatic maturation of ES or iPS cells using

interactions with liver non-parenchymal liver cells, 3D liver matrix, and different molecules.

While portions of the studies are carried out in organ culture systems, several ongoing

studies are performed in special animal models of liver regeneration to understand hepatic
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tissue assembling and regeneration using auxiliary partial orthotopic liver transplantation
(APOLT).

In addition, Dr. Soto-Gutiérrez’s laboratory is also interested in strategies for liver
repopulation and the study and generation of liver regeneration in disease state models
(e.g. acute or chronic liver failure and liver steatosis using metabolic engineering
technigues). To this end, several lines of collaboration are open with the Center for
Innovative Regenerative Therapies (CIRT) and different laboratories in the Department of
Pathology and the Starlz Transplantation Institute.
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3D Bioprint for biomedical applications

Mingen Xu
Hangzhou Dianzi University

3D Bioprint technique, based on Rapid Prototyping (RP), belongs to manufacturing
technology that directly takes biomaterials/cell unit as forming object to construct tissue
scaffold, tissue and organ using numerical model. 3D Bioprint technique provides a great
challenge and opportunity to advance the fields of manufacturing and life science. In this
work, we will introduce the applications of 3D Bioprint technique in life science. 3D Bioprint
technigue can fabricate tissues and organs in which both cells and biomaterials have
carefully defined architectures. The well-designed 3-D architecture provides the cells with
suitable environment that facilitates cells keeping their respective bioactivities and
functions. Cell 3D Print technique provides a new approach to engineer artificial organ. 3D
Bioprint technique derived model could capture most physiological and pathological
features of disease in vitro. 3D Bioprint technique provides a new approach to screen drug
in vitro. 3D Bioprint technique can print cells on designated places that match the designed
sensors on the chip. The cell chip has great potential in drug discovery, cancer drug
discovery and stem cell research. 3D Bioprint technique can print bone tissue scaffold for
tissue engineering.
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Professor Xu Mingen obtained his Pharmacy bachelor's degree and Biomedical
engineering Ph.D. Degree in Zhejiang University. After the graduation, he started his
teaching career in Tsinghua University. In 2010 he went to Drexel University in the United
States as a visiting scholar. Now, he works in Hangzhou Dianzi University as the Director of
Biofabrication Research center. He is the founder of Regenovo Biotechnology Co., Ltd.
His research focuses on 1) 3D bioprinting technique: The equipment and software for 3D
printing biomaterials and cells; 2) Tissue engineering: Fabricate artificial tissues and
organs by Cell 3D printing; 3) Drug discovery: Develop high content drug discovery
techniques by 3D bioprinting; 4) Personalized medicine: Develop personalized medicine
techniques using Medical information and biofabrication.

Current Positions

Professor and Doctoral supervisor of Biomedical engineering Department of Hangzhou
Dianzi University

Director of Biofabrication Research center

VP of China 3D Printing Technology Industry Alliance

VP of Zhejiang Translational medicine

General Manager of Regenovo Biotechnology Co., Ltd.

Research Interests
3D bioprinting technique: The equipment and software for 3D printing biomaterials and
cells.
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Tissue engineering: Fabricate artificial tissues and organs by Cell 3D printing.
Drug discovery: Develop high content drug discovery techniques by 3D bioprinting.

Personalized medicine: Develop personalized medicine techniques using Medical
information and biofabrication.
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