
2020 WORLD CONGRESS ON IN VITRO BIOLOGY ABSTRACT ISSUE

Animal Symposia and Workshops

A-2

From Brain Organoids to Animal Chimera: Novel Platforms
for Studying Human Brain Development and Disease. ABED
A.MANSOUR. Laboratory of Genetics, The Salk Institute for
Biological Studies, 10010 North Torrey Pines Road, La Jolla,
CA 92037. Email: amansour@salk.edu

Due to the immense complexity of the human brain, the
study of its development, function, and dysfunction during
health and disease has proven to be challenging. The advent
of patient-derived human induced pluripotent stem cells,
and subsequently their self-organization into three-
dimensional brain organoids, which mimics the complexity
of the brain’s architecture and function, offers an unprece-
dented opportunity to model human brain development and
disease in new ways. However, there is still a pressing need
to develop new technologies that recapitulate the long-term
developmental trajectories and the complex in vivo cellular
environment of the brain. To address this need, we have
developed a human brain organoid-based approach to gen-
erate a chimeric human/animal brain system that facilitates
long-term anatomical integration, differentiation, and vas-
cularization in vivo. We also demonstrated the development
of functional neuronal networks within the brain organoid
and synaptic-cross interaction between the organoid axonal
projections and the host brain. This approach sets the stage
for investigating human brain development and mental dis-
orders in vivo.

A-4

Collagen Vitrigel Membrane Useful for Fabricating Three-
dimensional Culture Models and Their Application to the
Development of Test Methods for Predicting ADME/Tox of
Chemicals. TOSHIAKI TAKEZAWA. National Agriculture
and Food Research Organization, Institute of Agrobiological

Sciences, 1–2 Owashi, Tsukuba, Ibaraki 305–8634, JAPAN.
Email: t.takezawa@affrc.go.jp

Pathways of chemicals in each organ in vivo are classified into
two patterns; one is the pathway from epithelium to endothe-
lium via mesenchyme and another is the pathway from
endothelium to epithelium via mesenchyme. Extracellular
matrix in vivo provides the microenvironment functioned as
not only the scaffold for epithelial, mesenchymal and
endothelial cells but also the pathway of chemicals.
Meanwhile, a collagen vitrigel membrane (CVM) we
developed provides such microenvironment in a culture
system in vitro because it is composed of high density-
collagen fibrils equivalent to connective tissues in vivo [Cell
Transplant 13: 463, 2004]. The CVM possesses excellent
transparency and protein permeability, and consequently it
functions well as a scaffold for fabricating various 3d-culture
models. In particular, the 3d-culture model fabricated in a
CVM chamber is appropriate for the ADME/Tox assay after
exposing chemicals because the assay system reflects their
pathways in vivo. From the viewpoint of extrapolating
ADME/Tox in vivo of chemicals, we have developed
vitrigel-EIT (Eye Irritancy Test), CPT (Corneal Permeability
Test), VPT (Vascular Permeability Test) and LMET (Liver
Metabolism and Excretion Test) methods using corneal
epithelium, cornea, microvascular endothelium, and hepatic
lobule models fabricated in the CVM chamber, respectively.
Here, the vitrigel-EIT is a brief test method for determining the
presence or absence of eye irritation by analyzing the profile
on the time course of TEER (transepithelial electrical
resistance) in the measurement for 3 minutes, after exposing
chemicals to a human corneal epithelium model prepared by
culturing HCE-T cells (a human corneal epithelial cell line) in
a CVM chamber [Toxicol Sci 135: 347, 2013]. The Vitrigel-
EIT method was registered as OECD test guideline No.434
in 2019. Also, the vitrigel-CPT is a test method to evaluate
drug permeability in a cornea model prepared by co-culturing
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HCE-T cells and BCE C/D-1b cells (a bovine corneal
endothelial cell line) via the CVM of chamber [Drug Metab
Dispos 46: 1684, 2018].

A-5

Drug Discovery Using Disease-specific iPS Cells Collection in
RIKEN Cell Bank. YOHEI HAYASHI. RIKEN Bioresourse
Research Center, iPS Cell Advanced Characterization and
Development Team, 3–1-1 Koyadai, Tsukuba, Ibaraki, JAPAN.
Email: yohei.hayashi@riken.jp

Patient-derived induced pluripotent cells (iPSCs) offer a
new way for disease modeling and drug discovery.
Differentiation of iPSCs into many cell types enables to
develop disease-relevant assays for drug screening because
they maintain the patients’ genetic background can have the
same disease phenotypes. RIKEN cell bank has collected
3111 disease-specific iPS cell lines from 753 patients with
231 disease types and 479 iPSC lines from 91 healthy do-
nors (as of September 9, 2019). In the coming years, it is
important to utilize these cells for the research projects of
intractable diseases and drug development. We are charac-
terizing these disease-specific iPS cell lines in response to
the need for their research and development. We have also
started to generate mutation-corrected iPS cell lines from
disease-specific iPS cell lines, mutation-introduced iPS cell
lines from normal iPS cell lines from healthy donors, and
fluorescent reporter iPS cell lines for cell type-specific
marker proteins, by genome editing. Through these re-
search, development, and dissemination, we would like to
accelerate the utilization of these cells for the research pro-
jects of intractable diseases and drug development. I would
like to introduce our recent research activities using
disease-specific iPSCs.

A-6

Development of Novel Drug Safety Assessments Using Human
iPS Cell Technology. Y. KANDA. National Institute of Health
Sciences, 3–25-26 Tonomachi, Kawasaki, Kanagawa, 210–
9501, JAPAN. Email: kanda@nihs.go.jp

There is great regulatory need for better tools to predict
drug-induced adverse effects accurately. Human induced
pluripotent stem cell (iPSC) technology are expected to
provide a new cell-based platform to overcome the spe-
cies difference. Here I would like to talk about the all
japan activities of the iPSC-based testing methods and
important roadblocks remaining. Cardiac safety assess-
ment is still challenging because a better understanding
of torsadogenic mechanisms beyond hERG blockade

and QT interval prolongation is necessary for patient
safety. I have organized the Japan iPS Cardiac Safety
Assessment (JiCSA) to evaluate the applicability of
iPSC-derived cardiomyocytes (iPSC-CMs) for assessing
the torsadogenic potential of compounds using multi-
electrode array (MEA) system and performed a large-
scale validation study. JiCSA also participated in an
international multi-site study of iPSC-CMs by US
FDA. We found that iPSC-CMs recorded by MEA
would be a standard testing method to evaluate
proarrhythmic potentials. This testing method is now
under discussion at the ICH S7B/E14 discussion group
for its regulatory use. In addition to cardiac safety issue,
we are working on neurotoxicity testing in collaboration
with HESI NeuTox committee to predict seizure liability
at the early stage of non-clinical studies. We have eval-
uated drugs with seizure potentials by a MEA system
using iPSC-derived neurons. Currently, we have tried to
find suitable endpoints to detect seizurogenic com-
pounds. In conclusion, iPSC technology would be use-
ful as early and predictive in vitro assays.

A-7

Consideration Points for theDevelopment ofMicrophysiological
System. S. ISHIDA. National Institute of Health Sciences, 3–25-
26 Tonomachi, Kawasaki-ku, Kawasaki 2109501, JAPAN.
Email: ishida@nihs.go.jp

Microphysiological Systems (MPS), which has been called
organs-on-a-chip until recently, is pretty new methods for
the in vitro drug discovery approach. MPS is derived from
micro-TAS utilizing MEMS technology. Instead of
conducting chemical reactions, different kinds of cells are
seeded in compartments on the chip. Each compartment is
designed to mimic the microenvironment of any given tissue
and connected each other by circulating the medium. AMED-
MPS project, which is led by Japan Agency for Medical
Research and Development (AMED), are aiming to develop
in vitro metabolizing MPS by recruiting liver, gut, kidney and
blood-brain barrier (BBB). Not only academic laboratories but
also Japanese leading pharmaceutical companies are partici-
pating in the project and developing MPS to fulfill the unmet-
needs proposed by the participating pharmaceutical compa-
nies. The unmet-needs proposed by the pharmaceutical com-
panies will be introduced and the way how to solve the prob-
lem will be reported in the presentation. The consideration
points to construct tissue-MPS from the view of cell function-
alities, as well as MPS constructions, will be discussed. The
discussion will mainly focus on the liver-MPS, but also on the
other tissueMPS (gut-, kidney-, and BBB-MPS). Our prelim-
inary data obtained from the Liver-MPS based on commer-
cially available apparatus will be also presented.
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A-8

MiR-145 Mediates Cell Morphology-regulated Mesenchymal
Stem Cell Differentiation to Smooth Muscle Cells. YI-TING
YEH1,2,3, Josh Wei1,2, Satenick Thorossian2, Katherine
Nguyen1,2, Clarissa Hoffman1,2, Juan C. del Álamo2,3,
Ricardo Serrano3, Yi-Shuan Julie Li1,2, Kuei-Chun Wang1,2,
and Shu Chien1,2. 1Department of Bioengineering, 2Institute
of Engineering in Medicine, and 3Department of Mechanical
and Aerospace Engineering, University of California, San
Diego, La Jolla, CA 9209. Email: yiyeh@ucsd.edu

The use of biochemical signaling to derive smooth muscle cells
(SMCs) from mesenchymal stem cells (MSCs) has been ex-
plored, but the induction of a fully functional SMC phenotype
remains to be a major challenge. Cell morphology has been
shown to regulate MSC differentiation into various lineages,
including SMCs. We engineered substrates with microgrooves
to induce cell elongation to study themechanism underlying the
MSC shape modulation in SMC differentiation. In comparison
to those on flat substrates, MSCs cultured on engineered sub-
strates were elongated with increased aspect ratios for both cell
body and nucleus, as well as augmented cytoskeletal tensions.
Biochemical studies indicated that the microgroove-elongated
cells expressed significantly higher levels of SMC markers.
MicroRNA analyses showed that up-regulation of miR-145
and the consequent repression of KLF4 in these elongated cells
promoted MSC-to-SMC differentiation. Rho/ROCK inhibi-
tions, which impair cytoskeletal tension, attenuated cell and
nuclear elongations and disrupted the miR-145/KLF4 regula-
tion for SMC differentiation. Furthermore, cell traction force
measurements showed that miR-145 is essential for the func-
tional contractility in the microgroove-induced SMC differen-
tiation. Collectively, our findings demonstrate that, through a
Rho-ROCK/miR-145/KLF4 pathway, the elongated cell shape
serves as a decisive geometric cue to direct MSC differentiation
into functional SMCs.

A-9

Local and Systemic Effects of Cancer-secreted Extracellular
miRNA. S. E. WANG. University of California, San Diego,
9500 Gilman Drive, La Jolla, CA 92093. Email:
emilywang@ucsd.edu

Extracellular microRNAs (miRNAs) that can be detected in
the circulation are novel mediators of intercellular communi-
cation and are considered emerging biomarkers for human
diseases. Using cell-secreted extracellular vesicles (e.g.,
exosomes) as vehicles, miRNAs secreted by cancer cells can
travel to and enter various types of niche cells in primary and
pre-metastatic tumor microenvironments. Upon entering

niche cells, miRNAs regulate gene expression to prepare the
niche for cancer progression. Our lab focuses on defining the
roles of breast cancer secreted miRNAs in adapting local and
distal niche cells and tissues in cancer progression and metas-
tasis. Through de novo sequencing and PCR of circulating
small RNAs in the sera of breast cancer patients we identified
circulating miRNAs as biomarkers for cancer progression to
metastatic disease. Subsequent mechanistic studies revealed
important functions of breast cancer secreted miRNAs in var-
ious aspects of cellular behaviors. Our findings reveal (1) vas-
cular leakiness and enhanced metastasis caused by cancer-
secreted miR-105, which downregulates endothelial tight
junctions; (2) miR-105-induced metabolic plasticity in
cancer-associated fibroblasts to convert cancer-produced met-
abolic wastes (e.g., lactate and ammonia) into energy-rich me-
tabolites to re-enter cancer bioenergetics; (3) suppressed glu-
cose utilization by lung fibroblasts and astrocytes in favor of
glucose uptake by metastasized cancer cells mediated by
cancer-secreted miR-122.

A-10

Role ofMicroRNAs inHematopoietic Development andCancer.
DINESH S. RAO. Department of Pathology and Laboratory
Medicine, David Geffen School of Medicine at UCLA, 10833
Le Conte Ave, Los Angeles , CA 90095. Email :
drao@mednet.ucla.edu

MicroRNAs are small RNA molecules with roles in numer-
ous physiological and pathological processes. The function
of microRNAs in post-transcriptional gene regulation is to
downregulate gene expression via inhibiton of target
messenger RNA transcripts in the RNA-induced silencing
complex. Over a decade ago, we discovered a set of NFkB-
regulated miRNAs that showed important roles in hemato-
poietic development, inflammation, and cancer. Here, I
will review the effects that two microRNAs, miR-155 and
miR-146a, have on immune system cell development and
function.

A-11

Mechanistic Insight and Prediction of Drug-induced Organ
Injury for Humans. ALISON E. M. VICKERS. Human
Transla t ional Models , LLC, Irvine , CA. Emai l :
aemvickers@me.com

Forecasting drug-induced side-effects in humans from animal
findings of organ toxicity requires developing relevant models
that link ex vivo exposure and effects to the in vivo findings,
Organ injury detected in animal studies can be reproduced in
animal tissue ex vivo, then human tissue response is compared
to the animal data to extrapolate human blood levels for
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monitoring the effects. The model, ex vivo organotypic cul-
tures, maintain the 3-dimensional multicellular complexity
and architecture to mimic in vivo structure and function, can
be maintained in culture for days, and allows for the multiple
dosing of drugs. Organ injury is initially characterized by
linking the drug exposure of the cultures with changes in
tissue function and with the animal in vivo plasma exposure
associated with the toxicological findings. Mechanistic infor-
mation can be obtained in the organ slices by analyzing the
dose- and time-response of gene and protein expression along
with cellular functional measurements and histopathology.
This approach successfully characterizes the molecular mech-
anisms of drug action on key cellular pathways that are causal
to organ dysfunction and injury. A comparison of the dose-
response in the significant pathway changes, functional end-
points and consequential outcomes aids to identify the more
sensitive species and aids to identify biomarkers for the clin-
ical studies. Examples of liver injury and eye injury will be
presented. The application of human tissue organ slices to
define the clinical relevance of side-effects and biomarkers
is redefining the scope of translational research in toxicology.

A-12

An In Vitro Model of Human Fatty Liver Disease. ARAS N.
MATTIS2,5, Caitlin Peaslee2, Kavya Anjani2, Cristina Esteva-
Font2, Mark Pabst4, Nathan Bass4, Jacquelyn J. Maher4,5, and
Holger Willenbring1,3,5. 1Eli and Edythe Broad Center of
Regeneration Medicine and Stem Cell Research;
2Department of Pathology; 3Department of Surgery,
Division of Transplantation; 4Department of Medicine,
Division of Gastroenterology; and 5Liver Center, University
of California San Francisco, San Francisco, CA 94143. Email:
aras.mattis@ucsf.edu

With the rising obesity epidemic, non-alcoholic fatty liver dis-
ease (NAFLD) is increasing in prevalence affecting greater
than 30% of the US population. A significant fraction of
NAFLD patients go on to develop non-alcoholic
steatohepatitis (NASH), which progresses from hepatic in-
flammation to fibrosis and then cirrhosis and puts patients at
risk for hepatocarcinogenesis. Despite the rapid growth of this
disease, there has been little progress and no directed treat-
ments available. While animal models are being developed,
it’s clear that mouse and human metabolism are quite differ-
ent. We developed an induced pluripotent stem cell-derived
(iPSC) hepatocyte model from a familial fatty liver patient
with a severe phenotype. Our model shows both baseline
and oleate-challenged increased fatty-acid accumulation.
Furthermore our NAFLD iHep model shows increased JNK
and eIF2a phosphorylation (markers or ER stress). Whole
exome sequencing revealed that our patient carried the
TM6SF2 E167K polymorphism, known to cause defective

ApoB100 lipid loading. Contrary to our expectation, genetic
reversal of the E167K polymorphism by CRISPR-Cas9 ho-
mology directed repair only reduced the lipid accumulation
phenotype by ~30%. To further enhance our model, we tested
our NAFLD iPSC line in a stem cell-derived organoid model
system. We compare our results in modeling NAFLD using
our iPSC iHep monolayer versus the organoid model system.

A-14

Mapping the Mucosal Biogeography, Function and Genetics
of the Pre-neoplastic Colonic Polyp Microbiome. M. C.
Kordahi1, M. Avril2, Jennie Huang2, C. W. Ko2, W. M.
Grady2, and R. W. DEPAOLO2. 1Department of Pathology
and 2UW Medicine, University of Washington, Seattle, WA
98103. Email: wdepaolo@medicine.washington.edu

Research into the human gut microbiome suggests a bacterial
etiology for the development of colorectal cancer (CRC).
Bacteroides fragilis is a particular bacterial species that has
been correlated to CRC development in human studies.
Mouse models have also shown that B. fragilis is capable of
remodeling the mucosal immune response and colonic bacte-
rial community to promote oncogenic changes in the epithe-
lium. In our study, we analyzed the mucosal microbiome of
patients undergoing CRC screening and noted a high preva-
lence of B. fragilis in patients with early CRC lesions. We
isolated B. fragilis from mucosal biopsy samples for deeper
characterization and showed that they phenotypically differed
according to their geographical location in the colon and the
presence of pre-cancerous lesions in the microenvironment
they were isolated from. The results we gathered explore the
relationship between B. fragilis and early-stage CRC and pro-
vide biological framework for microbiota-based biomarkers
and therapeutic targets.

A-15

Host-Microbiome Interaction After Hematopoietic Cell
Transplant Reveal Contextual Microbiome Effects.
JONATHAN GOLOB1, Martha M. DeMeules2, Tillie
Loeffelholz2, Z. Z. Quinn2, Michael Dame3, Sabrina S.
Silvestri3, Michael C. Wu6, Thomas M. Schmidt1, Tina L.
Fiedler2, Matthew Hoostal1, Marco Mielcarek7,9, Jason
Spence3,4,5, Steven A. Pergam2,7,8, and David N. Fredricks2,7,8.
1Division of Infectious Diseases, Department of Medicine,
University of Michigan, Ann Arbor, MI; 2Infectious Disease
Sciences, Vaccines and Infectious Disease Division, Fred
Hutch, Seattle, WA; 3Department of Internal Medicine,
University of Michigan, Ann Arbor, MI; 4Department of Cell
and Developmental Biology, University of Michigan, Ann
Arbor, MI; 5Department of Biomedical Engineering, University
of Michigan College of Engineering, Ann Arbor, MI; 6Public
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Health Sciences Division, Fred Hutch, Seattle, WA; 7Clinical
Research Division, Fred Hutch, Seattle, WA; 8Division of
Allergy & Infectious Diseases, Department of Medicine,
University of Washington, Seattle, WA; and 9Division of
Medical Oncology, Department of Medicine, University of
Washington, Seattle, WA. Email: golobj@med.umich.edu

After allogenic hematopoietic transplant the gut microbiome
has been recognized as a key factor in the risk for both graft-
versus-host-disease and death. Butyrate, a short-chain-fatty-
acid produced by gut microbes (primarily gram positive an-
aerobic organisms (Baxter et al., 2019; Louis and Flint, 2017;
Vital et al., 2014)) and exerts receptor-mediated (Hu et al.,
1996; Sun et al., 2017; Varga et al., 2011) and epigenetic effects
(Gao et al., 2006; Silva et al., 2018) on mammalian cells.
Decreased butyrate levels in stool and reduced butyrogenic
bacteria associate with increased risk of graft versus host dis-
ease in people after allogeneic transplant (Romick-Rosendale
et al., 2018), and in murine models the administration of buty-
rate is protective (Mathewson et al., 2016). Yet, we have evi-

dence that butyrate can be harmful to the gut in the specific
context of colitis that results in a loss of colonic crypts. In
human HCT recipients who develop severe colitis from acute
graft versus host disease the presence of butyrogenic bacteria in
the gut during and after the peak severity of colitis strongly
predicted those who went on to steroid-refractory colitis (Golob
et al., 2019). Using organoid-derived primary human colonic
epithelium in vitro we found in all circumstances, when the
undifferentiated human colonic stem cells (day 1, or when the
cells are roughly the equivalent of the crypt base) are continu-
ously exposed to butyrate, the cells fail to differentiate, fail to
develop TEER, and fail to mature into a complete epithelium.
This is true over a broad range of butyrate concentrations, hu-
man genetic backgrounds, carrier media, and oxygenation con-
ditions. We hypothesize the effects of butyrate on the host are
contextual: Formature and intact colonic epithelium, butyrate is
beneficial; once colitis has developed, particularly colitis
resulting a loss of crypts and exposure of stem/progenitor cells
to butyrate, it may be harmful by blocking stem-cell mediated
reconstruction of the gut.
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