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Hashimoto R, Sakamoto A, Deguchi S, Yi R, Sano E, Hotta A, Takahashi K, Yamanaka S, Takayama K.
Dual inhibition of TMPRSS2 and Cathepsin B prevents SARS-CoV-2 infection in iPS cells. Mol Ther
Nucleic Acids. 2021 Dec 3;26:1107-1114. doi: 10.1016/j.omtn.2021.10.016. Epub 2021 Oct 20. PMID:
34692233; PMCID: PMC8527102.
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Identification of stem cells in small
intestine and colon by marker gene Lgr5

Nick Barker', Johan H. van Es', Jeroen Kuipers', Pekka Kujala®, Maaike van den Born', Miranda Cozijnsen’,
Andrea Haegebarth', Jeroen Korving', Harry Begthel', Peter J. Peters® & Hans Clevers'

Barker N, van Es JH, Kuipers J, Kujala P, van den Born M, Cozijnsen M, Haegebarth A, Korving J, Begthel H, Peters PJ, Clevers
H. Identification of stem cells in small intestine and colon by marker gene Lgr5. Nature. 2007 Oct 25;449(7165):1003-7. doi:
10.1038/nature06196. Epub 2007 Oct 14. PMID: 17934449.

Single Lgr5 stem cells build crypt-villus structures in
vitro without a mesenchymal niche

Toshiro Sato', Robert G. Vries', Hugo J. Snippert’, Marc van de Wetering', Nick Barker', Daniel E. Stange',
Johan H. van Es', Arie Abo?, Pekka Kujala®, Peter J. Peters® & Hans Clevers'
Sato T, Vries RG, Snippert HJ, van de Wetering M, Barker N, Stange DE, van Es JH, Abo A, Kujala P, Peters PJ, Clevers H.

Single Lgr5 stem cells build crypt-villus structures in vitro without a mesenchymal niche. Nature. 2009 May 14;459(7244):262-5.
doi: 10.1038/nature07935. Epub 2009 Mar 29. PMID: 19329995.
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Self-Organized Formation of Polarized
Cortical Tissues from ESCs and Its Active
Manipulation by Extrinsic Signals

Mototsugu Eiraku, Kiichi Watanabe,! Mami Matsuo-Takasaki,' Masako Kawada,! Shigenobu Yonemura,®? [JERECE
Michiru Matsumura,’ Takafumi Wataya,! Ayaka Nishiyama,! Keiko Muguruma,! and Yoshiki Sasail"

Eiraku M, Watanabe K, Matsuo-Takasaki M, Kawada M, Yonemura S, Matsumura M, Wataya T, Nishiyama A,
Muguruma K, Sasai Y. Self-organized formation of polarized cortical tissues from ESCs and its active manipulation by
extrinsic signals. Cell Stem Cell. 2008 Nov 6;3(5):519-32. doi: 10.1016/j.stem.2008.09.002. PMID: 18983967 .
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NEWS

Science’s Top 10 Breakthroughs of 2013

Qur picks for the year's top research

12 DEC 2013 - BY ROBERT COONTZ

DISHING UP MINI-ORGANS

In theory, pluripotent stem cells have the ability to become any type of cells in the body,
but coaxing the cells to grow into specific tissues is still a challenge. This year, researchers
made remarkable progress by growing "organoids"—liver buds, mini-kidneys, and even
rudimentary human brains—in the lab. Although the brains have no blood supply and stop
growing when they reach the size of an apple seed, their tissue and structure are
surprisingly similar to those of developing human brains. Researchers have already used
them to gain new insights into microcephaly, a condition in which the brain doesn’t grow
to its full size.

https://www.science.org/content/article/sciences-top-10-breakthroughs-2013
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Reconstituting Organ-Level Lung
Functions on a Chip

Dongeun Huh,™? Benjamin D. Matthews,>* Akiko Mammoto,” Martin Montoya-Zavala,™*
Hong Yuan Hsin,” Donald E. Ingber™***

Huh D, Matthews BD, Mammoto A, Montoya-Zavala M, Hsin HY, Ingber DE. Reconstituting organ-level lung functions on a chip.

Science. 2010 Jun 25;328(5986):1662-8. doi: 10.1126/science.1188302. PMID: 20576885; PMCID: PMC8335790.

Emulate, Inc.
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Acoustically detectable cellular-level lung injury
induced by fluid mechanical stresses in
microfluidic airway systems

Dongeun Huh**, Hideki Fujioka*, Yi-Chung Tung*, Nobuyuki Futai*, Robert Paine IlI*5, James B. Grotberg*,
and Shuichi Takayama*Tl

U it B

Huh D, Fujioka H, Tung YC, Futai N, Paine R 3rd, Grotberg JB, Takayama S. Acoustically detectable cellular-level lung injury induced by fluid
mechanical stresses in microfluidic airway systems. Proc Natl Acad Sci U S A. 2007 Nov 27;104(48):18886-91. doi:
10.1073/pnas.0610868104. Epub 2007 Nov 15. PMID: 18006663; PMCID: PMC2141877.
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Cell Stem Cell & CelPress

OPEN ACCESS

Construction of multilayered small intestine-like
tissue by reproducing interstitial flow

Sayaka Deguchi,’” Kaori Kosugi,' Naoki Takeishi,” Yukio Watanabe,' Shiho Morimoto,” Ryosuke Negoro,® Fuki Yokoi,'*
Hiroki Futatsusako,'-* May Nakajima-Koyama,' Mio lwasaki,' Takuya Yamamoto,'-%° Yoshiya Kawaguchi,'
Yu-suke Torisawa,” and Kazuo Takayama':>%"

Deguchi S, Kosugi K, Takeishi N, Watanabe Y, Morimoto S, Negoro R, Yokoi F, Futatsusako H, Nakajima-Koyama M, lwasaki M, Yamamoto
T, Kawaguchi Y, Torisawa YS, Takayama K. Construction of multilayered small intestine-like tissue by reproducing interstitial flow. Cell Stem
Cell. 2024 Sep 5;31(9):1315-1326.e8. doi: 10.1016/j.stem.2024.06.012. Epub 2024 Jul 11. PMID: 38996472.
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Sano E, Deguchi S, Sakamoto A, Mimura N, Hirabayashi A, Muramoto
Y, Noda T, Yamamoto T, Takayama K. Modeling SARS-CoV-2
infection and its individual differences with ACE2-expressing human
iPS cells. iScience. 2021 May 21;24(5):102428. doi:
10.1016/j.isci.2021.102428. Epub 2021 Apr 16. PMID: 33880436;
PMCID: PMC8051014.
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Sano E, Deguchi S, Sakamoto A, Mimura N, Hirabayashi A, Muramoto Y, Noda T, Yamamoto T, Takayama K. Modeling SARS-CoV-2 infection and its individual differences with
ACE2-expressing human iPS cells. iScience. 2021 May 21;24(5):102428. doi: 10.1016/j.isci.2021.102428. Epub 2021 Apr 16. PMID: 33880436; PMCID: PMC8051014.
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Number of COVID-19 cases reported to WHO (cumulative total)

World

L ]
. 33,803,572
Japan
N el
) . "‘-.' - ™
-~ a ..'|’ [ ]
L ] .

WHO Regions . Africa . Americas . Eastern Mediterranean . Europe . South-East Asia Western Pacific

Source: World Health Organization

WHO COVID-19 dashboard (https://data.who.int/dashboards/covid19/cases?n=c)

+74,645
777'825' 1 89 increase on previous 7 days

Reported COVID-19 cases

World, 7 days to 11 May 2025

Number of COVID-19 cases reported to WHO
{cumulative total)

World

Country Cases
Worts e
United 5States of America 103m
China 95.4m

Show 229 more

Pitcairn 4

Demecratic People's Republic of
Korea

Turkmenistan o

Maost recent data submission date: 11th 58 2025

MNumber of countries reported: 240

30



SARS-CoV-2iiR =z /DB Z L IThH - T-1Ffg

2019~2020F D H3kE (Fil) 2019~2020F D HiskE (COVID-19)
12A23H M@ - 12A8H RIDEE
1A10H RARARE - 1A9H [FZE 7 4 )L X HIEA
1~2H Bx HH i - 2A11H SARS-CoV-2i5 %
- 381H AiE. HR=ERLR - 3A1H NYTIyvIEE
- 4RA7TH H #120%H1 PR - 4A16H REEREEE



iPSHiR. ANWVH /A F, [BaFv 7%
HAWTERTAaAO0F 91 IRHFFE

GANRICBRELI-L &

ICABDEIBBH? TANLVRICEN G EZET

32



SARS-CoV-2HiE I RHATZAETIL

In Vitro and Animal
Models for SARS-CoV-
2 research

Kazuo Takayama'* )

et e
]

Basic research on SARS-CoV-2 is
essential to understand its detailed
pathophysiology and identify best
drug targets. Models that can faith-
fully reproduce the viral life cycle
and reproduce the pathology of
COVID-19 are required. Here, we
briefly review the cell lines,
organoids, and animal models that
are currently being used in COVID-
19 research.

(bronchial, lung, kidney,
T"!"E!lﬂmn mice and 19in hunum? SARS-CoV-27 liver, intestin, and
blood vessel)
NO YES
Vero EG cells
cjmmulgus and i Other cell lines
rhesus macagues. (airway epithelial, Caco-2, Calu-3,
Ferrets and cats HEK293T, and Huh7 cellis)
Trends in Pharmacological Sciences

Fgure 1. Schematic Showing a Decision Howchart of Cell Lines, Organoids, and Animal Models in
Studying COVID-19 Pathophysiology. Figure created with Biorender (hitps:/biorender.com).

Takayama K. In Vitro and Animal Models for SARS-CoV-2 research. Trends Pharmacol Sci. 2020 Aug;41(8):513-517. doi:
10.1016/j.tips.2020.05.005. Epub 2020 May 30. PMID: 32553545; PMCID: PMC7260555.
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Generation of human bronchial organoids for SARS-CoV-2 research

Tatsuya Suzula, Yumi ltoh, Yusuke Sakai, Akatsula Saito, Daisuke Okuzaki, Daisuke Motooka, Shohel Minami,
Takeshi Kobayashi, ©5 Takuya Yamamoto, Toru Okamoto, ©° Kazuo Takayama

doi: https://doi.org/1 0.1 101/2020.05.25.1 15600

NEWS
22 JUNE 2020

Mini organs reveal how the coronavirus ravages the body

[ MENU v |

20205A25H

2020FE6H22H
nature

nature A Nature Research Journal Search Q) Login @

Explore our content ¥ Journal information v Subscribe

Mini organs reveal how the
coronavirus ravages the body

irus can damage lung, liver and kidr e grown in
, which might explain some severe COVID-19
complications in people.

Breathed in

One of the key insights from organoids is what SARS-CoV-2 does to cells in the
respiratory system, from the upper airway to the lungs.

Kazuo Takayama, astem-cell biologist at Kyoto University, Japan, and his
colleagues have developed bronchial organoids with four distinct cell types,
made from frozen cells from the outer bronchial layer, or epithelium. When
his team infected the organoids with SARS-CoV-2, they found that the virus
mainly targets stem cells that replenish cells in the epithelium known as basal
cells, but did not easily enter protective, secretory ‘club cells™, The team,
which posted its work on bioRxiv, now plans to study whether the virus can

spread from basal cells to other cells.

Mallapaty S. Mini organs reveal how the coronavirus ravages the body. Nature. 2020 Jul;583(7814):15-16. doi: 10.1038/d41586-020-01864-x. PMID: 32606457.
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Sano E, Suzuki T, Hashimoto R, Itoh Y, Sakamoto A, Sakai Y, Saito A, Okuzaki D, Motooka D, Muramoto Y,
Noda T, Takasaki T, Sakuragi JI, Minami S, Kobayashi T, Yamamoto T, Matsumura Y, Nagao M, Okamoto T,
o \ j- }b jj‘ / /r |~ Takayama K. Cell response analysis in SARS-CoV-2 infected bronchial organoids. Commun Biol. 2022 May

X\ =2

30;5(1):516. doi: 10.1038/s42003-022-03499-2. PMID: 35637255; PMCID: PMC9151746.
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Schilling WHK, et al. Antiviral efficacy of molnupiravir versus ritonavir-boosted nirmatrelvir in 36

patients with early symptomatic COVID-19 (PLATCOV): an open-label, phase 2, randomised,
controlled, adaptive trial. Lancet Infect Dis. 2024 Jan;24(1):36-45. doi: 10.1016/S1473-
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Hashimoto R, Takahashi J, Shirakura K, Funatsu R, Kosugi K, Deguchi S, Yamamoto M, Tsunoda Y, Morita
M, Muraoka K, Tanaka M, Kanbara T, Tanaka S, Tamiya S, Tokunoh N, Kawai A, lkawa M, Ono C,
Tachibana K, Kondoh M, Obana M, Matsuura Y, Ohsumi A, Noda T, Yamamoto T, Yoshioka Y, Torisawa
YS, Date H, Fujio Y, Nagao M, Takayama K, Okada Y. SARS-CoV-2 disrupts respiratory vascular barriers
by suppressing Claudin-5 expression. Sci Adv. 2022 Sep 23;8(38):eabo6783. doi: 10.1126/sciadv.abo6783.
Epub 2022 Sep 21. PMID: 36129989; PMCID: PMC9491726.
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Hashimoto R, Takahashi J, Shirakura K, Funatsu R, Kosugi K, Deguchi S, Yamamoto M, Tsunoda Y, Morita
M, Muraoka K, Tanaka M, Kanbara T, Tanaka S, Tamiya S, Tokunoh N, Kawai A, lkawa M, Ono C,
Tachibana K, Kondoh M, Obana M, Matsuura Y, Ohsumi A, Noda T, Yamamoto T, Yoshioka Y, Torisawa
YS, Date H, Fujio Y, Nagao M, Takayama K, Okada Y. SARS-CoV-2 disrupts respiratory vascular barriers
by suppressing Claudin-5 expression. Sci Adv. 2022 Sep 23;8(38):eabo6783. doi: 10.1126/sciadv.abo6783.
Epub 2022 Sep 21. PMID: 36129989; PMCID: PMC9491726.
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Tuesday, April 29, 2025

NIH to prioritize human-based research technologies

New initiative aims to reduce use of animals in NIH-funded research.

FUA

Roadmap to Reducing Animal
Testing in Preclinical Safety Studies

aligns with the U.5. Food and Drug Administration’s (FDA) recent initiative &

The National Institutes of Health (NIH) is adopting a new initiative to expand
innovative, human-based science while reducing animal use in research.

to reduce testing in animals. While traditional animal models continue to be
. vital to advancing scientific knowledge, using new and emerging technologies
Executlve‘ Sl_l[Il]:r]_a,rs.r can offer unique strengths that, when utilized correctly or in combination.
can expand the toolbox for researchers to answer previously difficult or

unanswerable biomedical research questions.

This roadmap outlines a strategic, stepwise approach for FDA to reduce animal testing in preclinical safety

studies with scientifically validated new approach methodologies (NAMs), such as organ-on-a-chip systems, “For decades, our biomedical research system has relied heavily on animal Combining microfabrication technigues with modern tissue
computational modeling, and advanced in vitro assays. By partnering with federal agencies like NIH and models. With this initiative, NTH is ushering in a new era of innovation,” said f;g'lfjif;”tgHg:;[“dngurj;:rsfl*t‘}'?oﬁf:'f::"Eiﬁﬁhjt‘rfﬁ
VA through ICCVAM, FDA can accelerate the validation and adoption of these human-relevant methods, NIH Director Dr. Jay Bhattacharya. "By Integrating advances in datascience = oo oaning by mimicking the complicated
improving predictive accuracy while reducing animal use. This transition will enhance public health by and technology with our growing understanding of human biology. We can  mechanical and biochemical behaviors of a human lung.
S1reamlining drug developmem and ensuring safer therapies reach pa_lien_ts faster. while positic-ning FDA as a fundamentally reimagine the way research is conducted—from clinical The\ung-on-?-chip work \.t\.'as supported Py N.IH Common

! development to real-world application. This human-based approach will Fund and FDA.  Wyss Institute, Harvard University

glc:»bal leader in modern regulatc:»ry science and innovation. accelerate innovation, improve healthcare outcomes, and deliver life-

changing treatments. It marks a critical leap forward for science, public trust, and patient care.”

https://www.fda.gov/imedia/186092/download

https://www.nih.gov/nih-prioritize-human-based-research-technologies
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Department of Synthetic Human Body System, Medical Research Institute, Institute of Integrated Research, Institute of Science Tokyo

M=k FERE WRAEDERMT ST~ 5E% THWRE Eo i £E - BREER EERE AHRE - BREEE oW - 0&PE PO - EEE

XE BETRRE
SBEBWMER ABEES RS

Department of Synthetic Human Body System,
‘Medical Research Institute,

Institute of Integrated Research,

Institute of Science Tokyo
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