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LaasunLtia (Stem Cells)
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LaasunLtia (Stem Cells)

Pluripotent Stem Cells

Iiaasnuatdawnlstilu 3 2Aiia

1. iaasuntiacaraau (Embryonic stem cells, ESCs)
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1. tfaasunlianlaau (ESCs)
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2. aasuitian laannnsinienin (iPSCs)

iPSC - INDUCED PLURIPOTENT STEM CELLs

Prof. Dr. Shinya Yamanaka %2,
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3. Lfaanunitiiaadne (Adult stem cells)
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Cell therapy
applications

Toxicology Disease
testing | s modelling

iIPS Cell

Applications

. ~Drug
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medicine é and discovery
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Induced pluripotent stem cells (iPSCs)
anAddasun




MINUINTUAY IPSCs Tunyref

hiPSC-derived tissues

on microfluidic chips
actiedb ol hiPSC-derived

assembloids

Humanized animal
models and organ
chimeras

bV

éb‘ ,,,;:;5'7
hiPSC-derived 2D
mono/multi-culture

Tissue engineering
and 3D printing organoids

Physiological relevance |

Throughput

Multi-lineage Human iPSC-Derived Platforms for Disease Modeling and Drug Discovery: REVIEW article (Sharma, Sances, Workman, & Svendsen, 2020)



AUAUDILAIRNWRIUININALARN IPSCs nurel uaglasun1sQnunw

Brain

Lung Skin Ear

Heart

Tissue Type

2D Dual & Microfluidic Tissue Organoids/ Animals &
Major Cell Types Co-Culture Chips Engineering Assembloids Chimeras
Neuron Brennand 2011 Brown 2016 DeQuach 2011 Lancaster 2013 Nori 2011
- Israel 2012 Wang 2017 Wang 2011 Gabriel 2017 Wang 2013
Qligogenaracyte Amiri 2013 Sances 2018 | Zhang 2016 Biesy 2017 Chen 2016
Microglia W Mansour 2018 5
en 2014 Vatine 2019 Appelt-Menzel 2018 Windrem 2017
Astrocyte 2 atine Kanton 2019
. Ishii 2017 Park 2019 Joung 2018 Trujillo 2019 Mansour 2018
Endothelial cell Garcia 2019 Cakir 2019 Haremaki 2019 Xu 2019
Rod Teotia 2017 Achberger 2019 | Worthington 2017 Zhong 2014 Carr 2009
Cone Songstad 2017 Li 2017 Foster 2017 Kanemura 2014
Retinal ganglion Yang 2017 Susaimanickam 2017 |Kamao 2014
Retinal epithelium Calejo 2020 Hallam 2018 Zhao 2015
Bipolar cell Achberger 2019
Type | hair cell Gunewardene 2016 Koehler 2017 Chen 2018
Type Il hair cell Chen 2018 Jeong 2018 Takeda 2018
Inner cochlear hair cell Mattei 2019
Outer cochlear hair cell
Neuron
Melanocyte Veraitch 2013 Abaci 2016 Itoh 2013 Kim 2018 Itoh 2013
Keratinocyte Petrova 2014 Kim 2019 Yang 2014
Merkel cell Gledhill 2015 Abaci 2016
Langerhans cell Abaci 2016 Kim 2018
Fibroblasts Kim 2018 Liu 2019
Lung epithelium Gotoh 2014 Ghaedi 2013 Gotoh 2014 Shafa 2018
Type | pneumocyte Gilpin 2014 Dye 2015
Type |l pneumocyte Wilkinson 2017 Wilkinson 2017
Alveolar macrophage Ghaedi 2018 Miller 2019
Endothelial cell Strikoudis 2019
Cardiomyocyte Josowitz 2016 Wang 2014 Deha g Voges 2017 Ye 2014
Cardiac fibroblast | Schweizer 2017 Ellis 2017 Serpooshan 2017 Mills 2017 Chong 2014
Endothelial cell Yoshida 2018 Zhang 2017 Shadrin 2017 Hoang 2018 f(“ga‘t@s;g 127016
Smooth muscle Zhang 2019 Kalmykov 2019 | Tiburey 2017 Mills 2019 Lii ;’0":8
Cardiac pacemakers Ronaldson-Bouchard 2019 Bargehr 2019

Multi-lineage Human iPSC-Derived Platforms for Disease Modeling and Drug Discovery: REVIEW article (Sharma, Sances, Workman, & Svendsen, 2020)




AinUILBRIFNWNUIUNNALURA IPSCs nuiel wazladunisanwun (aa)

Connective

Multi-lineage Human iPSC-Derived Platforms for Disease Modeling and Drug Discovery: REVIEW article (Sharma, Sances, Workman, & Svendsen, 2020)

Blood

Tissue

Pancreas Stomach

Liver

Intestine

Tissue Type
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2D Dual & Microfluidic Tissue Organoids/ Animals &
Major Cell Types ~ Co-Culture Chips Engineering Assembloids Chimeras
Lymphocyte Choi 2009 Zanotelli 2016 Samuel 2013 Wimmer 2019 Orlova 2014
Monocyte Dias 2011 Ribas 2017 Gui 2016 Montel-Hagen 2019 |Tan 2018
Granulocyte Adams 2013 Atchison 2017 Motazedian 2020 Espinoza 2018
Erythrocytes Yang 2014 Skylar-Scott 2019
Endothelial cell Patsch 2015 Atchison 2020
Osteoblast Qu 2013 de Peppo 2013 de Peppo 2013
Osteoclast Demestre 2015 Wang 2014 Phillips 2014
Myoblast Kang 2014 Jeon 2016
Tenocyte Jeon 2016 Sheyn 2016
Chondrocyte
Mucous cell Lee 2018 McCracken 2014
Parietal cell McCracken 2017
Chief cell Trisno 2018
Gastrin cell Zhang 2018
Neuroendocrine cell Broda 2019
Alpha cell Trott 2017 Tao 2019 Wan 2017 Pagliuca 2014 Kroon 2008
Beta cell Kuo 2017 Raikwar 2015 Kobayashi 2010
Delta cell Enderami 2018 Fillgeg 2015 Jeon 2012

g Hohwieler 2017
Gamma cell Abazari 2018 Tao 2019 Ma 2018
Ste”ate Ce” Alvarez_Dominguez 2020 Ha“er 201 9
Hepatocyte Ware 2015 Schepers 2016 | Ware 2015 Takebe 2013 Liu 2011
Stellate cell Berger 2015 Wang 2018 Faulkner-Jones 2015 | Guan 2017 Takebe 2013
Kupffer cell Freyer 2017 Ramme 2019 Ma 2016 Takebe 2017 Nagamoto 2016
Oval cell Koike 2019 Pettinato 2019
Endothelial cell
Podocyte Xia 2013 Musah 2017 Batchelder 2015 Morizane 2015 Toyohara 2015
Endothelial cell Taguchi 2014 Ramme 2019 Fischer 2017 Takasato 2015 van den Berg 2018
Parietal cell Toyohara 2015 Benedetti 2018 Forbes 2018 Subramanian 2019
Brush border cell Tajiri 2018 Czerniecki 2018 Low 2019
Mesangial cell Low 2019
Enterocyte Zhang 2018 Workman 2018 | Finkbeiner 2015 Spence 2011 Watson 2014
Goblet cell Takayama 2019 Sidar 2019 Kitano 2017 Workman 2017 Jung 2018
Enteroendocrine cell Ramme 2019 Workman 2017 Crespo 2017
Paneth cell Mingrs 2017
Takahashi 2018

Tuft cell Mithal 2020
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NsNAaaINIIRaTinAldiaaa iPSCs Tutlaqtiu (2021)

. . . . Clinical Trial
Location Company Disease Cell Type Clinical Phase Identifier
Australia, United Th(i'inatfti Graft vs. host iPSC-derived Phase 1 ClinicalTrials.gov:
Kingdom =rapetiies disease mesenchymal stem cell 5 NCT02923375
Limited
: : iPSC-derived Natural ClinicalTrials.gov:
United States Fate Therapeutics Cancer Killer (NK) cell Phase 1 NCT03841110
Betjing U'nlver51ty Chronic heart iPSC-derived ClinicalTrials.gov:
of Chinese failure cardiomyocytes Phase 2/3 NCT03759405
China Medicine yocyt
. . iPSC-derived ClinicalTrials.gov:
Help Therapeutics Heart failure cardiomyocytes Phase 1/2 NCT03763136
Kyoto University o, . . épsiﬁilie? Phase 1/2 ICTRP: JPRNU-
Hospital SOT CHSEASE OPAmMINETSIc >¢ MIN000033564
Japan progenitors
Osaka University, Myocardial iPSC-derived Phase 1 ClinicalTrials.gov:
Cuorips Inc. ischemia cardiomyocytes sheet >¢ NCT04696328

Utility of iPSC-Derived Cells for Disease Modeling, Drug Development, and Cell Therapy: REVIEW article (Nicholson et al., 2022)
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ATEILLUARAIITALRATW LN TaaTldidas iIPSCs nantwsaaniilae
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Utility of iPSC-Derived Cells for Disease Modeling, Drug Development, and Cell Therapy: REVIEW article (Nicholson et al., 2022)



AN3&NIIENE ManATUIaaNTANN IATIRENILUUEINEA (3D printing)

‘ ECs
% (Bioink 1)

Smooth Muscle

T" Descending
e aorta
il Pre-matured

VSMCs Endothelium TEBV + sheath

(Bioink II) Aorto-iliac
branch

Cell-printed
TEBV

Un34e(3 3D printing as1iduidoaifeu
la=naaalanielddusa

‘ﬁmgﬂ. https://news.theceomagazine.com/news/3d-printed-human-heart/
https://science.sciencemag.org/content/364/6439/458 1 3



AsFNILiadnaULiaila waznisdszansdlanulsaiilauasiaanildan

somatic cells iPSCs iPSC-cardiomyocytes
- s
( In vivo
® 1
oCT4 Fetal / Newborn Postnatal Adul
# SOX2 a rer ™
c-MYC _ ‘ ( )
KLF4 w0 S Y oW S
GRIREREARS - increased 02 Hormonal surge % =& \ .
‘ developmental biology P | :
J_T:l\:‘ -based knowledge i )
iPSC-cardiomyocytes “
Gene-edited iPSCs with-ediled genes

LN

Nutrition change Increased workload

In vitro
Immature iPSC-CMs Mature iPSC-CMs

Mechanical / electrical stimulation -
Hormones (T3, corticosterone, IGF1)
Fatty acids

Compounds (PPARg, ERRy agonist, mTOR inhibitor)
Co-culture with non-myocytes

[

Cardiac cell therapy in vitro disease model Cardiotoxicity test

e

Funakoshi ttag Yoshida, Recent progress of iPSC technology in cardiac diseases. Archives of Toxicology, 2021

Arrhythmia disease
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Mesenchymal stem cells (MSCs)
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iaasuAfiadigulai (MSCs)

Pluripotent Stem Cells
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Somatic cell N | |
Induced Pluripotent Stem Cells i ‘ - Mesenchymal Stem Cells
(iPSCs) ‘ (MSCs)
Multipotent Stem Cells |

Dental pulp
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azladunasunaiiu (Spinal Cord Injury) K&
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TsaaatnLda (Osteoarthritis)

2L &aNTaas55uE A TUsLaLBUEU

r

dleni : 7’7’7""“”"""13 gnarawdndaidn e
14 Ju Lmaa’ﬂsvmndau
MSCs MLLEIﬂVLCoW']ﬂ A9 wyezaag 7 Ldau
Wiatiiannsdulaad
a5 UDINY T
v daaafa

v wjaamamm"l,ﬂLmv‘mmﬂs”maau mmjammjuns”mﬂaaumaﬂmﬂiuna‘ummwu"l,m
v 1m°lmuaLﬂanivmnaauaunsmmuinamﬂ\muLuamaﬂsvmnaauwamum LAang 3 thau
A9 laifinnzaiawindan

19



MSCs

o O

a1l INA

(Review)

@
g
=
@
i
=
i
G
>




InATUlRiiaalnlaan MSCs

(Jovic et al., Stem Cell Reviews and Reports, 2022.)

MSCs-based clinicals trials at ClinicalTrials.gov m Musculoskeletal
60 m Neurology
140 ® Pneumology *
o COVID-19
= 120 Immunology
o |
ﬁ 100 m Cardiology
T‘d m Heptatology
¢ 80
' a ®m Endocrinology
— 60
O /\/ ®m Reproduction
G 40 —
o) / m Oncology
cz_‘,h 20 ,’"/ m Dermatology
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m Gastroenterology
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TsaraLnLda (Osteoarthritis)

CARTISTEM® #a enAfigiunauuay umbilical cord blood
derived MSCs way 4% hyaluronate hydrogel (UCB-MSC-HA)

1asun1saulifldniunsensrvaulaaniaaivisuasen
f185170U95LNA UnTAN 2555

(NCT01041001, NCT01626677)

v Udaaase
v anAmuLIulle

“; ‘6 v Snwdiatiiaziaian
l\ -

< e Y amsawmlddn 51
RO v as'lasueniiunnnin 1 asv

Phase 3 Clinical Trial 71 48 a4
(Lim et al., Orthopaedic Journal of Sports Medicine, 2021)
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AMglagunavunatdu (Spinal Cord Injury)

aMZladundavunatIuTudaninaaas

(Yousefifard et al., Journal of Neurosurgery: Spine, 2019.)

scaffold

Umbilical cord-MSCs vl
‘luwamm'\
'I' B

Bone marrow-MSCs

Adipose tissue-MSCs

iﬂ
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Coronavirus-2 (SARS-CoV-2)

MSCs frequently found among anticipated treatments for COVID-19

(Moll et al., Frontiers in Immunology, 2020.)

Rapid global spread of SARS-CoV-2 and Anticipated Treatments e
COVID-19 deaths (7% of confirmed cases) for COVID-19 piae
3000000+ =essrsssssassasssscssasscssnanascans = }

[ SARS-CoV-2 positive

»
- S confirmed cases e Ry
@ 1000000=k - cvmeemmmmeee e “ R e S
O 1000000+ eerevrerrsrsensrersrmssmenrnesssnsansssssens ; 4 N
o
“E’ > 220,000 deaths from
& 5000004  COVID-19 until Apr-29 [ Cell Therapy | &3 UC-MSCs
g [ Antiviral 1 Other MSCs
QO 220000+« ssovescsnnannns . B TCM B MSC-EVs
0~ 1 Other [0 Other cell
& q, Q .9 Qb‘ D o D q,% Relative contribution to
& P (F ¢ VQ‘ & clinical trials for COVID-19

Date in the Year 2020 (Total n=597 registered)

Bone marrow-MSCs
(Wilson et al., The Lancet Respiratory Medicine, 2015.)

Phase 1 clinical trial
\ Taf MSCs & ususns1sanivszuumataunnala (Coronavirus-2)

WanaaaY : Nan1Ratdaa MSCs nvnaaatdanstnadastaesaciea 9 au
28 11AINNTULNURITTARAUDERINIANNTLAZTULTILNUNRIIAITULTINNA
aeuaa 'l : Aavatu’lidg phase 2
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o5 Tsahlaauwal (Heart failure)

Uaannguazluszansnin
( Mesenéﬁ&r;la[éf;;n Cells

(MSCs) 8 \
Jy %

(Kleiton et al., Basic to Translational Science, 2020)

% % Umbilical cord-MSCs
(Bartolucci et al., Circulation Research, 2017)

Phase 1/2 clinical trial (ah&&iias 15 Au)
1af MSCs &1uFusn1lsamilaguiial

Wanaaav : 1) ﬂaamﬂ”ﬂu,az‘vh‘lﬁ’mm;wqo‘llmﬁﬁaa"ummmﬁ

2) fiennsfiuarvasirlanadu
3) Windszanininaisvinuzasi laacavaing uassinai
AL NI A AU
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