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Pre-organoid Era

SPONGE
CELLS
Before Stem Cell:
Self-organization 1944 O % AMPHIBIANS
and Re-aggregation
Henry Van Peters Wilson in 1907, CYSTIC
discovered that siliceous sponge TERATOMA O 1946
cells, which were previously
degenerated, could self-organize EMBRYONIC
and differentiate into perfect CHICKS
sponges.
EMROYOID
BODIES
PLURIPOTENT
STEM CELL The t
BEENE e Importance
PANCREATIC of Extracellular
Matrix (ECM)
EPITHELIAL The 1980s saw significant
CELL milestones in organoids
research, as the cell-matrix
interactions were investigated
EMBRYONIC in the context of organoid
STEM CELLS development.
2002 HEPATOCYTE

Stem Cells

Researchers could
isolate pluripotent stem
cells from mouse
embryos for the first
time in 1981.

https://www.moleculardevices.com/lab-
notes/cellular-imaging-systems/organoid-
research-history

Modern Organoid |2

e

The advent of human induced
ripotent stem cells (IPSCs) presents.
unprecedented opportunities to

model human diseases—from

differentiated cells derived from iPSCs

in 2D monalayers to recent

advancements that mimic in vivo

i
INDUCED
PLURIPOTENT 2006

ISTEM CELL (iPSC)
INTESTINAL
first time that intestinal adult stem
ol (455) could st orgorire w (Y 2009
and dfremate 10 form ntestngl
crypt-villus structures that GASTRIC

contained all the different
intestinal cell types

2010

RETINAL

‘optic cup structure from
human ESCs in 3D culture

3D CEREBRAL
CORTEX

ssues and organs at the 3D level.

Eiraku/Sasai

foundations of brain organoids by
demonstrating self-organization of
human brain PSCs into neursl
cells that formed polarized
cortical tissue

Sato

RENAL

Renal organcids from
murine fetus-derived
kidney stem cells

previous

s ’% Modern organoid research quickly
‘ 0 ' expanded over the

-
LIVER
ORGANOID
3D CEREBRAL

LarS+ liver stem cells were

ORGANOCID expanded as liver organoids

and were differentiated into

functional hepatocytes when
transplanted into mice

2013; The first study to
derive 3D cerebral
organcids containing
different brain tissues

@ CHOLANGIOCYTE
TUBE

decade to include various organs
and disease models.

@ Here are a few highiights...

Hashino
9" Takebe/Taniguchi

PANCREA
GASTRIC
GASTRULOID
LUNG

poLarizen ) 2014

EMBRYO
PROSTATE
SALIVARY

FALLOPIAN

LUNG HIPPOCAMPAL —o 2015 Ta ka Sato

ORGANOID

PANCREAS 201 Lung organcids from the
3D coculturing of endothelial
‘cells and bronchioalveolar
stem cells

2013: Formation of pancreatic
‘organoias with the cancer
disease model from adult
pancreas tumors

KIDNEY

MAN

™ Nishinakamura

ENDOMETRIUM

< FOETAL
PLACENTA HEPATOCYTE
HEPATOCYTE 201 Q

SNAKE
VENOM ,Sﬁg O 2020
GLAND

SKIN
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Blastocyst Embryo Neonate

Implantation  Gastrulation \

PSC-derived organoids

Neuruloid
Assembloid

Gastruloid

Embryoid

Embryogenesis Organogenesis

. - Injury e » e ™

Homeostasii Adaptation:> Disease
TN /‘ ] %
Regeneration

&

Stem cell-derived
organoids

|

&

Patient-derived
organoids

Homeodynamics
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/Zygote Blastocyst Embryo Fetus Neonate

Implantation  Gastrulation
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2018
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Years after bowel resection

Number of patients at risk
124 116 106 100 82 66 48 35 25 22 17

L 100 to 150 cm
¥ 80 | 50 to 99 cm
U A YU A ;
= 60 . :
g L
= 40 |
E
= 20 | 0to49 cm
=
1¥s]

0 "

Years after bowel resection

Messing et al. Gastroenterology 1999

Patient survival by indication

L0
i 1year 94% Syear 81% 10 year 64%
o Motility disorder (n=17)
— D6 R
E
£ Rk St 9 W W e
@ 04 SBS (n=19)
Tyear 89% Syear 63% 10 year 50%
0.2
P=0.33
0.0
0 50 100 150 200 250 300

Months
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Ueno et al. Pediatr Surg Int 2023
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= Withdrawal
Supplementation — , Promoting intestinal adaptation
* Parenteral nutrition GLP-2 analog, Recombinant GH
» Enteral nutrition

* Oral supplement

('__'T Achieving enteral autonomy

Prevention and treatment
of complications
Catheter:
+ CRBSI . .
» Occlusions one: .
» Thrombosis « Osteoporosis
Liver:
« [FALD
Gallbladder:
+ Cholecystalithiasis
Gastroduodenum:
+ Peptic ulcer Kidney:
* Renal failure
Intestine: * Stones
« Diarrhea
+ SIBO

Endo, Sugimoto et al. Regen Ther 20239
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Small intestine

Circular folds
Lacteal
Epitheliul

Crypt
Lamina
propria

Muscularis
mucosae

Artery/vein
N

Mucosa "
Sub muooosa\[
Circular
muscle layer

Longitudinal
muscle layer
Subserosa
Serosa

Lymphatic = e—
vessel

Myenteric plexus Submusosal plexus

Mesentery

Epithelium : o
Mucosa Crypt H: : = E[A)
Sub muocesa Lamina S = -

propria : ; :
Circular _ b
muscle layer Muscularis 3y ¥ :

" mucosae = c
Longitudinal e c
muscle layer Avrtery/vein 20 ‘
Subserosa ; :

ymphatic \[
Setosa vessel N\ == . e

Myenteric plexus Submucosal plexus

Endo, Sugimoto et al. Regen Ther 202310
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Stomach Culture medium with

stem cell niche factors
' Organoid derivation $heath )
Extra-cellular matrix '4* , ~{§} ,
Organoid P ot ot
expansion (e s o) (e S 6 R ey
—-@ — — S _ ﬁ PO AN A PO AN S A ..-V
Normal or cagatiepd saeatdeptd !
tumor tissue Sl e N ﬁﬁ} N \'ZH:#
Dissociation W W
Crypt
r L P
Small intestine % ;
R
LGR5* stem cells Organoid

transplantation

Epithelium removal
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Small intestinalized colon

- //Villi
Lacteals

Ulcéfétion Mucosal hééling

Sugimoto et al. Nature 2022 -
Sugimoto et al. Keio J Med 2022
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