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What is Organoid?

Organoid = Organ #®id (something similar to a real organ)

A common definition: Selbrganizing tissues from stem cells

Originally, it was an aggregate of embryonic cells.

DIFFERENTIATION IN CULTURE OF MIXED AGGREGATES OF
DISSOCIATED TISSUE CELLS*

By J. P. TriNkAUS AND PEGGY W. GROVES

OSBORN ZOOLOGICAL LABORATORY, YALE UNIVERSITY
Communicated by J. 8. Nicholas, July 1, 1955

Trinkauset al., PNAS1955



Establishment in culture

Embr}’OId bOdy of pluripotential

cells from mouse embryos

M. J. Evans* & M. H. Kaufman?t

Departments of Genetics* and Anatomyt, University of Cambridge,
Downing Street, Cambridge CB2 3EH, UK

Embryoid body

Pluripotential cells are present in a mouse embryo until at least
an early post-implantation stage, as shown by their ability to
take part in the formation of chimaeric animals’ and to form
teratocarcinomas®. Until now it has not been possible to es-
tablish progressively growing cultures of these cells in vitro, and
cell lines have only been obtained after teratocarcinoma forma-
tion /n vivo, We report here the establishment in tissue culture of

i i pluripotent cell lines which have been isolated directly from in
Sir Martin J. Evans vitro cultures of mouse blastocysts. These cells are able to Doetschmaret al.,
differentiate either in vitro or after innoculation into a mouse as Developmen 985
a tumour in vivo. They have a normal karyotype.

Evans et al. Nature1981

Organoid from stem cells
Self- Organizing

Polarized Cortical Tissues Self- Organizing Optiecup

M.Eiraku Y. Sasai

Eirakuet al., Cell Stem Cel2008 Eirakuet al., Mature2011

Organoids are not only interesting tools for studying organogenesis but also co
be useful platforms for medical applications



Potential of organoid technologies
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Zika Virus Depletes Neural Progenitors in Human
Cerebral Organoids through Activation
of the Innate Immune Receptor TLR3
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Potential of organoid technologies
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Kidney anatomy
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A mixture of Al + Pl generated kidney organoids

aggregate & CHIR pulse
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(Takasato et al., Nature 2015)



kidney organoi,
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Kidney organoids comprised nephrons

- proximal tubules (LTL)

RQ distal tubules (ECAD)

glomeruli (NPHS1)

(Takasato et al., Nature 2015)



Selfr organizing nephrons consisted of 4 segments

GATA3
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LTL
WT1

collecting duct
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(Takasato et al., Nature 2015)



Ducts in the bottom layer, Glomerull in the outer layer

Bottom Middle Top

Middle

Bottom

(Takasato et al., Nature 2015)



Kidney organoids contain vascular network

Glomerulusvasculature

(Takasato et al., Nature Protocols 2016)



All ant|C|pated renal structures developed in kidney organ0|ds
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Nephrotoxicity assay for drug development

Basic phase Pre- clinical Clinical

Animal exp.

Trial to human
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Check safety
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Success rate 1 / 30,000
Cost Billions of Yen



Reabsorption function of renal proximal tubules

Physiological function drives pharmacokinetics



Megalin-Cubilin mediated endocytosis in PT

Megalin  Cubilin  AMN Hbuniig Vitamin\ /Vitamincarrierprotein

>

~
} 1
L]

.
¥ Vesicles
:

Lysosome

o 4
> - -

Vey

Lysosomal vitamin || @
accumulation J

5 #
<

metabolism".' Amino acids
Vs
- v ]

S

Basolateral secretion of reabsorbed nutrients and amino acids from the deg

(Christensen et al, Physiology 2012)




PT expresses both Megalin and Cubilin
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Dextran uptake in proximal tubules

24h Dextran-488
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Dextran: a polysaccharide
endocytosed by the PT
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Cisplatininduces acute apoptosis in PT
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Low dose Cisplatin induced tissue specific cell death

24h Cisplatin [nM]




Low Cisplatin induced matured PT-specific apoptosis




% of apoptotic

proximal tubules

Low Cisplatin induced matured PT-specific apoptosis
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Renal tubules uptake gentamicin by endocytosis
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Gentamicin induced podocyte specific cell death

OmM Gentamicin 48h
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Gentamicin induced podocyte spegé'ﬁc cell death
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kiadney organoids are not transplantable yet

1. Glomeruli are not fully vascularized 2. Ureter does not develop in the organoid

glomeruli
endothelia

3. Cell heterogeneity is not perfectly controlled.

4. Cells are not well matured



Organe on- a- chip for vascularisation of organoids
CiRA CiRA
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Transplanted kidney organoidgere vascularized

Transplanted under
renal capsule 7 days after

Meca32
(Mouse
blood vessel)

(Stem Cell Reports, 2018)
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