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Why do we use organoids to study developmente




From mouse pancreas progenitors to spheres and

Greggio et al.,
Development, 2013

organoids: different media
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Control over the initial cell assemblies to control self-
organization

Initial cell states
(Genetically-encoded
self-organization)
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Why do we use organoids to study developmente

To conftrol cell assemblies and external signals to
understand emergent properties

To study the mechanical control of development



Live imaging reveals collective polarized movements in 3D spheres
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Formation of the ductal network

One lumen or many¢
Spherical lumen or network?

aPKC (apical) aPKC (apical)

DAPI (nuclei)



De novo lumen formation

plexus generation plexus remodelling
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Formation of the ductal network

3 phases:
- Microlumen formation (cell polarization) Timelapse
- Connection into a network GFP-LifeAct
- Optimization of network
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Why do we use organoids to study developmente

To study the mechanical control of development
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Goncalves et al., Nat. Comm., 2021



Development of pancreas spheroids from hESCs and iIPSCs

in vitro differentiation Expanding pancreatic progenitors
PP-spheroids
Replating single cells
QD O@ @@ =z o
4 DMEM/F12, FGF2, B27 L cycles
hESC Definitive Primitive Posterior Pancreatic ROCK inhibitor 20+ j\
hiPSC Endoderm Gut Tube Foregut Progenitors \ passages
(every 10 days)

Rezzania et al. 2014 protocol or Semb/Ameri;
Pdx-GFP line from H. Semb- works with a variety of lines.

Same medium

Akiko Nakamura Carla Gongalves

Goncalves et al., Nat. Comm., 2021




3D expansion of pancreas progenitors

A majority of pancreas
progenitors.

Heterogeneity in shape and
expression.

Can be cryopreserved
and re-cultured.

Maintain stable
karyotype.

Cummulative fold change
in cell numbers (Log10)

1234567 8 9 10111213 14 15 16 17 18 19 20
passage number



How similar are pancreas organoids to the human fetal pancrease
Cells expanding in 3D are more similar to in vivo than 2D

_"H\\'

L]
\

\ o \ . Fetal human
A %} pancreas

C— |
. 527—
N

Human fetal pancre$ Fetal spheres
7-10 wpc Y

——

Pancreatic progenitors Human fetal
in 2D organoid
S
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Major differences between 2D and 3D

More proliferation in 3D Fate more mixed pancreas/liverin 2D
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Pancreas progenitors in vitro keep functional features of the cells in vivo

Endocrine differentiation
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Retain endocrine differentiation capacity at all passages. Any ability to differentiate into acinar cells?



Why do we use organoids to study developmente

To study the mechanical control of development

Reporters- comparing species




Using organoids to study genes impairing human development:

Neurogenin 3 is crifical for pancreatic endocrine commitment

Neurog3 KO

\

No pancreatic endocrine cells
Mice die postnatally from diabetes
mellitus

severe NEUROG3 mutations

\

Most patients develop
diabetes mellitus early in life
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Following endocrine progenitor cell birth live

GFP fromm NEUROGS3 promoter- long .
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Slower process of differentiation than in mice

Data source
- Human GFP

— Kim et al. 2015
Mouse RFP
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- Heterogeneity of peak levels of NEUROGS3 (Stochasticity in Notch ligand inputs?e)
- Transcription 2x slower in mouse than in human (also cell cycle length of progenitors)

Our mouse data in Kim et al., PLoS Biol. 2015 (live) and Larsen et al., Nat. Comm. 2017 (in vivo clonal analysis)



Mapping live imaging/cell behaviour 1o single-cell RNA sequencing

Indexed FACS

Interpolation &
Quantile Mapping

Probability Calculation &
Cluster Prediction
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Why do we use organoids to study developmente

To study the mechanical control of development

Reporters- comparing species
Interferences in screening formats




Screening for pathways controlling expansion and differentiation reveals different

ligand-receptor pairing in human and mouse

hESC-derived PP in 96-
/‘_\ well plates. Screening  —
[ Y 30 compounds

Proliferation and
differentiation

InterComm:
80000041 Endogenous Notchi WHT. promOTeS FGF2, 9 & 13 natural
EGF promotes ____ proliferation ligands in vivo and in
600000+ Endogenous differentiation organoids (Fgf10 in
and ; - mouse)

exogenous FGF

AREG & TGFa natural
ligands in vivo and in
organoids (BTC & EGF
In mouse)

Cell mass
Luminosity {(AU)
S
S

Validation with fetal spheroids (EAU) R o
Ligand-receptor pairing in vitro and in vivo suggests different ligands in human and mouse.

Goncalves et al., Nat. Comm., 2021



Drug screening to identify regulators of human pancreas development

Progenitors{PD¥l)
Nuctlei (DAPL):

Rashmi Keshara s



Image Analysis
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Hit Selection

/ Nuclear feqtures\

Total: 290
Intensity
Size&Shape
Number of object

6rganoid features
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Kim CW, et al. 2013
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Polarity inversion
Reduced lumen

Rico Barsacchi



Why do we use organoids to study developmente

To study the mechanical control of development

Reporters- comparing species

Interferences in screening formarts

Interterences inspired from human genetics




GLIS3 mutations cause neonatal diabetes and hypothyroidism syndrome

Heterozygous variants predispose to T1D &T12D

GLIS3

Thyroid gland

= Congenital hypothyroidism

_— kye

= Congenital glaucoma oo~
Michael Larsen

Kidn ey Heart
* Polycystic kidney
sleease Pancreas
- * |ntrauterine growth restriction
| iver— » Neonatal diabetes

= Liver fibrosis » Pancreatic cyst formation

Taha sf al.
American journal of medical genelios, 2003



Developmental phenotype of mouse mutant: Cysts and 90% reduction of beta cell formation

Crispr Inactivation of Glis3 in hES cell-derived
pancreas spheres results in cystic spheres
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Increase in proliferation and cell cycle terms

v

Decrease in ductal cell markers, extracellular
matrix and cilia- terms

GLIS3 +/+ GLIS3 -/-

Bulk franscriptome day & . , o ,
Prior fo cyst detection Effect on endocrine differentiation under evaluation.



Challenges

Relevance of in vitro observations to the in vivo setting?
(rotation, endocrine cell wandering)

Medium masking some effects when testing gene
function
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Thanks to our collaborators on these projects

Anne Jgrgensen (Rigshospitalet, Copenhagen)- Human embryos
Sascha Yung, Antonio del Sol (Univ. Luxemburg)- InterComm

ldo Amit (Weizmann institute)- Set up MARS-Seq

Federica Luppino & Christoph Zechner (MPI-CBG)- Quantile mapping
Helfpful, competent and creative MPI-CBG facility staff

Post-doc positions available
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