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Organoids news

Lancaster et al., Nature, 2013

Alok Jha, science
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Miniature brains grown in test tubes -a
new path for neuroscience?

Lab-grown 'organoids’ resembling embryo brains could be used for
modelling diseases and testing drugs
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Miniature 'human brain' grown in lab
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Holtfreter performs

dissociation-reaggregation

experiments with dissociated
amphibian pronephros

Pierce and Verney describe the
differentiation of embryoid
bodies in vitro

Evans establishes
pluripotent stem cells from
mouse embryos . Martin
similarly isolates pluripotent
mouse cells and coins the term
“embryonic stem cell”

Thompson et al. isolate and

culture the first human

embryonic stem cell line
from human blastocysts
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Wilson demonstrates the
potential of dissociated
sponge cells to self-organize
to regenerate a whole
organism

Weiss and Taylor perform
dissociation-reaggregation
experiments with multiple
organs from embryonic
chick

Steinberg introduces the
differential adhesion
hypothesis (DAH) of cell
sorting out

Bissell and colleagues show
that breast epithelia organize
into 3D ducts and ductules when
grown on Engelbreth-Holm-
Swarm tumor ECM extract.
Jennings and colleagues show
similar structures with lung

cells

Lancaster and Knoblich., Science, 2014
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Organoids history

Adult organoids
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In vitro models

Organoid n. Resembling an organ.

This implies:
1. Multiple organ-specific cell types
2. Capable of recapitulating some specific
function of the organ (eg. excretion, filtration,
neural activity, contraction)
3. Grouped together and spatially organized
similar to an organ

Organoid formation recapitulates both major
processes of self-organization during
development: cell sorting out and spatially
restricted lineage commitment
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Lancaster and Knoblich., Science, 2014

Model systems
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Multiplexed models
“on-a-chip”
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Yin et al., Cell Stem Cell, 2016



rCerebral organoid

Microcephaly

Seckel syndrome

Macrocephaly

Autism spectrum disorder

Schizophrenia

Rett syndrome

Sandhoff disease

Miller-Dieker syndrome

Zika virus

Alzheimer disease
kParkinson's disease

QDptic cup organoid

Glaucoma
Leber congenital amaurosis
\X—Iinked retinitis pigmentosa

Liver organoid

Fibrosis

Steatosis

Non-alcoholic fatty liver disease
Alcoholic liver diseases
Hepatitis B

Wolman disease

Alpha-1 Antitrypsin Deficiency
Alagille syndrome

Cystic fibrosis

Coronavirus disease 2019

Pancreatic organoid

Diabetes mellitus
Cystic fibrosis

Organoid application

A

Heydari et al., Bio-Design and Manufacturing, 2021

(i 5
Inner ear organoid

Congenital and early-onset hearing
\ loss (mutation in TMPRSS3)

rSkin organoid

y &

Systemic sclerosis
Inflammatory skin diseases
\Atopic eczema

fHeart organoid

Barth syndrome

Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Acute myocardial infarction
\Duchenne muscular dystrophy

Lung organoid

Influenza

Parainfluenza

Idiopathic pulmonary fibrosis
Cryptosporidium

Respiratory syncytial virus infection

( Kidney organoid

Polycystic kidney disease
Congenital nephrotic syndrome

:
)

Gastric organoid
H. pylori infection

Intestinal & colon organoid

Host-microbe interactions
Cystic fibrosis
Hirschsprung disease
Coronavirus disease 2019
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Parkinson's disease
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* Oxidative stress Very rare Very common

.

Iron and neuromelanin
accumulation
Accumulation of

Genetlcs intracellular a-synuclein Bras et al.,, Cell, 2015

Impaired autophagy Environmental factors

Neuroinflammation

Variant frequency in the general population

Ventral SN neuronal loss
in aging
2 DA neurodegeneration
Environment e

Pang et al., Translational neurodegeneration, 2019
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Multiple hit hypothesis

Neurodevelopmental r \ / y \ /
defect \ } | \ .
40 60% DA neuronal
loss in SNc
. Non motor symptoms
,.f“\l.--,/\‘_ (Depression, Dementia, Sleep
b2 Disorder...)
& Neuronal Death
First “hit”
Mutations in PD associated genes
SNCA
BINKL Motor symptoms
LRRK2 Second “hit” (Bradikynesia, Rigidity,
DJ-1
2=, GBA - Environment Tremor...)
- Brain injury
- Age




PD: Previous models

Animal models

Human post mortem tissue

Human primary cells

a1

Human DANs
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Advantages:

- Whole organism

- 3D environment

- Behavioral testing
- Gene editing

Disadvantages:

- Ethical concerns

- Poor translation to humans
- Low-throughput

=

Advantages:

- Human origin

- Whole brain

- 3D environment
- Patient-specific

Disadvantages:

- Possibly poor tissue quality
- Limited availability

- Model end-stage disease

- tissue confounds of aging
and drug use

- Low-throughput

SeE=

Advantages:

- Human origin

- Patient-specific
- Easily accessible

Disadvantages:

- Cannot model neuron-specific
pathogenesis

- Slow growth, few material

- Hayflick limit

Advantages:

- Human origin

- Patient-specific
- iPSC-derived

- Gene editing

- High-throughput

Disadvantages:

- Immaturity

- 2D environment not
physiological

- Lacks brain cytoarchitecture

- Largely homogeneous cultures
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Cerebral organoids

ARTICLE

Cerebral organoids model human brain
development and microcephaly

d0i:10.1038/nature12517

Madeline A. Lancaster', Magdalena Renner', Carol-Anne Martin?, Daniel Wenzel', Louise S. Bicknell?, Matthew E. Hurles®,
Tessa Homfray*, Josef M. Penninger', Andrew P. Jackson® & Juergen A. Knoblich'

Microcephaly,
autism,...

A. Cerebral organoids
J

B. Region-specific organoids

ZIKV
infection

( .
Human brain J
Lancaster et al., Nature, 2013 \_ EVOl Utlon

Patterning
factors

Patte%
factors

Sidhaye and Knoblich, Cell Death & Differentiation, 2021

* Mostly cortical development
* High batch to batch variability
» Low abundance of mDANSs (0-5%)

Telencephalon

Not suitable to model PD

Waurst and Bally-Cuif, Nat Rev Neurosc, 2001
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Midbrain organoid

O
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Reprogramming

Neuronal
differentiation

OR

Fibroblasts iPSCs mfNPCs hMOs

Induced Pluripotent Stem Cells Midbrain Floorplate Neural Precursors Human Midrain Organoids

Healthy  PD patients
individuals Patient-specific

3D in vitro disease model
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Organoid generation

Stem Cell Reports ISSCR

Report
OPEN ACCESS

Derivation of Human Midbrain-Specific Organoids from Neuroepithelial
Stem Cells

Anna S. Monzel,'-* Lisa M. Smits,'* Kathrin Hemmer,'-* Siham Hachi,? Edinson Lucumi Moreno,”

Thea van Wuellen, ' Javier Jarazo,! Jonas Walter,! Inga Briiggemann, ! Ibrahim Boussaad,” Emanuel Berger,’
Ronan M.T. Fleming,? Silvia Bolognin,! and Jens C. Schwamborn'*

1Developmental and Cellular Biology, Luxembourg Centre for Systems Biomedicine (LCSB), University of Luxembourg, 7, avenue des Hauts-Fourneaux,
4362 Esch-sur-Alzette, Luxembourg

2Systems Biochemistry

*Clinical & Experimental Neuroscience

Luxembourg Centre for Systems Biomedicine (LCSB), University of [ 4362 Esch-sur-Alzette, 1

4Co-first author

*Correspondence: jens.schwamborn@uni.lu

http://dx.doi.org/10.1016/j.stemcr.2017.03.010 Maintenance | Differentiation
hBDNF, hGDNF, hBDNF, hGDNF,

CHIR-99021, PMA, AA db-cAMP,AA, | db-cAMP, AA,
TGFB-3,PMA | TGFB-3
Day0 6 8 10 16

hNESC 3D colony Tissue growth Matrigel droplet Shaking
Maintenance Differentiation Maturation
| 1 1 1 1 1 1 i
I I I I I 1 r===-

Day 0 Day 10 Day 20 Day 30 Day 40 Day 50 Day 60 Day >100

Kl67, SOX2

VidbraSpeee T NEORAZEVIX 1, (EN1, AADC, NURRT)
Glia cells GFAP, S100b

Electrophysiological activity

Myelination
Synaptic connections
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Midbrain organoids

TUBB3 TH DNA

Midbrain identity

MERGED FOXA2 LMX1A

. . . ™,

Astrocytes Oligodendrocytes 2Ry

S100b GFAP S100b GFAP DNA

Monzel et al., Stem Cells Reports, 2017
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Midbrain organoids

Synapses formation Dopamine production and release

SYP PSD95 TUJ1 DNA Dopa THDNA Dopa MAP2
4001 — - M
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[ Matrigel
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Monzel et al., Stem Cells Reports, 2017
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Disease recapitulation

PD key characteristics:
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Loss of dopaminergic Patient 1

neurons
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Patient 2

Patient 3

Patient 4
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Disease recapitulation

Healthy individual

PD key characteristics:

Loss of dopaminergic
neurons

a-synuclein aggregates

DNA / pS129 / a-synuclein

| Z-Stack ”

3xSNCA

a1
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Disease recapifulation

PD key characteristics:

Loss of dopaminergic 40 e * K
neurons 3+
(-]
30- g
& . 8
a-synuclein aggregates 2 gD
2 Z N
=] —
= ©
£
®)
<
Neuroinflammation

WT 3X WT LRRK2
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Validation dato

Collaboration with Prof. Nobutaka Hattori, Juntendo

ARTICLE OPEN an Parkinson’s Disease
Reduced astrocytic reactivity in human brains and midbrain
organoids with PRKN mutations

Masayoshi Kano', Masashi Takanashi ('™, Genko Oyama', Asako Yoritaka?, Taku Hatano (', Kahori Shiba-Fukushima®, Makiko Nagai®,

Kazutoshi Nishiyama®, Kazuko Hasegawa®, Tsuyoshi Inoshita®, Kei-ichi Ishikawa'”, Wado Akamatsu’, Yuzuru Imai'?, Silvia Bolognin®'°,

Jens Christian Schwamborn (*'° and Nobutaka Hattori'™

GFAP Nestin Vimentin
R R T T T A |
i B o LR Control PD Parkin
% £ o _ 1 2 3 1 2 3 1 4
Parkin1 A 50 iy
& e GCFAP s s gimn = S e W
. ¥ R ACHN W — — — g —— —
F i 5 e L
Parkin2 e, 2 : s :'.'. s : i M :
i ' e B —~ 120
RIS . (=]
sine R = 100
e B = 80
: 15 M 8 60
W " ‘ _g 40
£ 20 1
Parkin3 ; 0 m 0

Control PD Parkin

Kano et al., npj Parkinson's Disease, 2020
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Validation data

Kano et al.,

2.0

Tuj1 Pixels
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=
2]

0

npj Parkinson's Disease, 2020
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Collaboration with Prof. Nobutaka Hattori, Juntendo
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Use cases

Disease phenotyping

BRIEF COMMUNICATION OPEN IlpJ ‘Park\nson s Disease

Modeling Parkinson’s disease in midbrain-like organoids

Lisa M. Smits @', Lydi Relnhardt23 Peter Reinhardt>*®, Michael Glatza**, Anna S. Monzel’, Nancy Stanslowsky®,

Marcelo D. Rosato-Siri (5", Alessandra Zanon®, Paul M. Antony', Jessica Bellmann?, Sarah M. Nicklas', Kathrin Hemmer', Xiaobing ang ’
Emanuel Berger’, Norman Kalmbach?, Marc Ehrllch3 Silvia Bolognin', Andrew A. Hicks®, Florian Wegner®, Jared L. Sterneckert>* and
Jens C. Schwamborn ('

Cell and Tissue Research (2020) 382:463-476
https://doi.org/10.1007/500441-020-03249-y

REGULAR ARTICLE

Check for
Single-cell transcriptomics reveals multiple neuronal cell types | updates |

in human midbrain-specific organoids

Lisa M. Smits + Stefano Magni' - Kaoru Kinugawa?
Silvia Bolognin - Jay W. Shin® - Eiichiro Mori?

« Kamil Grzyb'  Joachim Luginbiihl® - Sonia Sabate-Soler" «
« Alexander Skupin'* -+ Jens C. Schwamborn'®

Stem Cell Research 46 (2020) 101870
Contents lsts available at ScienceDirect

Stem Cell Research

ELSEVIER

journal homepage: wwuw.elsevier.com/locate/scr

scientific reports
Reproducible generation of human midbrain organoids for in vitro modeling )

of parkingon’s fisense PINK1 deficiency impairs adult
i:;al‘;elg;xlljshe i‘i‘?éi r‘ls :::ns.zirwy:;d;;;o Bérbara Mendes-Pinheiro™“!, Anna Sophia Monzel", neuro g enes i S of d o) p am i ne rg i C
neurons

Parkinsonism and Related Disorders 75 (2020) 105-109
Contents lists available at ScienceDirect

Paul Anton:
Rejko Kriiger’

Marcus Keatinge®**, Janna Blechman®, Jens C. Schwamborn ©7,

Parkinsonism and Related Disorders 12 Marysia Placzek™*1 & Oliver Bandmann®»3"

ELSEVIER

journal homepage: wwiw.elsevier.com/locate/parkreldis

Short communication

Machine learning-assisted neurotoxicity prediction in human midbrain
organoids

i

Anna S. Monzel"
Philippe Lucare
Rejko Krueger'

thrin Hemmer', Tony Kaoma’, Lisa M. Smits", Silvia Bolognin,
sabel Rosety’, Alise Zagare’, Paul Antony’, Sarah L. Nickels’,
, Francisco Azuaje"™', Jens C. Schwamborn™

AJHG

Midbrain organoids mimic early embryonic
neurodevelopment and recapitulate
LRRK2-p.Gly2019Ser-associated gene expression

ARTICLE

Alise Zagare,!.2 Kyriaki Barmpa,’? Semra Smajic,! Lisa M. Smits,! Kamil Grzyb,! Anne Griinewald,!
Alexander Skupin,! Sarah L. Nickels,"* and Jens C. Schwamborn'*

Sarah J. Brown'%>%3, Ibrahim Boussaad %%, Javier Jarazo”**, Julia C. Fitzgerald®,
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Drug testing

Parkinson’s Disease Phenotypes in Patient Neuronal
Cultures and Brain Organoids Improved by
2-Hydroxypropyl-f-Cyclodextrin Treatment

Javier Jarazo, PhD,"? ® Kyriaki Barmpa, MSc, @ Jennifer Modamio, PhD," @ Claudia Saraiva, PhD,"
Sonia Sabaté-Soler, MSc,' @ Isabel Rosety, MSc,' @ Anne Griesbeck, PhD,? Florian Skwirblies, BSc,®
Gaia Zaffaroni, PhD,* @ Lisa M. Smits, PhD," Jihui Su, BSc,® Jonathan Arias-Fuenzalida, PhD, " Jonas Walter, PhD,"

Gemma Gomez-Giro, PhD," ©® Anna S. Monzel, PhD," @ Xiaobing Qing, PhD," Armelle Vitali, MSc,®

Gerald Cruciani, MSc,®” Ibrahim Boussaad, PhD,®7 ® Francesco Brunelli, PhD,? & Christian Jager, PhD,®

Aleksandar Rakovic, PhD, " @ Wen Li, PhD,® Lin Yuan, PhD,® Emanuel Berger, PhD," Giuseppe Arena, PhD,®

Silvia Bolognin, PhD," & Ronny Schmidt, PhD,? Christoph Schroder, PhD,% @ Paul M.A. Antony, PhD,®

Christine Klein, MD, " ® Rejko Kriiger, MD,%""-"2 @ Philip Seibler, PhD,® and Jens C. Schwamborn, PhD""

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

PARKINSON’S DISEASE

A patient-based model of RNA mis-splicing uncovers
treatment targets in Parkinson’s disease

Ibrahim d'*, Carolin D. O 2%, Zoé Hanss', Dheeraj R. Bobbili', Silvia Bolognin',
Enrico Glaab', Katarzyna Wolynska®, Nicole Weisschuh®, Laura De Conti®, Caroline May®,

Florian Giesert”®°, Dajana Grossmann', Annika Lambert’, Susanne Kirchen', Maria Biryukov',
Lena F. Burbulla'®, Francois Massart', Jill Bohler', Gérald Cruciani', Benjamin Schmid?,

Annerose Kurz-Drexler’, Patrick May', Stefano Duga'"'?, Christine Klein'?, Jens C. Schwamborn',

Katrin Marcus®, Dirk Woitalla', Daniela M. Vogt Weisenhorn”*, Wolfgang Wurst’®15,
1,2,17,18t

Marco Baralle®, Dimitri Krainc'®, Thomas Gasser”', Bernd Wissinger®, Rejko Kriiger

.
(BSOS 15 5xuary 2003 - voL 379 155UE 6628
AVAAAS

ANIMAL RESEARCH

FDA no longer
has to require
animal testing
for new drugs

Agency can rely on
animal-free alternatives
before human trials

19
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Drug development

SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

PARKINSON’S DISEASE

A patient-based model of RNA mis-splicing uncovers Control PD PD+Drugl PD+Drug2
treatment targets in Parkinson’s disease pr— .

Ibrahim Boussaad'*, Carolin D. Obermaier'2*, Zoé Hanss', Dheeraj R. Bobbili', Silvia Bolognin',
Enrico Glaab', Katarzyna Wolyiiska®, Nicole Weisschuh®, Laura De Conti®, Caroline May®,

Florian Giesert”®°, Dajana Grossmann', Annika Lambert', Susanne Kirchen', Maria Biryukov',
Lena F. Burbulla'®, Francois Massart’, Jill Bohler', Gérald Cruciani', Benjamin Schmid?,

Annerose Kurz-Drexler’, Patrick May', Stefano Duga'""'?, Christine Klein'?, Jens C. Schwamborn’,
Katrin Marcus®, Dirk Woitalla'*, Daniela M. Vogt Weisenhorn7'9, Wolfgang Wurst7'8'9"s,

Marco Baralle®, Dimitri Krainc'®, Thomas Gasser”', Bernd Wissinger®, Rejko Kriiger">'7'8t

TH-Tuj1

5.0x106

4.0x10°%+
25 days of treatment with
two drugs rescued the
dopaminergic neuron loss
in organoids derived from a
PD patient 0-

3.0x 108+

2.0x 108+

1.0x 108+

Dopaminergic neurons

o&
oﬁ
X

Q

N
&‘o QO
00

q\
&
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Boussad et al., Science Translational Medicine, 2020
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SARS-CoV-2 infection
| Hoechst | SARS-CoV-2 | TH | sARs-Cov-2+ TH + Hoechst |
¥
§
:
g
=
3
2
B
Hoechst SARS-CoV-2 TH SARS-Cov-2 + TH + Hoechst|

. g

| Hoechst | SARS-CoV-2 | TH |SARS»CO\/»2 +TH + Hoechstl

Region 1
Region 1

Region 2
Region 2

Jarazo et al., biorxiv, 2023
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Use cases

SARS-CoV-2 infection

OF HEALTH

RESEARCH DEDICATED TO LIFE

I— LUXEMBOURG
INSTITUTE

a1

| Hoechst

[ SARS-CoV-2

TH

SARS-CoV-2 + TH + Hoechst

[ SARs-Cov-2 + TH + Hoechst |

SARS-CoV-2 - 4 dpi

Region 2 ] | Region 1

| SarsCov-2 + TH + Hoechst

SARS-CoV-2 - 28 dpi

Region 1

Region 2

Jarazo et al., biorxiv, 2023
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Use cases
Collaboration with: m

Klinikum rechts der Isar
Technische Universitat Munchen

Clinical trial for treatment of PD patients with Fasudil.

OrganoTherapeutics will generate brain organoids from 25 patients & treat with Fasudil.

Correlation of clinical data with brain organoid data.

!

Decision support for treatment options.
Entry into true personalized medicine for PD.
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Use cases

European
Innovation
Council

BodyTox

888 Kokultur

NO INFORMATION DIRECTLY
TRANSLATABLE TO INDIVIDUALS

# Electrodes

STUDYING INDIVIDUAL SLEEP
BEFORE NAP

Basal

# Electrodes

S E BRAIN TWINS
same cells, same genetic makeup

Leber und Ni roid fiir Hepato- und dzitat (01 und 02)

iPSC — Neurosphére

INFORMATION In Hydrogeleinbettung
ABOUT SLEEP o :
HEALTH
WARNING PD . = - | (¢
Yy Kampfstoff =y .
ENfIRY uberhej pr1 [ L — HlieBbare Cavitit
Aﬁ ( uftgrenzschicht =
"\i
RESCALED SLEEP / —
HABITS VerschlieRbare Cavitéit
NAP ENVISION ED Haut Kokulturmodell mit Luftgrenzschicht (ALI) .
TECHNOLOGY Gas-dichte
Mikropumpen fir
CCH Zirkulationskreislauf

Z1und 722

‘Transwell zum Anstecken an den Chip

0 Time [sec]

150

DT Organo
Therapeutics
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Model improvement

Human pluripotent stem cell

J

Ectoderm Mesoderm Endoderm Extraembryonic
1 membranes
AN TN Y
& O & O e
N & Gy @ N bsnd
Eye Brain Kidney  Cardiac Pancreatic Liver Lung Intestinal Placenta
organoid organoid organoid organoid organoid  organoid organoid organoid organoid

Cerebral Choroid
organoid plexus
organoid

Airway  Alveolar
organoid organoid

Han et al., Nature Methods, 2022

microglial progenitors
migrate from the yolk sac
to the embryo and surround
neuroepithelium

N

yolk sac

E9

microglia enter
neuroepithelium
and associate
with blood
vessels

Arnold and Betsholtz., Vascular Cell, 2013
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Microglia incorporation

Received: 21 January 2022 Revised: 25 February 2022 Accepted: 28 February 2022 GLIA ( o

DOI: 10.1002/glia.24167

WILEY
RESEARCH ARTICLE

Microglia integration into human midbrain organoids leads
to increased neuronal maturation and functionality

Sonia Sabate-Soler' ® | Sarah Louise Nickels' ©® | Claudia Saraival® |
Emanuel Berger® | Ugne Dubonyte® | Kyriaki Barmpa® | YanJunLan?® |
Tsukasa Kouno? | Javier Jarazo'* | Graham Robertson® | Jafar Sharif> |

Haruhiko Koseki? | Christian Thome® | Jay W.Shin? | Sally A. Cowley®® |
Jens C. Schwamborn?

- Co-culture approach

Seeding in low-attachment plate i i i
— NESCs 8 P Cell aggregation Organoid formation

2 3 4 5 6 7T 8 9 0 U w2

1 — e —
= > gsasessssss o | o =
j \\k\:z\:/fﬁ/// : \\“\ - //

Co-culture and 3D microglia differentiation

Macrophage precursor derivation

DT Organo
Therapeutics
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Microglia incorporation

Microglial functions

Antigen presentation Self-renewal

Cytokine and chemokine
production

09
89“’ 090

Trophic support
for remyelination

@

Blood-Brain Barrier
Permeability

Amor et al., Acta Neuropathologica, 2022
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Concentration (pg/mL)

Concentration (pg/mL)
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Vasculature incorporatfion

T
i

Ectoderm

i

LETTER

https://doi.org/10.1038/s41586-018-0858-8

Human blood vessel organoids as a model of diabetic
vasculopathy

°
Q
Q
Q
(] Reiner A. Wimmer'*, Alexandra Leopoldi', Martin Aichinger?, Nikolaus Wick?, Brigitte Hantusch?, Maria Novatchkoval,
Jasmin Taubenschmid', Monika Himmerle?, Christopher Esk!, Joshua A. Bagley', Dominik Lindenhofer!, Guibin Chen*,
\ Manfred Boehm*, Chukwuma A. Agu', Fengtang Yang®, Beiyuan Fu®, Johannes Zuber?, Juergen A. Knoblich!,
Dontscho Kerjaschki® & Josef M. Penninger!®*

Pre-somitic mesoderm

Neural tube o~ Notochord

© Angioblast VEGF-A f-[\ Growing vasculature

Paguera et al., Curr. Op. Neurobiology, 2021
o P 9 Embedding of

midbrain organoids (controls)

Midbrain -
Development: organoid ‘/ @ \/
+  Endothelial cell precursors from the somites (angioblasts’ @ s, O T
establish the peri-neural vascular plexus (PNVP). | Coembeddngof <= = - - > | Daysoor
*  Cells form the PNVP follow proangiogenic molecular Vascular midbrain and vascular organoids differentiation
queues, malnly VEGF-A o organoid \3dave _ n 4 / —~
* Endothelial cells will form close contacts via tight and - :
adherens junctions, forming the BBB. .
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Vasculature incorporation
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Vasculature incorporation
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Assembloids

Generating assembloids

Brain region-specific organoids are generated from human pluripotent stem (hPS) cells and can be assembled
with other cell types (multilineage assembloids), with other organoids (multiregion assembloids), or with
morphogens or organizer-like cells (polarized assembloids). Brain organoids and assembloids can be used to
model complex cell-cell interactions and neural circuit formation in the human nervous system.

hPS cells

Directed 2D differentiation +QOrganizers
@ Region-specific organoid differentiation 1

Directed 3D

differentiation |~ /\\ | i Dorslal V(]ntral
||| forebrain forebrain
% m @D Wil organoid organoid
]
Microglia Pericytes Endothelial
cells

Polarized assembloid

+3D assembly

. +3D assembl
Neuroimmune AN y
interactions ( Brain region—specific organoid ~ —2
. Long:hnce projectio
& Neurovascular interactions — Interneuron
migration

Multilineage
assembloid

Pasca, Science, 2019
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Midbrain-Striatum assembloid

Embedding in
Geltrex

D4 Static culture

StrO D35 J ;
h|PSCs €
Co-culture ':
e \J\ it
MO D20 JJ \ ,,,,,,,,

hNESCs

.

Non-embedded
D4 Static culture

FOXA2 [ GFP | GFP I ASCLT || GFP/ASCL1/Hoechst

CTIP2 || FOXA2/GFP/CTIP2/Hoechst

GFP | CORIN || GFP/CORIN/Hoechst

100 pm § stro0 100 um J stro

Barmpa et al., biorxiv, 2023
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Midbrain-Striatum assembloid

Retrograde monosynaptic tracing

RBV GFP RBV/GFP

LV-GP-TVA-GFP

StrO

>

RBV-AG-EnvA-RFP

MO side of Assembloid

StrO  MO+GFP

9

Midbrain projections and
retrograde labelling

‘ 20-30 days
StrO ¥ MO+GFP

StrO side of Assembloid

Barmpa et al., biorxiv, 2023
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AQing

Oxidative stress

Iron and neuromelanin
accumulation
Accumulation of
intracellular a-synuclein
Impaired autophagy
Neuroinflammation

.

Environmental factors
Genetic factors

Ventral SN neuronal loss
in aging

DA neurodegeneration
in PD

Pang et al., Translational neurodegeneration, 2019

Molecular changes in DA neurons

TN

@ @&%
o 6
s 2
A

Decreased turnover
of mitochondria

a-synuclein
monomer

Increase in
a-synuclein levels

AGING

A
]

Proteasome
inhibition

an &

Autophagy inhibition

misfolded
Lipofuscin/neuromelanin a-synuclein

deposition

Bobela et al., Biomolecules, 2015

Progerin Construct

hiPSCs
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Progerin

Co-culture

hNESCs MO D20
Progerin

hPROGERIN

Embedding in
Geltrex

o
&
P>y

/- DOX

Non-embedded
D4

Barmpa et al., biorxiv, 2023
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hiPSCs + Progerin
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Static culture
Aged

Static culture
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Summary

« Development of organoid model for most organs and several
diseases

« Midbrain specific organoids can be used for Parkinson’s disease
phenotyping and drug development

* Increasing the complexity of the organoids improves the
recapitulation of normal physiology
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