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OVERVIEW HUMAN PLURIPOTENT STEM CELL CULTURES
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The CompIeX|ty of the Human Braln

» Billions of cells
» Decades to develop

» Highly Vulnerable

[ ° R ! p",//’\/f \‘ : ) 2 >

» Mutations in thousands of ZLL /94 &SPAST
genes can impair = W= s
neurodevelopment

https://due.com/decoding-the-human-brain-body-complexity/
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Limitations in Studying the
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Indirect Measurements Low Resolut
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Limited
Predictivity of
Animal Models

* Species specific genetics

° Do not fully recapitulate disease
complexity

* Shorter lifespans

* Reduced brain size and
complexity

* Lack of diversity
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Human Pluripotent Stem Cells — A Revolution

fibroblasts

hESC \_/ Patient
specific ©

's‘ Induced Pluripotent
James Thomson ~ Sem Calls (PSC) . | . Shinya Yamanaka
| Inner cell mass 7o o 2012 Nobel Prize
| ST

Human
Embryonic
Stem Cells °
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Two-Dimensional hiPSC-Derived Neural Cultures

Induced Pluripotent
Stem Cells (iPSC)

Limitations of 2D cultures

Neuronal
Progenito@

/ Lack of tissue complexity \
Incomplete cellular maturation
Homogeneity of cell populations

Inability to model tissue biomechanics
Artifact-prone experimental conditions
Limited lifespan (weeks) /

N
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Miniaturizing the Brain Cortex in a Dish

Cell Stem Cell

Dr. Sasai’s Lab 2008

Self-Organized Formation of Polarized
Cortical Tissues from ESCs and Its Active
Manipulation by Extrinsic Signals

Mototsugu Eiraku,! Kiichi Watanabe,” Mami Matsuo-Takasaki,' Masako Kawada,' Shigenobu Yonemura,?
Michiru Matsumura,’ Takafumi Wataya,! Ayaka Nishiyama,' Keiko Muguruma,! and Yoshiki Sasai'-*
'Organogenesis and Neurogenesis Group

2Electron Microscope Laboratory

RIKEN Center for Developmental Biology, Kobe 650-0047, Japan

*Correspondence: yoshikisasai@cdb.riken.jp

DOI 10.1016/j.stem.2008.09.002

hiPSC cortical brain

organoids
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3D-Neural Organoids: Current Strategies

Unguided \/ Guided

differentiation hESC or hiPSC differentiation
A (SMADi; TGF-Bi)
Insulin
FGF2
WNTi I WNT l FGF19
SHH SDF1

Acharya et al., 2023
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Whole cerebral Forebrain Midbrain
organoid organoid organoid

Cerebellum
organoid
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The Muotri Lab Cortical Organoid Recipe
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Meet the Muotri Lab Cortical Brain Organoids

# & Rare Bootcamp™
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Tracking Network Maturation

2 Months 4 Months 6 Months

Predicted organoid developmental time

35
s from neonate regression model
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Limitations of 3D-Neural Organoids

Recapitulate pre-natal features
Reduced cytoarchitecture complexity
High inter-organoid variability

No blood brain barrier

Missing systemic contribution

>40 neurological disorders modeled

# & Rare Bootcamp™



Increasing Complexity In Vitro

Neural organoids Neural assembloids Disease models

DIFFERENT BRAIN REGIONS ASSEMBLOIDS Subpllal el

forebrain) organoid

@ Migration assembloids Migration defects

Forebrain assembloids Timothy syndrome
Abnormal interneuron migration

Region-specific organoid Vascularized
organoids

Thalamic
organoid

(spatial heterogeneity)

Glioblastoma-cortical Cancer invasion
Cortical (pallial/dorsal assembloids Tumor cell metastasis
forebrain) organoid ‘ -

Thalamus

Hypothalamus Midbrain

Striatal
organoid Projection assembloids Connectivity defects
H l n d = Cortico-thalamic assembloids CACNA1G-related disease
Abnormal neural activity
brain
Cortex
Spinal cord
o> organoid
( Q 22q13.3 deletion syndrome
2\ Reduced network synchronization
. Dy
Choroid Spinal @
Muscle
plexus cord organod

\ SMA and ALS
/ . Degeneration of neuromuscular circuitry
= .-

Glioblastoma
organoid
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Miniaturizing Other Organs in a Dish

ORGANOID_ = a0

o "

s

Aguirre Lab 2023 Freedman Lab 2024 https://www.drugtargetreview.com
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Fabian Lab 2021
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EXAMPLES DISEASE MODELING/THERAPIES
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Identifying Disease Phenotypes

Single Cell -omics
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CRISPR — A Revolutionary Tool to Edit Genomes

CRISPR-editing

<

4

Introduce -~ ¥ <
. . Y =
genetic varjant 424 3P, 5
§
Remove
Defective Gene
Healthy Donors Affected Donors

Emmanuelle Charpentier
&
Jennifer Doudna
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Personalizing Therapies

& Small molecules
-

Genome
H ﬁ Editing

Affected
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Autism in Two Dimensions

CDKL5 syndrome

Fragile X syndrome NRXN1

Rett syndrome
ERP44 SHANK?2

Neuronal
rogenito@

Angelman syndrome

Timothy syndrome CHD8 mutations
NLGN4

15g11-q13 syndrome
Phelan Mc Dermon syndrome

KLEEFSTRA SYNDROME

##+ Rare Bootcamp” Co-cultures TRP6 mutations



Rett Syndrome in Two Dimensions
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2D Cells as Platforms for Phenotypic Screenings

e.g., Inflammation High content imaging (e.g., Multi-electrode arrays (e.g.,
number of synapses) Neuronal Activity)

# & Rare Bootcamp™ 24



Modeling Pitt-Hopkins Syndrome (PTHS)

Lower TCF4  Smaller Organoids

= 2022 e $ 1000- > 2, ontrol __Pitt-Hopkins
’ _ i / L
S .E 1.0 : 800 e N .,g“;f =
———— OpEN § . g 600-
Transcription Factor 4 loss-of-function is 5 0.5 V) 400-
associated with deficits in progenitor proliferation o 200-
and cortical neuron content 0.04

Fabio Papes'2313®  Antonio P. Camargo® "#512, Janaina S. de Souza® 22, Vinicius M. A. Carvalho"2412, CTL PTHS CTL PTHS
Ryan A. Szeto® 2'2, Erin LaMontagne ® 212, José R. Teixeira® "4, Simoni H. Avansini® 26, .

Sandra M. Sanchez-Sanchez2, Thiago S. Nakahara® "4, Carolina N. Santo® 34, Wei Wu® 2, Hang Yao?,
Barbara M. P. Aralijo', Paulo E. N. F. Velho® &, Gabriel G. Haddad?78 & Alysson R. Muotri @ 2891011135

Reduced proliferation
Impaired differentiation

Phenotypes Recapitulated in
post-mortem Pitt-Hopkins

. . Control
Rare genetic condition

Developmental delay

Wide nasal Thin lateral eyabrows
bridge . ore
o fasal Thickened helix Intellegtual disability
Al Wide nasal tip Impaired speech
1ae mou .
full lips Motor issues

Epilepsy Pitt-Hopkins

- Zollino et al., 2019
# & Rare Bootcamp™
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Assessing Therapies in Pitt-Hopkins Organoids
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Why Establish hiPSC-Derived Disease Models?

FDA Modernization Act 2.0 (2022): This bill allows an application for market
approval for a new drug to use alternatives to animal testing including cell-
based assays.

A platform to study disease and biology
Recapitulate disease phenotypes
High-throughput screenings: drug candidates/toxicity
Amenable to genetic engineering
Personalized medicine: Tailored therapies
Reduced immunogenicity
Unlimited cells source
Minimum ethical concerns
Cell replacement therapies
Regenerative medicine

# £° Rare Bootcamp”™



How To Establish hiPSC-Derived Models?

Recruit several probands with different mutations
Obtain consent
Perform biopsies — bank fibroblasts
Reprogram fibroblasts to hiPSC: 2-3 different clones/mutation
CRISPR-engineered mutation correction
CRISPR-introduce mutation in control cells
Deposit cells in cell repositories
Fund a stem-cell based labs to establish model to find phenotypes
Fund labs experts in high throughput phenotypic screening
Fund labs experts in therapeutic development/testing: AAV, ASOs

# £° Rare Bootcamp”™



Cost & Timeline to Establish Disease Models

S150K Foundation S150K Foundation S150K Muotri Lab $1-1.5M RO1/CIRM >S4M
S150K Muotri Lab S150K Muotri Lab CIRM/Company
Generate iPSCs/QC Complex experiments Mechanism Confirmatory Pre-clinical
Expand/Bank Phenotype Proof-of-concept Publication Therapies
Organoids QC/phenotype  Grant Application Grant Application Grant Application IND
""""" a $500 to culture 1 patient-skin fibroblasts I

$10-20K to reprogram, QC, and establish one iPSC line
S15K to differentiate one iPSC line
$20K CRISPR-editing/line
\+ SALARIES (25-50%) technician/(100%) postdoc or grad student/

# & Rare Bootcamp™ 30
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Modeling CDKL5 Deficiency Disorder (CDD)

Molecular Psychiatry
https://doi.org/10.1038/541380-021-01104-2 2 0 2 1

ARTICLE
®™

Altered network and rescue of human neurons derived from
individuals with early-onset genetic epilepsy

NPCs Neurons
Priscilla D. Negraes ' - Cleber A. Trujillo®" - Nam-Kyung Yu? - Wei Wu' - Hang Yao' - Nicholas Liang ' - 3 Y A . 3
Jonathan D. Lautz>* - Ellius Kwok' - Daniel McClatchy (5 - Jolene Diedrich? - Salvador Martinez de Bartolome 52 - ~ £ __J )
Justin Truong - Ryan Szeto(®' - Timothy Tran' - Roberto H. Herai® - Stephen E. P. Smith®** - LJ ¢ Py X {
Gabriel G. Haddad'® - John R. Yates 3rd (»? - Alysson R. Muotrj©'"® - W™ S = ¥
V el o A A ‘-4;
6. 2 j Cell viability and proliferation Proteomics and network formation
iPSCs
\ Cortical organoids HT drug screening
. 8 Y
¢ et
J* J > ! € a
- - Q. .
Transplantation of NPC : ' ) 4
T A—— Proteomics and network formation Rescue of functional network

-linked
Rare Genetic Conditiol
Developmental delay
Motor dysfunction
Early-onset seizures
Impaired cognition
Impaired Speech

Modified from Fehr et al., 2013
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CDKL5 Deficiency: Neuronal In Vitro Dysfunctions
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Discovery Lead Optimization Safety & Efficacy Clinical Trials
phenotypic "
screening Ly
g J—

| personalized
| medicine

Dose h|t to lead

f’\

t-SNE2

[f I.=DA approvals ]

in vitro trials

After Dr. Freedman’s presentation
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Enhancing Maturity by Increasing Complexity

Vascularized
organoids
A N\
microglia
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In vivo transplantation
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https://www.nature.com/articles/d41586-022-02073-4
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Autism: A Complex
Genetic Landscape




Show this slide as a summary of what the cell types are

Have a slide showing increasing complexity. Inspired by Dasa’s talk

Monolayer = co-cultures = spheroid --> organoids = assembloids

# £° Rare Bootcamp”™
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2D Cells as Platforms for Phenotypic Screenings

e.g., Inflammation High content imaging (e.g., Multi-electrode arrays
number of synapses) (e.g.,Neuronal Activity)

# & Rare Bootcamp™ 39



Connecting Organs — Organoids-on-chip

#£° Rare Bootcamp™
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