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What organoids are?
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What organoids matter?
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Organoids provide experimental access to biology development in a system

that is more realistic than 2D culture and more tractable than in vitro studies



why fidelity matters

Why organoids matter
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Why fidelity matters

biological relevance
interpretability

translational value

Organoids are increasingly used to study development, disease, and therapy,

their value depends on how faithfully they recapitulate real tissues



A framework for thinking about fidelity

What does it mean for an organoid to resemble a real organ?

Cell identity Tissue architecture Developmental dynamics Regulatory programs

cell types and states tissue organization and polarity morphogenesis over time signaling and gene networks



From endpoint profiling to developmental process

What most studies capture
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What this study captures
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Study overview

Article

organoid development

Morphodynamics of human early brain

»Published in Nature in 2025

»Focus: early human brain organoid
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“What we aim to get when we make organoids, and
what we actually get, are not usually the same.
Without the atlas, it's more challenging to interpret
the data from a single organoid protocol.”

Barbara Treutlein, ETH-Professor of Quantiative Developmental Biology at D-BSSE.



The development of brain organoids

a Invivo

WO UL | PUE LOTEOUSUEEHE [EUCnay

aEauBlioman

ANINDD PUE JUBLLISE] B508UAS

unpejRinay

o2 B RSN

LBy

Nesital Niesural
ectoderm plate border
Netochord e
Mon-nizurel
ectoderm —
Mesodarm
Endodarm.
[ 4
4 pow
Mewral tube
Migrating
naural crest

8 pow
Early gestation

12 pew
Mid-gestation

Late gestation f

Adutt

v

lidbrain  Hindbrain

—_—

Duencephalan
Telencephalon

WNT/BMP

b Invitro

:I":?Ew

i F— ::::::l-::ll E50s

Somatic cells

Aggregation

TGFR
BMP Donaor/patient
WHT x

Emkryoid bodies

Guiced Minimzally guided

differantistion differentistion

Region-specific Cerabral

brain organcids organsids
Cortical Ratina

]

Midbrain Hindbrain/
spinal cord

EE; AN &
B /J\Bdi; FhBd;
/B EM

cortex like—structure.

human organoid with IF staining

Lumen

LR E B HIMAIIR R,
KURPHRE/IMEE=RE

Neuroepithelium

E%t lumen HEFIARLEE AR

Polarity

MBI AR AOBRERRI A SM TS 1) /R 1



Organoids show reproducible morphogenesis
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» Unguided human iPSC-derived brain organoids
» Sparse mosaic fluorescent labeling

» Long-term live light-sheet imaging



Organoids show reproducible morphogenesis
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»Brain organoids undergo organized and trackable morphogenesis,

including continuous lumen formation, fusion, and tissue remodeling over time



scRNA-seq reveals ECM-related programs
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» Pseudotime analysis reveals a transition from early neuroectoderm-like to neuroepithelial states
» Along this trajectory, ECM-related programs, including basement membrane and collagen-

associated genes, become upregulated



ECM shapes cell morphology and tissue organization
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»Extrinsic ECM actively shapes brain organoid morphogenesis, and show more coordinated tissue

flow, earlier cell elongation, and stronger alignment perpendicular to the organoid surface



ECM also reshapes regional patterning and cell identity
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»Extrinsic ECM biases organoid development toward more rostral, telencephalic identities (B /i ix)



Organoid development is shaped by signaling pathways
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YAP1-mediated WLS activation
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»Matrix—dependent morphogenesis and regional patterning are linked to a YAP1-WLS axis



What organoids still do not fully capture

Level

Cell identity

Tissue architecture

Developmental dynamics

Regulatory programs

Overall conclusion

What organoids recapitulate Current limitations

Major neural cell states and regional

orogenitors can be generated Cell diversity is still incomplete

Architecture is simplified and condition—

lumen formation, and polarity can emerge dependent

Early morphogenesis can be tracked and

Later developmental stages remain limited
reconstructed

Some matrix-responsive pathways can be

modeled Full in vivo regulatory complexity is not captured

Organoids faithfully model key layers of early They do not yet fully reproduce mature organs
organogenesis in vivo



till do not fully capture

* Poor repeatability
« Lack of complex cell types and interactions
« Lack of a complex vascular system
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Organoids as an intermediate model system
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Organoids do not fully reproduce real organs, but they
faithfully model selected layers of early organogenesis
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