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How did we get to human organoids?
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Tissue sources for Organoid

INntro d u Ctl on organoids cultured in vitro

Lung
organoids
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An organoid is a "mini-organ” that is
generated in vitro with the_ ability to e brule |
self-renew and self-organize and | stem cells Bralpd

. .. S g oranoids
performs organ functions similar to =

those of the tissue of origin.
Kidney

organoids

Organoids mimic organ of origin:

* Cells exhibit spatially restricted lineage
commitment.

Intestinal
organoids

Stomach

« Contain more than one cell type. Induced organoids

pluripotent stem
cells

‘ S @ Liver
@g ‘(=‘~ organoids

« Can recapitulate organ-specific functions.
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Adult Stem Cell-Derived Organoids

Adult stem cell- or tissue-derived organoids are generated from
biopsies or surgical resections from patient donors.

Retain tissue-specific phenotypes and functions.

Preserve disease-related pathologies.

Can be indefinitely propagated and maintain normal karyotype.
Highly reproducible.

Easy to scale and culture in multiple conformations.

ASC derived
organoid culture

Tissue biopsy

Single cells

3D culture

Differentiation
and expansion

Mature
organoid




IPSC-Derived Organoids

organoid

’ Pancreatic
RSPO1, EGF, - organoid
FGF10

FGF4, WNT3a, Stomach

organoid

IPSC organoids are generated from established

embryonic cell lines or reprogrammed from patient e G d oanow
somatic cells. A |
Thyroid
Definitive organoid
endoderm
More complex cultures than ASC organoids. S intestina

organoid

Can model any gastrulation layer.

Preserve patient genotypes. 9 - N

Pluripotent BMP4, IWP4 Cardiac
Mesoderm ( 2
stem cells organoid

Used to model human organ development due to
fetal-like transcriptome.

FGF1, PAXS, Retinal
organoid

Increased maturation and cell types can occur o
. . a Cerebellar
when engrafted into animal models. gl organoid

Ectoderm/ Hippocampal
Neuroectoderm organoid




How do organoids compare to other models?

Ease of establishing system
Ease of maintenance

Recapitulation of
developmental biology

Duration of experiments
Genetic manipulation
Genome-wide screening
Physiological complexity
Relative cost

Recapitulation of human
physiology

' AN AN Human
D. melanogaster D. rerio M. musculus PDX organoids

/X v v
v
X v X
v v v v v v
v X v
v X X
X v v v
v v v

v v

v/ Best Good Partly suitable X Not suitable




Studying human diseases with organoids

Cerebral organoid

Microcephaly

Seckel syndrome
Macrocephaly

Autism spectrum disorder
Schizophrenia

Rett syndrome
Sandhoff disease
Miller-Dieker syndrome
Zika virus

Alzheimer disease
Parkinson's disease

(c .
Inner ear organoid

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

(Skin organoid

Systemic sclerosis
Inflammatory skin diseases

Optic cup organoid

Glaucoma
Leber congenital amaurosis
X-linked 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

\Atopic eczema

Heart 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




Modeling Organoids
to Study IBD

Patient-derived organoids (A) can be
used to obtain in-depth profiles of the
epithelial genetic/epigenetic disease-
related background or the effect of
engineered genetic mutations (Panel 1).

“Omics” approaches can be applied to
interrogate the effects persistent
exposure to pro-inflammatory signals in
IBD perpetuation (Panel 4).

2D organoid monolayers used to study
the effects of the direct or indirect (e.qg.
secreted mediators) interactions of the
epithelium with the microbiota (B) and LP
cells (C) during the different stages of
IBD pathophysiology (Panels 2, 3, and 4)

Lamina
propria

M. Genetic/epigenetic 2. Mucosal injury

background

A. Genetic and epigenetic alterations

2 )< Gene editing
™ (CRISPR/Cas9, TALENS, ZFNs)

- mRNA profiling

- Methylation profiling
- Mass spectrometry
- Live imaging

C. Epithelium-LP interactions

\ Mesenc hymal/
@ \ Immune cells
1 adipocytes
o b J

Co-culture

3. Wound repair 4. Perpetuation

B. Epithelium-microbiota interactions
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Addition to 2D culture Addition to 3D culture

PA . .
il Non-IBD epithelial cell <= Mesenchymal cell

Q IBD epithelial cell #~ Microbiota

%’ Lymphocytes & Bacterial metabolites

i a Monocyte/Macrophage # Pro-inflammatory LP mediators |

‘ #” Neutrophils & Repair-associated LP mediators \



Human Organoids to Study Obesity/T2DM
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Precision Medicine for Cystic Fibrosis
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Experimental design of prime editing-
mediated repair of CFTR mutations in
human intestinal organoids.
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Strategy to study carcinogenesis in
patient-derived organoids

« Cancer organoids can be derived from patients
with diverse cancer grades and subtypes.

« Patient-derived organoids can possess patient-
specific genetic and epigenetic contexts for
preclinical cancer research and theranostics.

« Normal organoids can be used to model cancer
evolution after the introduction of oncogenic
mutations.

Normal tissue

o

« Tumor cell behaviors can be monitored by time- 4
Iapse mlcroscoplc Imaglng- Genome profiling Transcriptorr;;proﬁling

3 Ed e
! e = = g
Biobank i |
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« Cancer organoid lines can be expanded and _ e
cryopreserved to establish a biobank (= Reaktime racking Histopathology

Basic research applications




Current methods of cancer organoid derivation
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Cranial window

Biologically inspired approaches to
enhance human organoid complexity

injection
after injury
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Microphysiological Systems:
Organs-on-a-chip

SARS-CoV-2 & =i
0 w2 '-'I'.'l
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Multi-omics analysis

Stem cell organoids
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Multi-organs on a chip On-chip biosensors
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Artificial intelligence
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transmission Drug / Vaccine testing

Systemic pathology Personalized medicine
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Organoid Engraftment/
Transplantation

Intestinal biopsy Humanugirtganmd

Patient

Primary enteric
neurospheres

Epithelial organoid

Epithelial/mesenchymal
organoid (HIOs etc.)
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Biodegradeable \/ n T
scaffold /
Epithelium
Supporting
mesenchyme

In vitro maturation

—

Mature intestine in a dish (matrix engineering,
decellularization/recellularization etc.)

In vivo maturation

' Maturation

e /
Ly

Implantation with scaffold (TESI etc.)

Epithelial
organoid

7 Maturation

Injured
intestine

Transplantation onto native intestine

Insertion
by anastomosis

Repair/replacement
of epithelium




“The VUMC Organoid Factory”

Medical Center North, Room CC-2311
Light Surgical Research & Training Lab
Biosafety Level 2 Facility

Normal and disease organoids

Organoid biorepository (11,000+ lines)

Multi-omic

@9 —| = — analysis

i i Healthy biopsy
Sorting
» N ——>

2 =

Tissues isolated Disease biopsy
from patients

Drug screening

Gene editing

Organoid biobank

Developing personalized medicine

e

Storage/
Lab Bench

centrifuge




Omic Profiling

“The VUMC Organoid Factory”
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research programs. . 00 o0 | Organcids
Prog i i .
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* Increase translational research opportunities for |

surgical residents/fellows and faculty.

« Combine multi-omics and advanced imaging
approaches to develop novel protocols to culture

Patient derived
. organoids

|

- O
organoids from understudied cancers. N 5» - ‘.'» fM\
= Organoids wit Mirror N
) | I
« Develop comprehensive organoid biobank to include .
clinical metadata, pathology, and blood/tissue ®s
specimens. e Drug Safety

, i

e :J,Ci‘i&"
Personalized Hepato-
Medicine Approach toxicity
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