New ways to study human nutritional homeostasis using organoids
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Humans: the new model system
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Control of nutrient homeostasis
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Directed differentiation for generating human organoids
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Nutrient transport, hormones, acid secretion

Pancreas
Zhang et al.,
Dev Cell 2019

Fundic Organoids
McCracken et al.,
Nature 2017

Antral organoids
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Intestinal Organoids
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Nature 2010

Colonic Organoids
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» EEC deficiency causes malabsorptive
diarrhea in mice and humans

» Patients require IV nutrition for survival

» Organoids phenocopy patients

» Use organoids to identify hormones
that restore macronutrient absorption

Drug discovery platforms
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Enteroendocrine cells control macronutrient absorption
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Preclinical testing of PYY as a treatment for severe malabsorption
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Exogenous PYY rescues mutant mice from malabsorptive diarrhea
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Exogenous PYY rescues mutant mice from malabsorptive diarrhea
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Modeling nutrient homeostasis using a microfluidic system
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Modeling organ physiology on 36-pillar/perfusion plates
m Human Pluripotent Stem Cells
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Testing T2D drugs on Pillar/Perfusion plate

GLP1 augments insulin secretion
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Village in a dish: diverse responses to nutrients and therapeutics

Ted Denson
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Slide adapted from Taka Takebe
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‘ End-to-End Stem Cell Research ‘
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« Patient recruitment and sample collection

« Consenting allows for genome sequencing,
sharing and commercialization

» Barcode linked to patient’s clinical data

» Generation of pluripotent stem cell lines

» Extensive quality control

CuSTOM Biobank: Modeling nutrient homeostasis and disease
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e CuSTOM 2020 control biobank
* 450 consented donors
» 300 collected blood samples
» 135 stem cell lines generated
» Disease banks for IBD, Diabetes, Malabsorption,
Liver Disease (MASH/MAFLD)
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Human organoids for modeling nutrient homeostasis
Population studies Disease modeling Cell formation/function
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PIuripotenF_ Stem Cell Facility

pscf@cchmc.org

iPSC generation: & =5 cincinnati ,

* PBMOCs, fibroblasts... "Chlldren S
* Integration-free reprogramming

e Ethnically-diverse control iPSCs

iPSC gene editing:

* INDELS

* Single base changes

* Affinity tag knockin

* Reporter knockin

* Inducible overexpression
hPSC QC and authentication:

* Identity analysis

* Genetic stability

* Stemness marker expression
* Functional pluripotency
Hands-on training:

e hPSC culture techniques

* Gl organoid generation
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Meal ingestion

Nutrient homeostasis and T2 diabetes

T2D pathologies
Hormone response

Fatty liver disease
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Insulin resistance
Insulin secretion
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T2D therapy
Bariatric surgery

18

7/17/2025



