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Modeling Immune-NSCs interactions

Insights Into the Molecular Pathogenesis
of Progression in Multiple Sclerosis

Potential Implications for Future Therapies
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Unmet Needs in MS:
Regeneration and repair of organ damage

* Neurodegeneration
* Neural progenitor dysfunction
* Remyelination

» Alteration Local glial
microenvironment

* Repair failure
» Lack of axonal regeneration
* Role of Microgliain repair
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Modeling Immune-NSCs interactions

Neural Stem/Progenitor Cells Express Costimulatory
Molecules That Are Differentially Regulated by
Inflammatory and Apoptotic Stimuli
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Directed migration of neural stem cells to sites of
CNS injury by the stromal cell-derived factor 1a/CXC
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Modeling Immune-NSCs interactions
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Persistent activation of microglia is associated
with neuronal dysfunction of callosal projecting
pathways and muiltiple sclerosis-like lesions in
relapsing —remitting experimental autoimmune
encephalomyelitis
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Persistent inflammation alters the function of the
endogenous brain stem cell compartment
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Modeling Immune-NSCs interactions
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Reversible Neural Stem Cell Niche
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Multiple Sclerogi

THE OH10 STATE UNIVERSITY

Stine Rasmussen, PhD,"? Jaime Imitala, MD,’ Ang




Repair Dysfunction in Multiple Sclerosis
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Personalized Models of Progressive MS
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The (BIG) Problem with iPS Phenotypes

1. Overall characteristics of phenotypes
is not known.

2. the degree of interconnectivity, their
reproducibility is not known.

3. Relationship among phenotypes and
genetic mutations have not been
synthesized or catalogued.

4. Predictive models are not possible
with current efforts.
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The Phenogenetic model

Pi= -f(g.i)-l-ef

i : individual patient-derived cell
g : genotype of
p, : Quantitative phenotype of i cell: Cellular phenotypic trait (CPT)

¢ : Environmental contribution to p,
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System biology meta-analysis methods
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Distribution of iPSC-derived Phenotypes
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Genome wide distribution of iPSC
phenotypes clusters
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Map of phenotypes by developmental stages

Genes linked to
D Neurodegenerative

Disease ALDP
ERCC6
Genes linked to NPC1
Neurodevelopmental LMNA
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Phenogenetic networks of iPS phenotypes




Phenogenetic networks of iPS phenotypes

Phenotypes
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Phenogenetic networks of iPS phenotypes




Phenogenetic networks of iPS phenotypes

Overlapping Phenotypes gp
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Phenogenetic networks of iPS phenotypes
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Phenogenetic networks of iPS phenotypes
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Webtool

hemap

Conclusions

1. Systematic analysis of the correlation of
530 neuronal phenotypes with genotypic
data from 180 patients and 143 controls.

2. Creation of a public repository
http://www.iPhemap.org.

3. Our analysis provides, for the first time,
the taxonomy of phenotypes from
patient-derived iPSC models of
neurological diseases.
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Conclusions

4. The network shows overlapping
phenotypes and the degree of association
between cellular and molecular
phenotypes.

5. Our web resource provides a tool for
the mining of the phenogenetic correlation
for human neurological diseases modeled
by iPSCs
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Bedside-Bench-Bedsid

Patient visit
Clinical diagnosis and Work-up

e Roadmap of iPS Model in Neurology

Phenogenetic Report
Disturbed networks in patient
(molecular phenotypes)

i.e Late onset Alzheimer Disease 1. Genomic defects

!

Disease Modeling Lab

Skin biopsy, iPS generation,
Confirmation of reprogramming
Functional i.e in vitro analysis
Genomic i.e Cellnet

|

Genomic valiaation of defects using

Central NIH-funded server

1.Gene expression array of patient

neural cells

2.Data upload to “Central” NIH-funded

server of iPS models containing

submission of molecular profile from

hundreds of controls neurons and

diseased neurons from AD patients

model

2. Potential gene ontology and

pathways to design future
functional assay (Cellular
phenotypes)

> . Potential drugs target to
screening FDA approved
medications that can be
repurposed
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A Node Degree Distribution B Shartest Path Length Distribution
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IPSCs

Molecular Phenotypes

Phenogenetic Correspondence

Cellular Phenotypes
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Ressarch in Moloculsr Genetlcs of CHS repair and Siem Cell Biology

Goal
Clinician: Care of Progressive MS patients
Scientist: Identify and validate genes that

mediate the responses of neural stem cells to
CNS injury in progressive multiple sclerosis.

Modeling Immune-NSCs interactions

Multimodal coherent anti-Stokes Raman scattering

microscopy reveals microglia-associated myelin and
axonal dysfunction in multiple sclerosis-like lesions
in mice
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Galectin-1 Deactivates Classically
Activated Microglia and Protects
from Inflammation-Induced Neurodegeneratio
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Modeling human diseases with stem cells

Mutations in ARFGEF2 implicate vesicle trafficking in
neural progenitor proliferation and migration in the
human cerebral cortex Nature Genetics, 2004

Genomic and functional profiling of human Down
syndrome neural progenitors implicates S100B
and aquaporin 4 in cell injury

Giusoppe Esposite’, Jalme Imilols?, Jie Lu®, Daniede Do Fillppis®, Calerina Scuder’, HUMan Molecular
Genetics, 2008

A Novel 2q37 Microdeletion Containing Human

Neural Progenitors Genes Including STK25 Results

in Severe Developmental Delay, Epilepsy, and

Microcephaly AIMG, 2015
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