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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 Microglia in repair

Imitola J, et al  Arch Neurol 63:25-33, 2006
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Repair Dysfunction in Multiple Sclerosis

Personalized Models of Progressive MS 

1.Patient derived 
Neurons, OPCs.

2.Monocyte-derived 
microglia (MDMI).

3. T cell-NSCs 
interaction.
4. Live Cell Cell 
Arrays with 
stemness reporters 
5. Organoids



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.

The Phenogenetic model



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

Increased Cellular Processes and Products
Decreased Cellular Processes and Products
Increased Susceptibility to Chemical Exposure
Decreased Susceptibility to Chemical Exposure
Presence of Abnormal Cellular Structures

Phenotype class and patient-derived cell 
associations
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Map of phenotypes by developmental stages
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Phenogenetic networks of iPS phenotypes



Phenogenetic networks of iPS phenotypes

Phenogenetic networks of iPS phenotypes



Phenogenetic networks of iPS phenotypes

Phenogenetic networks of iPS phenotypes



Phenogenetic networks of iPS phenotypes

Alzheimer’s Disease Subnetwork

Gene Pair Concordant
Phenotypes

APP  – Sporadic 16
PSEN1 – APP 5

PSEN2 – PSEN1 4
APP– PSEN2 2

www.iphemap.org



Webtool

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. 



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

Greetings from Columbus, Ohio 



Patient visit  
Clinical diagnosis and Work-up  
 i.e  Late onset Alzheimer Disease 

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

Genomic validation 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 

Phenogenetic Report  
Disturbed networks in patient model 
(molecular phenotypes) 
1. Genomic defects  
2. Potential gene ontology and 

pathways to design future 
functional assay (Cellular 
phenotypes) 

3. Potential drugs target to 
screening FDA approved 
medications that can be 
repurposed  

Potential Clinical trial n=1 
Clinical trials or FDA approved 
based on prior interrogation of 
patient with similar molecular and 
cellular phenotypes. 

Back to Clinic:  
Clinical Neurologist inform 
patient and discuss in next visit 

Bedside-Bench-Bedside Roadmap of iPS Model in Neurology 











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



Modeling human diseases with stem cells

Nature Genetics, 2004 

Human Molecular 
Genetics, 2008 

AJMG, 2015
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