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Identify and exploit Human-specific 
properties for therapies

Generate novel cells with superior 
functions for:
• drug screening
• cell therapy

Cell therapies

Integration with next generation 
technologies:
• microfluidics – organ(s) on a 

chip
• nanotechnology
• AI

Personalized medicine for Cancer

Human

Stem Cells
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Testing of SynNotch induced payloads



Synthetic Suppressor Cells



T cell killing of hESC-derived beta cells in vitro

CD19



Synthetic suppressor cells can protect eBCs expressing 
CD19 from T cell mediated killing in vitro

Caspase 3/7 assay



Synthetic suppressor cells protect ES-derived β-like cells 
from T cell killing in vitro

UNTRANSDUCED, No CAR NO SUPPRESSOR, CAR SUPPRESSOR, CAR

CD19+ β-like Cells (INS  GFP): 50K
Killer T cells, anti-HLA-A2 CAR (mCherry): 10K
Suppressor Cells, anti-CD19 SynNotch: 20K 



Spatial organization of T cells



Protection of hESC-derived beta cells in vivo



Synthetic suppressor cells protect transplanted SC beta 
cells from T cell mediated killing in vivo

Immune compromized mouse

Kidney capsule
transplant

SC-Islet transplant

Suppressor
cell Killer cell



Protected transplanted SC beta cells 
remain functional in vivo



 Generation of suppressor cells capable of recognizing a specific beta cell antigen

 Targeted local immune suppression prevents CD8 CAR T cells mediated beta 

cell killing in vitro and in vivo

Summary I

Designer suppressor cells generate a protective barrier 

for stem cell transplants
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Optimizing beta cell function
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MAFA – a critical regulator of beta cell function

MAFA mRNA
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Generating MAFA overexpression cells

+DOX



MAFA overexpression increases beta cell markers
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MAFA overexpression enhances sc-islet functionality

Insulin Secretion Assay
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MAFA enhances mitochondrial metabolic activity
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MAFA remodels SC-islet metabolic signature

Glycolytic and TCA Enzymes Antioxidants

DOX: 0d 14d7d DOX: 0d 14d7dMAFAWT



MAFA sc-Beta Cell - Conclusions

 Increasing MAFA expression in sc-beta cells 
increases beta cell identity markers

 MAFA enhances sc-beta functionality

 MAFA increases sc-beta cell metabolic activity



The dark side of MAFA: human MAFA mutant S64F

 MAFA phosphorylation regulates transcriptional 
activity, DNA binding, and protein degradation

 Serine 64  Phenylalanine
 Loss of priming phosphorylation

 Increases protein stability and promiscuity

 Men develop diabetes in their late 30s
 Patient samples are scarce

Lacovazzo, D., et al., PNAS (2018)



MAFAS64F overexpression cells

+DOX



MAFA overexpression in sc-beta cells
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MAFAS64F transiently improves sc-beta cell function
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Summary II

 Sc-beta cells can be used to study and optimize 
human beta cell health and function
 MAFAWT improves beta cell GSIS response via 

modulation of metabolism

 Sc-beta cells are valuable for studying disease 
pathology
 Investigating MAFAS64F transient increase in 

functionality followed by a loss of function
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>400 Mio years >’X’ Mio years?

~10 years>400 Mio years

The Overarching Goal:

Accelerating evolution to design superior beta/islet cells
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