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Pharma Return on Investment
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Drug Target High Throughput Screening
 

What Target?
 



  
   

  
 

Heterologous expression in HEK or CHO cells
 
does not replicate
 

native receptor properties
 



   Study human receptors in human neurons
 



     Phenotypic screen - disease in a dish
 





 

 

 
  

 
 

Directed human neuronal differentiation
 

Embryonic/IP Differentiation factors Specific neuron 

Stem cells population
 



  Disease Modeling New Therapy 



 

   

 

Neuronal specification in patient iPSC lines
 

Shinya Yamanaka Kevin Eggan
 



  What about pain?
 



        
 

     
               

 
 

 
 

  
 
 

  

     
    

 
 

 

  

Peripheral Terminal 

Transducer      Voltage-Gated  
Channels Channels 

TRPV1-4 Nav1.7, 1.8 &1.9 TRPM8 
Noxious TRPA1 
Stimulus ASICs 

P2X3
 

TREK
 
TASK
 

Transducer Generator      Action 
Potential Potential        Potential 

Transduction 

Nav1.8 – tomato 



  
 

  
 

   

Screen for analgesic efficacy in human nociceptors 

Study pain channelopathies in human neurons 

Determine risk of developing pain/neuropathy 



 

 
 

 
 

  
 
 

 
 

 
 

 

    

 
 

   
  

  
 

  
 

 
 

 
 

 
 
 

   

 
 

  
  

 
  

 
 

 
 
 

 
 

  
  

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 

 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

   

  

Directed differentiation
 

Undifferentiated hESC EB Neuron 
Da

y 
0


Da
y 

11



Da
y 

14



Da
y 

28

 

Da
y 

X

 

Day 0 
Make EB 

hEB media 
10%KSR 
10% FBS 
GlutaMax 
NEAA 
Pen/Strep 
β-ME 

Neural progenitors 

Day 11 
Treat with 100nM RA 

N2 media 
DMEM/F12 
GlutaMax 
N2 Supplement 
Pen/Strep 
D-Glucose 
Ascorbic Acid 

Dorsalize 
Day 14 
Treat with 20ng/ml BMP-4 
and 1µM Cyclopamine 

HUES lines 
HUES1 
HUES2 
HUES3 
HUES4 
HUES5 
HUES6 
HUES7 
HUES8 
HUES9 
HUES10 
HUES11 
HUES12 
HUES 13 
HUES14 
HUES15 
HUES16 
HUES17 

Day 28 
Dissociation with Papain 
Plate the cells onto 
polyornithine and fibronectin 
(2.5µg/ml) coated plate 

Nociceptor medium 
Neurobasal 
B27 
N2 
GlutaMax 
Pen/Strep 
25ng/ml NGF 
20ng/ml BDNF 
20ng/ml GDNF 
(2% FBS for first 2 days) 

Day X 
Fix cells 
Perform immunostaining 
and evaluate the expression 
profile of marker genes 

Antibodies 
Brn3a 
Peripherin 
Runx1 
TrkA 
Ret 
Islet1 
TRPV1 



 Transdifferentiation
 



 

  
 

 

Voltage clamp
 

Phenotyping 
Nociceptors 

Calcium Imaging
 



 
 

 
 

 
 
  

 

 
 

 
 

 
 

 

 

 

 

 

  
 

 
 

  

 

 

 

 

 

 

 
 

Runx1 
Ret 

  

  Which Transcription factors?
 

HNK-1 
p75 
Sox10 
FoxD3 
Pax3 
Slug 
Snail 

Ngn1 

Brn3a 
Islet1 
Tlx3 
DRG11 

Early differentiation 

Nociceptor 
precursor 

Postmitotic 
nociceptor 

E10.5-E12 

E11-E13 

Neurogenesis 

Neural crest 

Maturation 
E15-P14 

Immature nociceptor Non-peptidergic 

Peptidergic 

TrkA 

TrkA 
Runx1 

Mature Nociceptor 







  Three years ……………………
 



   

 

 
  

 
 
 

 

 

       

Five factors & four weeks…
 

Media Plate Add 
&Split virus to 

Plat-E 
Cells 

MEF 
culture 

Co-
culture 

Growth 
Factors 

Neurons D 1-3 D 5 D 7 D 9 D 10Fibroblasts 

with
 
Glia
 



    
  

A combination of 5 factors results in efficient
 
production of tomato-positive neurons
 



  

  
  

 

   

  

What are the 5 factors?
 

Myt1 Klf7 Isl2 

*motor neuron identity, 
development and placement 

Allen Brain Atlas 



  Expression of Nociceptor-Specific mRNAs
 



   Molecular characterization of induced neurons
 



  Electrophysiology of Induced Nociceptors
 



    

 
    

  

  
   
 

 

 
   
 

 

 
  

 
 

Nav1.7 current in miNoci  ProTxII
 

Digital 
ProTxII substraction Navtotal Navtotal (– Nav1.7) 

V1/2 ACT miNoci 
Nav1.7 = -23 mV 
V1/2 DRG 
Nav1.7 =  -31 mV 

V1/2 INA miNoci 
Nav1.7 = -71 mV 
V1/2 DRG 
Nav1.7 =  -76 mV 

Nav1.7 



  Action Potential and Firing Properties
 



   Functional Response to Trp Agonists
 



    Induced Nociceptors Fire in Response to Trp Agonists
 



  Sensitization by Inflammatory Mediators
 



  Transmitter release
 



  1 μm capsaicin
 



Results 

 Activity overview
 



  Induced Human neurons
 



   
   

Induced neurons from a patient with FD differ 

from healthy control induced neurons
 



    
 

 
 

 

Induced neurons can be used to screen for 

neurotoxic effects of cancer 

chemotherapeutic agents
 

oxaliplatin
 







 

 

 

       

IEM (F1449V)
 

PEPD 

SFN 
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