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Scientists at the Yale School of Medicine and Veterans Affairs Connecticut Healthcare 
System have successfully demonstrated that it is possible to pinpoint genes that 
contribute to inter-individual differences in pain. 

Chronic pain affects an estimated 100 million people in the United States. Clinicians have 
long recognized that some people are more resilient to pain than others. However the 
biological underpinnings of pain resilience are not well understood. 

The Yale-VA team capitalized on their extensive research on patients with inherited 
erythromelalgia, a condition in which mutations in the gene Nav1.7 cause the body’s 
pain-sensing system to go awry and lead to flare-ups of pain and burning sensations.  

Zeroing in on a mother-son pair with exactly the same pain-causing mutation yet 
markedly different pain experience, the team generated sensory neurons in the laboratory 
dish using the pair’s own cells that were induced into a pluripotent stem cell state. 

The induced pluripotent stem cell-derived sensory neurons (iPSC-SNs) recapitulated the 
pain experience by the mother-son pair as measured by the level of neuronal 
excitability—iPSC-SNs derived from the mother were far less hyperexcitable compared 
to those from the son whose pain experience is far greater.  

Using whole exome sequencing, the researchers sifted through the approximately 20,000 
genes within the genomes of the mother and son, to identify a handful of candidate genes 
capable of conferring the inter-individual difference in pain. They further went on to 
show using computer-aided dynamic clamp, a powerful approach that merges living 
neurons with computational models, that a variation in the mother’s potassium channel 
KCNQ2 gene confers resilience to pain.    

“This work does not apply to all individuals with pain,” cautions Malgorzata Mis, first 
author on the paper, and postdoctoral scientist in the department of neurology. 
Importantly, this work demonstrates for the first time that it is possible to use “pain-in-a-
dish” models to pinpoint pain resilience genes, and assemble a catalog of genes 
responsible for inter-individual differences in pain.   

The findings of the study appear online in the November 20 issue of the Journal of 
Neuroscience.  

 "There are undoubtedly many pain resilience genes. This is an exciting beginning of a 
larger effort. To know that we can use stem cell technology and new genetic methods to 
understand pain resilience genes is very encouraging. Each pain resilience gene will 
represent a potential therapeutic target. So we have a lot of work to do, but this line of 



work may take us closer to better treatments for pain,” quotes senior author Stephen 
Waxman, the Bridget Marie Flaherty professor of neurology and professor of 
neurobiology and of pharmacology at Yale. 

Other Yale authors on the paper are Brian S. Tanaka, Carolina Gomis-Perez, Shujun Liu, 
Fadia Dib-Hajj, Talia Adi, Betsy R. Schulman, and Sulayman D. Dib-Hajj. 
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