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Individuals with extreme alterations in pain 

perception

‘We know as yet far too little about the nervous system 

to warrant a single guess as to the neuropathology of 

such a case as this’

The Journal of Nervous and Mental Disease: June 1932 -



Genetic technology is moving fast

Sequencing:

Gene discovery was originally

dominated by linkage and candidate

gene analysis. Whole exome and

whole genome sequencing now readily

available.

Interpretation:

Better bio-infomratics

more reference genomes

large databases of variants.

Healthcare delivery:

Integration into normal healthcare.



Bennett and Woods Lancet Neurology 2014
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• Disorders of nociceptor development



Failure of the normal development of the nociceptive system:

Lack of growth factors (bi-allelic loss of function in NGF and trkA)

CONTROL NGF



Causes of congenital insensitivity to pain:

• Bi-allelic mutations in the transcriptional 

regulator: PRDM12. 

Chen et al., Nature Genetics 2015



PRDM12 is required for nociceptor development:

Chen et al., Nature Genetics 2015

CONTROL PRDM12 mutation

Bartesaghi L et al., Cell Reports 2019

Desiderio S et al., Cell Reports 2019



Congenital lack of pain

• Disorders of nociceptive function



Short stature

Anosmic

Normal sensorimotor function

except no perception of pain

Case Hx: Congenital insensitivity to pain

26 yr old male

Never experienced pain

Over 20 fractures

Multiple injuries to the mouth



Case Hx: Sensory testing

Hypersensitive

Hyposensitive



Congenital insesnitvity to pain: Brain imaging
I Tracey, A Segerdahl (McDermott et al., Neuron 2019)



Genetic basis: LOF mutations in Nav1.7
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Genetic basis: LOF mutations in Nav1.7

Bennett et al., physiological reviews 2019



Case Hx 1: A painless channelopathy
McDermott et al., Neuron 2019

BRN3a/NF
Nav1.7 HA tag
Nav1.7HA/MBP



Case Hx 1: A painless channelopathy
McDermott et al., Neuron 2019
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Case Hx 1: A painless channelopathy
McDermott et al., Neuron 2019



Genome editing using CRISPR-Cas9 
Lucy McDermott and Greg Weir

Genomic correction of a CIP patient line

CIP line correctionCIP line correction
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Lack of nociceptors in vivo 
J Serra

hNaV1.7

Microneurography
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Type 1- C-fibre nociceptor

STIM
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Cellular models to test pharmacology:

hNaV1.7



Novel mechanisms of pain insensitivity

BJA

123 (2): e249ee253 (2019)



Conclusions:

• Congenital disorders of pain perception are rare but

have been highly informative regarding how the 

nociceptive system develops and functions. 

• So far almost all of the genes identified have been 

specific to the peripheral nervous system. 

• Studying these patients helps develop new model 

systems and test biomarkers to facilitate drug 

development. 
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Lack of epidermal innervation in vivo 

Control

CIP


