Congenital lack of pain

NUFFIELD DEPARTMENT OF

CLINICAL NEUROSCIENCE
Medical Sciences Division

David Bennett




Conflict of Interest statement:

| have undertaken consulting on behalf of Oxford innovation
for Abide, Amgen, Mitsubishi Tanabe, Mundipharma, GSK, TEVA,
Biogen, Lilly, Orion, Theranexus.

* | have an industrial partnership grant from BBSRC and Astra-Zeneca.



Congenital lack of pain

* Introduction to the clinical disorder and human genetics
 Disorders of nociceptor development

 Disorders of nociceptive function



Congenital lack of pain

* Introduction to the clinical disorder and human genetics
» Disorders of nociceptor development

» Disorders of nociceptive function



Individuals with extreme alterations in pain
perception

A CASE OF CONGENITAL GENERAL PURE ANALGESIA *

WoGLRorGE VAN Niess Dearpors. MDD D).

UNTTED STATES VETERANS HOSDPITAL,
THE BRONN, NEW YORK CITY

‘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 iIs moving fast

Sequencing: Interpretation: Healthcare delivery:
Gene discovery was originally Better bio-infomratics Integration into normal healthcare.
dominated by linkage and candidate more reference genomes
gene analysis. Whole exome and large databases of variants.

whole genome sequencing now readily

available.
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Failure of the normal development of the nociceptive system:

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

96 Nature Publishing Group http/h

Mutations in the TRKA/NGF
receptor gene in patients

with congenital insensitivity
to pain with anhidrosis

Motoko Tsurutal,

Yutaka Awaya’ & Ichiro Matsud:
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Causes of congenital insensitivity to pain:

P11
- Bi-allelic mutations in the transcriptional
regulator: PRDM12. |
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PRDM12 is required for nociceptor development:
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Bartesaghi L et al., Cell Reports 2019
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Case Hx: Congenital insensitivity to pain

26 yr old male
Never experienced pain
Over 20 fractures

Multiple injuries to the mouth
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Short stature
Anosmic

Normal sensorimotor function
except no perception of pain




Case Hx: Sensory testing
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Congenital insesnitvity to pain: Brain imaging
| Tracey, A Segerdahl (McDermoitt et al., Neuron 2019)

Thermal Capsaicin




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

Nav1.8
S\O\/\ TX-R
Main contributor to riSing PhasSe -rssesms—sommmam
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frequency firing

* High activation threshold l

* Slow kinetics 1 mA 7
e TTX-resistant 10 ms

Nav1.6

Contributes to the rising phase - Peak amplitude
» Rapid activation and fast inactivation :
* Able to produce resurgent currents
in some cells
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Fast TTX-S Nav1.7 [ 0.5 msec

Contributes to the rising phase ~————»
and amplifies subthreshold stimuli - 0mV

2nAl_ « Low activation threshold
10 ms » Fast kinetics \ ........ Threshold

» TTX-sensitive

Nav1.3 / Resting potential

Contributes to amplification of subthreshold X Undershoot

stimuli when re-expressed after injury
 Low activation threshold Nav1.9

TFTa;tSk;it,'ncvse Amplification of subthreshold stimuli »

* Low activation threshold
* Ultra-slow kinetics
* TTX-resistant
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Bennett et al., physiological reviews 2019




Case Hx 1: A painless channelopathy

McDerrhott et al., Neuron 2019




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
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Genome editing using CRISPR-Cas9

Lucy McDermott and Greg Weir

Genomic correction of a CIP patient line

CIP line correction

C.2488C>T =) C.2488T>C
Rheobase

* *

N830X

Control CIP Correct

Successful correction of SCN9A CIP
line. Reversal of C.2488C>T mutation
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Lack of nociceptors in vivo
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Lack of nociceptors in vivo
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Cellular models to test pharmacolo

Safety and efficacy of a Nav1.7 selective sodium channel > W ':k®
blocker in patients with trigeminal neuralgia: a double-blind,
placebo-controlled, randomised withdrawal phase 2a trial = rsseoue

Joanna M Zakrzewska, Joanne Palmer, Valerie Morisset, Gerard MP Giblin, Mark Obermann, Dominik A Ettlin, Giorgio Cruccw, Lars Bendtsen,

Lamecet Newrad 2017: 16: 291-300

February 16, 2017
http://chdioi.ongd 10,1016/
S1474-4422(17)30005-4

Mark Estacion, Dominigue Derjean, Stephen G Waxman, Gary Layton, Kevin Gunn, Simon Tate, for the study investigators

Vehicle

1.5x% rheobase
I

Vehicle 2uM  10pM 25uM 100nM 250nM

BIIBO74 PF-05089771

10pnM BIIBOTA
| = HCA

B Na,1.7 KO

;
i

AP failure (%)

e
=

o]
=

=

17 stimuliat 20Hz Vehicle 2uM  10pM  25uM

BIIBO74




Novel mechanisms of pain insensitivity

Microdeletion in a FAAH pseudogene identified in a patient with high
anandamide concentrations and pain insensitivity

Abdella M. Habib™“, Andrei L. Okorokov’, Matthew N. Hill", Jose T. Bras™,
Man-Cheung Lee""’, Shengnan Li", Samuel J. Gossage',

Marie van Drimmelen”, Maria Morena“, Henry Houlden”, Juan D. Ramirez”,
David L. H. Bennett’, Devjit Srivastava'”* and James J. Cox™*
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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
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