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PAIN IN NUMBERS:

 In European countries, national annual economic costs of 

chronic pain amounts to 3–10% of gross domestic 
products

 In US total incremental cost of health care due to pain 

ranged from $261 to $300 billion p. a…. nearly 30 percent 
higher than the combined cost of cancer and diabetes.

 Analgesics Market is Expected to Reach $26.4 Billion, 
Globally, by 2022



Excitability of sensory neurons is a way to communicate sensory information to the brain



Primary nociceptive signal is formed when an action potential is fired by nociceptive 

neuron



Du & Gamper (2013) Current Neuropharmacol

K+ channels are the only channels in sensory neurons that drive resting 
membrane potential towards hyperpolarizing voltages



Chronic pain is a most common symptom of K+ channel autoimmunity



Our screen for the ‘resting’ currents in DRG neurons identified current generated by M-

type K+ channels as a dominant ‘controller’ of resting membrane potential

Du et al. (2014) PAIN



M channels: fit to control

KCNQ1 at 3.7Å:
Sun & MacKinnon Cell 2017
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M channel subunits are expressed in DRG neurons…

Rose et al. (2011) Pain
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DRG:

Sciatic nerve: Skin endings:

Passmore et al. (2012) Front Mol Neurosci

Periferin
Kv7.2

M channel subunit Kv7.2 is abundantly expressed in peripheral sensory fibres
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Functional M channels are expressed along the major compartments of a peripheral 

somatosensory neuron

Du et al. (2017) BJP



Role of M channels in inflammatory pain



Wall and Melzack’s Textbook of Pain

Chemical mediators of inflammatory pain
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Gq/11-coupled receptors inhibit neuronal m-type k+ current
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Some inflammatory mediators 
activate Gq/11-coupled receptors   

Inflammation often increase
peripheral excitability

Gq/11-coupled receptors are 
known to inhibit M currents

M current controls 
excitability 

M channels are expressed 
in peripheral nociceptors

Receptor-mediated M current inhibition 
mediate inflammatory pain?

Working hypothesis for the role of M channel modulation in inflammatory pain



Bradykinin induces both PIP2 hydrolysis and Ca2+ transients in DRG neurons

Liu et al (2010) J Clin Invest



Bradykinin strongly inhibits M current in DRG in a Ca2+-dependent manner

Liu et al (2010) J Clin Invest

)



BK depolarizes and excites DRG neurons 

Liu et al (2010) J Clin Invest



DRG neuron:

Pharmacological M channel augmentation can offset BK-induced excitability

Linley et al. (2012) J Physiol



Peripheral M channel inhibition is painful while M channel enhancement is analgesic

‘Spontaneous’ pain
Heat sensitivity

Linley et al. (2008) J Nurosci; Liu et al. (2010) JCI; Huang et al. (2016) ARS



Some inflammatory mediators 
activate Gq/11-coupled receptors   

Inflammation often increase
peripheral excitability

Gq/11-coupled receptors are 
known to inhibit M currents

M current controls 
excitability 

M channels are expressed 
in peripheral nociceptors

Receptor-mediated M current inhibition 
mediate inflammatory pain?

Working hypothesis for the role of M channel modulation in inflammatory pain

Receptor-mediated M current inhibition 
mediate inflammatory pain



Role of M channels in neuropathic pain



KCNQ gene expression is regulated by the transcription factors sp1 and REST

Mucha et al. (2010) J Neurosci



KCNQ2:

REST can bind to KCNQ genes and  suppress its transcription

Mucha et al. (2010) J Neurosci 



Overexpression of REST in DRG neurons decreases tonic M current density and results 

in overexcitable neurons

Mucha et al. (2010) J Neurosci



We used Partial Sciatic Nerve Lesion model for neuropathic injury:

Thermal hyperalgesia Mechanical hyperalgesia

Rose et  al. (2011) PAIN



Expression of Kv7.2 and REST proteins in DRG show reciprocal changes after 

neuropathic injury 

Rose et  al. (2011) PAIN



Perisciatic nerve injection of M channel opener alleviated thermal hyperalgesia produced 

by PSNL

Rose et  al. (2011) PAIN



M channel openers as prospective analgesics and 
where within the nervous system might they act? 



M channel openers are prospective antiepileptic drugs and analgesics

Du et al. BJP 2017





Hayashi et al:

Central XE991

Systemic RTG

Oral RTG:

• anticonvulsant effect………………......... 

• impaired motor coordination…………….

• reduced exploratory behavior…………... 

• analgesic effect………………………….. 

Reversibility by 

i.c.v. XE991:




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X



Axonal bifurcation (T-junction) is a site of reduced safety factor for AP propagation

Du et al. (2014) PAIN
Sundt, Gamper & Jaffe (2015) 
J Neurophysiol



Focal application of RTG via DRG cannula alleviates peripheral pain

Du et al. (2014) PAIN



Intact fibre

injured fibre

My current hypothesis:

within peripheral somatosensory system M channel openers are most 

efficacious

• at sites of AP generation

• at T-junctions



Mantyh et al (2008) Mol Pain

NOT ONLY DRG IS NOT PROTECTED BY THE BBB/BNB BUT IT IS SUPPLIED BY AN 

EXCEPTIONALLY DENSE VASCULAR NETWORK
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Marshall Devor Pain 1999

PERIPHERAL SOMATOSENSORY NEURONS ARE ‘SPECIAL’


