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Genetics of small fiber neuropathy



Small fiber neuropathy



Aδ C

Small fiber neuropathy



Symptoms



Symptoms



Diabetes mellitus, glucose intolerance,
alcohol abuse, antiretroviral drugs, 
chemotherapy, toxins, vitamin B6, 
HIV, Epstein Barr virus, Lepra, botulism, 
vasculitis, SLE, Sjögren, coeliac disease, 
sarcoidosis, monoclonal gammopathy, 
amyloidosis, paraneoplastic neuropathy,
inflammatory bowel disease, Guillain
Barré syndrome, M. Fabry, M. Tangier, 
familial amyloidosis, Charcot Marie 
Tooth 2B, 
erythromelalgia/erythermalgia, 
burning feet syndrome, 
idiopathic…..

Associated conditions



Clinical observation

Different but 
also equal



Common pathophysiological pathway?
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Sodium channels



Genome screening with fluorescently labeled  
short tandem repeat polymorphisms (STRPs)

Chromosome 2q31-32
(7.94 cM)
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SCN9A

Idiopathic small fiber neuropathy



Faber, Ann Neurol 2012



Electrode

Wild type Mutation

Electrode

Patch clamp analyses
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Voltage clamp - channel function



• Resting membrane potential
• Current threshold
• Spontaneous firing
• Firing frequency

Current clamp - channel excitability



C. Impaired ‘slow 
inactivation’

D. RMP DRG depolarized
E. 43% ↓ current 

threshold
F. Firing frequency ↑
G. Spontaneous firing

Patch clamp analyses

Faber et al. Annals Neurol. 2012;71:26-39.



Hoeijmakers et al. Brain. 2012;135:345-58.



Patient

Healthy person

Small fibers, small hands, small feet

Hoeijmakers et al. Brain. 2012;135:345-58.
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Index patient

Proband’s brother

Proband’s fatherMutation G856D

Small fibers, small hands, small feet

Hoeijmakers et al. Brain. 2012;135:345-58.







• Nav1.7 consist of an α subunit and one or more β subunits

• Nav1.7 is preferentially expressed in dorsal root ganglion (DRG) 
and sympathetic ganglion neurons and their axons
• SCN9A encodes the α subunit of the Nav1.7

NaV1.7 channel



CIP = congenital indifference to pain  
SFN = small fiber neuropathy
PDA = pain, dysautonomia and acromesomelia
PE = primary erythromelalgia
PEPD = paroxysmal extreme pain disorder

NaV1.7 channelopathies



IEM

PEPDSFN

Spectrum



Gain-of-function mutations:
• PE, PEPD, SFN, …
• Missense mutations
• Autosomal dominant inheritance

Loss-of-function mutations:
• CIP
• Nonsense, frame shift, splice site mutations
• Autosomal recessive inheritance

Gain/Loss of function mutations



SCN9A p.Ile228Met

• Severe facial pain *
• Distal pain *
• Scalp discomfort

* Brother and sister

Estacion et al. Mol Pain 2011;7:92

Phenotypic diversity



• Mutation SCN9A p.Arg185His à no autonomic symptoms
• Mutation SCN9A p.Ile739Val à severe autonomic  

symptoms

Han et al. Brain 2012;135:2613-28

Variably expressed



SCN9Ap.Gly616Arg:
Age of onset:

SCN9Ap.Gly616Arg:
Age of onset:

= Affected individual

Choi et al. Brain 2010;133:1823-35

Partly penetrant



Variant MAF * General  
population (%) #

Frequency SFN-cohort  
Maastricht (%)

SCN9A p.Arg185His 0.3-0.6 0.1

SCN9A p.Ile739Val 0.1-0.9 1.5

* MAF, minor allele frequency
# Used SNP databases: dbSNP, ExAC, ESP,GoNL

Waxman et al. Lancet Neurol. 2014;13(11):1152-1160

Disease-contributing variants - risk factors

https://www.ncbi.nlm.nih.gov/pubmed/25316021


Persson et al. Ann Neurol 2013;73:140–5

Reduction neurite outgrow



Sodium channel blocker

Persson et al. Ann Neurol 2013;73:140–5



Inhibition Na+- Ca2+ exchanger

Persson et al. Ann Neurol 2013;73:140–5



Metabolic stress and depolarization



Diagnostic process

Waxman et al. Lancet Neurol 2014; 13:1152-60



MAF= 11.9% (gnomAD)

Nav1.7-1150W vs. Nav1.7-WT:
- Slow inactivation occurred at more positive  

potentials than fast inactivation
- Slow inactivation reached only ~80%
- Extent of slow inactivation was similar
- Voltage-dependence of Nav1.7 was steeper

Reimann et al., PNAS 2010;107(11):5148-53

SCN9A polymorphism p.Arg1550Trp can 
influence pain perception



Role of other sodium channels



Wadhawan, Neurol Genet 2017;3:e207

278 idiopathic neuropathy (67% painful)
179 diabetic neuropathy (77% painful

GOF mutations ≤ 3%
No differences between painful and non-painful group in 
previously reported GOF mutations

Meaning: Painful neuropathy ≠ diabetic neuropathy ≠ SFN



• Penetrance
• Causes/contributor/risk factors
• Mutations in other genes/ genetic 

background
• Role of sodium channels in other  

painful neuropathies
• Therapeutic options

Questions



Sodium channel mutations
• Role in painful small fiber neuropathy
• Diagnosis based on integrated approach

• Possible role for other genes/ genetic background

• Key to targeted treatment

Conclusions



1. Strict criteria for SFN (not all painful neuropathies are SFN)

2.  Include gene mutations in trial design?
– Depending on drugs tested (sodium channel blockers, 

other)
– Secondary/ subgroup analysis for sodium channel 

mutations

Trial design




