Inherited Neuropathies

Mutations: PMP22, MPZ, Cx32, EGR2, GDAP1, NDRG1, MTMR2, Periaxin, LITAF/SIMPLE, SBF2, RAB 7, GARS 

Phenotypes: HNPP, CMT, Hereditary Brachial Plexopathy, Dejerine-Sottas (DSS), congenital hypomyelinating. 

Patterns of inheritance: 

            AR- homozygous or hemizygous mixed with less severe mutation (HNPP)- frameshift, loss of function 

            AD- heterozygous- in-frame, gain of function 

            XL- heterozygous 

	Name
	Epid/genetics
	Clinical
	Path
	EMG
	Rx/prognosis

	DEMYELINATING

	HMSNIA*, CMT1A*
	incid-1:4000, 50% of inherited neuropathies, Auto dom. 90% PMP22 dup, C17p11.2, 10% pt mutation, 
	LDSMPN**, pes cavus, hammer toes, 

Point mutations can be associated with deafness (CMT1E) 
	Demyelinating, Onion bulbs, PMP 22 assists in axon/myelin interaction
	CV<38 m/s (usually slower)
	gradual progression, usually mild deficit, NCV usually stay stable over time

	HNPP
	incidence-1:5000 (under-recognized), Auto dom. PMP22 deletion, C17p11.2
	recurrent focal npthy at sites of compression, most have generalizede npthy as well, can present as scapuloperoneal syndrome
	Demyelinating Tomaculi
	block/slowing at compression sites, mild generalized slowing, diffuse slowing SCVs + prolonged motor DLs common pattern  
	recurrent episodes, gradual progression

	HMSNIB, CMT1B
	incid-1:80,000, 5% of inherited npthies,  Auto dom.  Po mut (MPZ gene), C1p22-23, 10% pt mut (over 50 MPZ mutations described)N-myc downstream regulated gene (NDRG1) also
	LDSMPN, pes cavus, hammer toes; some kindreds severe enough to cause Dejerine-Sottas or congenital hypomyelinating.  Some kindreds have deafness, Adies pupil or other manifestations of autonomic involvement
	Demyelinating w onion bulbs, Po –50% of myelin protein, assts in myelin/myelin interaction   
	CV<38 m/s (usually slower)
	gradual progression usually mild deficit

	CMT1C
	C16p13 ; missense mutations in LITAF/SIMPLE gene: LITAF is a lysosomal protein important for protein degredation
	LDSMPN, pes cavus, hammer toes
	Demyelinating Onion bulbs
	CV<38 m/s (usually slower)
	gradual progression

	CMT1D
	EGR gene (C10q21) may cause adult pn, congenital hypomyelinating or  Dejerine-Sottas phtype
	LDSMPN 
	Demyelinating
	CV<38m/s
	Gradual progression

	CMT1E
	PMP22 mutations with deafness (see CMT1A)
	LDSMPN
	Demyelinating
	CV<38m/s
	Gradual progression

	CMT1F
	C8p21, NEFL/NF-L (neurofilament light gene), same as CMT2E
	LDSMPN 
	
	
	

	HMSNIII or Dejerine Sottas neuropathy
	 rare, most sporadic, but Aut Dom and AR described, point mut in PMP22, Po or EGR, hard to differentiate from CMT4 or cong. hypomyelinating pn
	severe generalized SMPN onset early childhood, hypertrophic nerves (including roots) and elevated CSF protein
	Severe demyelinating
	very slow CV (< 10 m/s)
	severe progessive

	CMT4A

(ALMOST ALL CMT4 CAN ALSO BE AXONAL) 
	rare, Tunisia, Auto Rec C8q13-21, GDAP1 gene, (ganglioside induced diff assoc prot) GDAP1 muts can cause demyelinating or axonal neuropathy (CMT2G and K)
	severe generalized SMPN onset early childhood, hypertrophy of nerves
	Severe demyelinating with onion bulbs (OB) but no focal myelin folds
	slow between 10-40 m/s
	progressive 

	CMT4B
	rare, Italy, Auto Rec 2 subtypes w diff muts (1) C11q.23 MTMR2 (myotubularin related protein-2) (2)C11q 15 SET binding factor 2(SBF2) gene 
	generalized LDSMPN

cranial nerves (deafness) often involved, no hypertrophy of nerves 
	demyelinating w focal myelin folding & OB
	slow between 10-40 m/s: may have dispersion
	progressive 

	CMT4C 
	rare, Dutch and Turkish kindreds; Auto Rec C5q32; gene unknown
	generalized LDSMPN, some with hypertrophy, bad scoliosis
	Demyelinating or axonal, no bulbs, basal mem around axons; large cytoplasmic extensions of Scwhann cells
	slow between 10-40 m/s
	progressive 

	CMT4D
	European Gypsies, AR, C8q 24 NDRG1 N-myc-downstream regulated gene 1 (also causes CMT2B) 
	generalized LDSMPN, deafness
	Hypomyelination and onion bulbs early, severe axon loss later
	slow between 10-40 m/s
	Severe progressive

	CMT4E
	Auto R, C10q21 EGR2, (a severe variant of congenital hypomyelinating or Dejerine-Sottas pn)
	Hypomyelinating or DSD phenotype, cranial nerve, resp failure
	Hypo or demyelination with OB
	slow between 10-40 m/s
	Severe progressive

	CMT4F
	Rare,Auto Rec C19q13, PRX gene; Periaxin (Schwann cell protein), may cause adult or Dejerine-Sottas pattern
	Early onset, generalized LDSMPN, ataxia, pain, some with remissions or fluctuation in cold; enlarged nerve roots and elevated CSF prot
	Demyelinating with OB and myelin folds
	slow between 10-40 m/s
	First decade progressive

	CONGENITAL HYPOMYELINATING NPTHY
	 Same as Dejerine Sottas but more severe phenotype 
	severe generalized SMPN present at birth
	hypo –myelination
	very slow CV (< 10 m/s)
	severe progessive

	AXONAL

	HMSNII**, CMT2A
	20-30% of inherited pn Auto Dom, C1p35-36 (KIF1B) kinesian family protein 1Bb; some PMP22,MPZ, ERG, GDAP1 mutations produce CMT2
	generalized LDSMPN mild sensory
	axonal
	low amplitude, CV>40 m/s distal changes on NE
	gradually progressive

	CMT2B

CMT2B1-Lamin A/C on 1q21 
	Auto Dom, C3q13-22, mut in RAS associated protein RAB7 (a GTPase endosomal protein)
	generalized LDSMPN: sensory> motorCan look like HSN
	axonal
	low amplitude, CV>40 m/s
	gradually progressive

	CMT2C
	Auto Dom,, Klein and Dyck linked to 12q23, in same region as several forms of spinomuscular atrophy
	generalized LDSMPN + diaphragm, intercostals and vocal cord (pupillary abnormalities and hearing loss in some) 

Motor > sensory 
	axonal
	low amplitude, CV>40 m/s
	gradually progressive

	CMT2D, SMAD1 (spinomuscular atrophy distal)
	several families Auto Dom, C7p14 GARS gene (glycyl-tRNA synthetase)
	generalized LDMPN distal SMA 
	axonal
	low amplitude, CV>40 m/s
	gradually progressive

	CMT2E
	Auto Dom, Russia and Slovenia; C8p21, NEFL/NF-L (neurofilament light gene), some have Dejerine-Sottas  or CMT1F
	LDSMPN, onset in 2nd and 3rd decades
	axonal
	low amplitude, CV>40 m/s
	gradually progressive

	CMT2F
	Auto Dom, C7p11-q21, Russian kindred
	LDSMPN, onset in 2nd and 3rd decades, foot drop
	axonal
	low amplitude, CV>40 m/s
	gradually progressive

	CMT2G
	Auto rec C8q13-21, GDAP1 gene, (ganglioside induced diff assoc prot)
	Severe LDSMPN, early onset, often loose ambulation, Vocal cord involvement common
	axonal
	low amplitude, CV>40 m/s
	Severe, progressive

	CMT2H
	Auto Dom, C8q13-21, maps to same region as GDAP1
	LDSMPN with pyramidal features (myeloneuropathy)
	axonal
	low amplitude, CV>40 m/s
	Severe, progressive

	CMT2I
	Auto Dom, C1p22-23, MPZ gene
	Late onset (after 50) LDSMPN (axonal variety of CMT1b
	axonal
	low amplitude, CV>40 m/s
	Severe, progressive

	CMT2J
	Auto Dom, C1p22-23, MPZ gene 
	Axonal varieties of CMT1b with pupil and hearing involvement
	axonal
	low amplitude, CV>40 m/s
	Severe, progressive

	CMT2K
	Auto rec C8q13-21, GDAP1 gene, (ganglioside induced diff assoc prot)
	Same as 4a but axonal
	axonal
	low amplitude, CV>40 m/s
	Severe, progressive

	CMT2L
	C12q24
	
	
	
	

	FAM BRACHIAL PLEXUS NPTHY
	rare, linked to C17 but different locus than HNPP
	recurrent Parsonage- Turner Syndrome
	Mixed but  axonal >demyelinating; perivasc inflammation
	plexopathy with mixed demyelinating and axonal features
	recurrent episodes, may respond to steroids

	X-linked CMT w deafness & MR
	one family, Italian-Am X24-26
	severe generalized SMPN
	axonal
	low amplitude, CV> 40 m/s
	progressive

	MIXED AXONAL/DEMYELINATING

	X-linked CMT
	Xq13.1,1:20,000 5-10% of inherited pn, mut Connexin 32 (Cx32) Gap junction protein, multiple mutations described
	generalized LDSMPN
	Mixed axonal and demyelinating
	intermediate CV between I and II (CV in low to mid 40’s)
	gradually progressive

	SENSORY

	HSNI
	one Auto Dom kindred linked to C9q22- SPTLC1- serine plamityl transferase many other kindreds described
	LDSPN, onset second or third decade, often have neuropathic ulcers &/or joints in distal lower extremities; pain common
	axonal
	low  SNAPs
	gradually progressive

	HSNII, Morvan’s
	Auto Rec or sporadic
	LDSPN, congenital onset, neuropathic ulcers and joint of upper and lower limbs
	Axonal
	Absent SNAPs
	progressive

	HSAN III, Riley-Day, also called Familial dysautonomia (FD)
	1:50,000 Ashkenasi Jews, carrier rate as high as 1:30.  Auto Rec C9q31-33; IKBAP gene; Ikb kinase assoc protein
	severe childhood small fiber sensory and autonomic pn with lung and kidney complications
	small fiber axonal
	normal to low SNAPs
	progressive

	HSAN IV
	Congenital insensitivity to pain (CIP) and anhydrosis
	
	
	
	

	MOTOR

	SMA       infantile- Wernig Hoffman, juvenile- Kukelberg Welander
	Auto rec C5q11-13 survival motor neuron gene
	generalized or proximal = distal motor neuron syndrome
	motor neuron degeneration
	low CMAP, preservation of other NCS
	infantile- death, later onset- slow progression

	Kennedy’s ds, X-linked SBMA
	X-linked, CAG repeat in first exon of Androgen receptor gene
	adult onset, LMN bulbar then limbs, mild sensory involvement, gynecomastia, impotence
	motor neuron degeneration, mild sensory involvement
	low CMAP over weak/atrophic  muscles,  mild to moderate sensory NCS abnormalities
	slow progression

	SMAD, see CMT2D above as well
	one family, Auto Dom, C12q24
	generalized LDMN
	axonal
	low motor amp, normal CV
	gradually progressive

	MISCELLANEOUS****

	Leukodystrophy- ALD, MLD
	ALD- peroxisomal VLCFA oxidation defect X-28, MLD-arysulfatase def
	pn + dementia, optic atrophy, spasticity
	axonal/demyel
	low amplitudes, slowed CV
	progressive

	Mitochondrial ds- NARP, MNGIE, etc. 
	maternal or autosomal inheritance
	LDSMPN +/- auto pn, deafness, ataxia, retinal degen, PEO,  myop (including cardiac cond defects), sz, dementia, strokes, migraines, diabetes, other endocrin probs
	axonal
	low amplitude
	gradually progressive

	MNGIE- mitochondrial neurogastrointestinal encephalo -myopathy
	Most AR mutation in thymidine phosphorylase.  Can diagnosis by elevated serum thymidine and reduced thymidine phosphorylase in the buffy coat
	Mitochondrial myopathy including PEO and ptosis, Peripheral neuropathy length dependent + autonomic, GI dysmotility

CNS white matter abnormalities 
	 maybe axonal or demyelinating (mimicking CMT or CIDP)
	Velocities can be in the 20’s

CSF protein may be elevated 
	Usually gradually progressive but can be subacute mimicking 
CIDP

	Ataxia-Telangiectasia
	Auto Rec, phosphatidylinositol-3’ kinase (DNA repair enzyme) C11q22-23
	LDSMPN, ataxia, telangiectasia, chorea, dystonia, apraxia of EOM, IgA def, lymphoma
	axonal
	low amplitude
	gradually progressive

	Giant axonal N.
	Auto Rec linked to C16 Gigaxonin gene
	severe generalized SMPN
	axonal, giant axonal swellings with accum of NF
	low amplitudes
	progressive

	SCA
	SCA 1-12, alpha-tocopherol transport protein defiiciency (C8q13)
	spinocerebellar degen + mainly large fiber sensory PN
	axonal large fiber
	low sensory amplitudes
	progressive

	Friedriech’s Ataxia
	Auto rec, C9 Frataxin gean, CAG repeats
	same as SCA
	sensory > motor axonal
	low amplitude or absent SNAPs
	progressive

	Fabry’s
	X-linked, ceramidase (lysomal alpha-galactosidase A) Xq22.1
	Painful length dep. small fiber pn, angiokeratoma, early athero, renal ds
	axonal
	normal or low amplitude, NCS may be relatively normal in early or mild cases
	slowly progressive

	Tangier’s
	HDL deficiencyABC transporter gene
	generalized SMPN or PRN, orange tonsils
	axonal
	low amplitudes 
	slowly progressive

	Refsum’s
	phytanic acid def
	LDSMPN, ichthyosis, deafness,
	axonal/demyel
	low amplitude
	slowly progressive

	Porphyria
	Auto dom, AIP, HCP, ALA dehydratase def, VP
	LDSMPN, MMPlX, PRN, small fiber pn
	axonal
	low amplitude
	recurrent/progressive

	Familial amyloid
	Auto dom, transthyretin C18q11-12 or Apo A1 C11q23
	auto neuropathy LDSMPN,   CTS myopathy
	axonal
	low amplitude
	progressive


*HMSN (clinico-path classification), CMT (genetic classification) 

**LDSMPN-length dependent sensorimotor peripheral neuropathy 

***HMSN II- sporadic cases likely account for much of the idiopathic LDSMPN cases including some with small fiber involvement (dysethesias) some sporadic cases linked to Po mutations. 

**** other miscellaneous not described in detail include Abetaliproteinemia (Bassen -Kornsweig disease), Neuroaxonal dystrophy, Cockayne's disease, Neiman-Pick disease 

 

TABLE 2
Hereditary Neuropathy Classified by Gene (Not by phenotype)
	Gene
	Protein
	Function
	Phenotype
	Unusual features

	Cx32
	Connexin
	Gap junction formation
	CMT1X, CMT2X
	

	ERG2
	C2H2 zink finger
	Transcription factor
	CMT1, CHN, DSN
	deafness, EOM, face, bulbar, diaphragm

	GAN1
	Kelch, BTB/PDZ
	Neurofilament architecture
	GAN
	

	GDAP1
	Glutathione transferase
	Development
	CMT2, CMT4A
	Vocal cord 

	KIF1B
	Kinesin
	Anterograde transport
	CMT2
	

	LNMA
	Laminin AC
	Nuclear envelope
	CMT2
	Early upper limb

	MPZ
	Myelin protein zero (Ig )
	Myelin adhesion
	CMT1, DSN, CMT2, CHN
	Early upper limb, marked sensory, deafness, pupils, bulbar

	MTMR2
	Myotubularin
	Tyrosine phosphatase
	CMT4B, CHN
	face, Vocal cord, bulbar, diaphragm

	NDRG1
	N-myc downstream regulatory gene
	Growth arrest & differentiation
	CMT1, CMT2
	marked sensory, deafness,

	NEFL
	Neurofilament light chain
	Neurofilament organization
	CMT1, CMT2, DSN
	

	PMP22
	Peripheral myelin protein
	Myelin growth & development
	CMT1, HNPP, DSN, CHN
	deafness, face, Vocal cord, bulbar

	PRX
	Periaxin
	Cytoskeleton and signaling
	CMT4F, DSN
	marked sensory, deafness,

	RAB7
	GTPase
	Vesicle transport
	CMT2
	

	SBF2
	SET binding factor
	Signalling
	CMT4B2
	

	SIMPLE
	Transcription factor
	Transcription 
	CMT1
	

	SOX10
	HMG
	Transcription
	CMT1
	deafness,

	TDP1
	a-amylase
	DNA replication
	CMT2
	


