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Abstract

Introduction: Charcot-Marie-Tooth (CMT) phenotypes can be distinguished by 

electrophysiology and genetic analysis but few can be identified by their clinical characteristics. 

Distinctive phenotypes are useful in identifying affected individuals and providing additional clues 

about the mechanism of the neuropathy. Cranial neuropathies are uncommon features of CMT, and 

few reports of familial hemifacial spasm (HFS) and trigeminal neuralgia (TN) have been 

published.

Methods: Sixty-three members of a large CMT 1B kindred were assessed for signs of peripheral 

neuropathy and cranial neuropathies then tested for the G163R mutation in the myelin protein zero 

(MPZ) gene.

Results: Of 27 individuals with the G163R mutation in MPZ, 10 had HFS or TN. Co-existing 

HFS and TN were found in 3 of these and 4 had bilateral HFS or TN.

Discussion: This kindred exhibits a distinct CMT phenotype characterized by the development 

of HFS or TN decades after clinical signs of hereditary neuropathy are manifest.
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Introduction

Charcot Marie Tooth disease (CMT) or hereditary motor and sensory neuropathy is a 

common inherited neuromuscular disorder usually characterized by a classic phenotype of 

distal weakness, sensory loss, and foot deformities presenting before adulthood. CMT is 

caused by mutations in a growing list of genes1 but the clinical presentations overlap 

considerably so the inheritance pattern and clinical features are inadequate to make a precise 

diagnosis. Nerve conduction velocities are often useful to further clarify the phenotype but 

genetic heterogeneity is marked even within these groups.

Considering all cases of genetically defined CMT, it is estimated that 55% have mutations in 

PMP22(CMT 1A), 15% in GJB1(CMTX) and 8.5% in myelin protein zero or MPZ (CMT 

1B)2, although these proportions may change with increasing use of whole exome and whole 

genome studies. Over 150 mutations within MPZ are reported to cause disease3 and within 

these, there is marked phenotypic variability from a severe, neonatal onset (Dejerine-Sottas 

Syndrome) to a mild form with late onset and minimally slowed conduction velocities.4 

CMT 1B with MPZ mutations is dominantly inherited but frequently presents as sporadic 

due to de novo mutations5 and the electrophysiologic pattern ranges from very slow to 

nearly normal conduction velocities.6 Some MPZ mutations appear to have distinct 

genotype-phenotype correlations relating to the position of the variant in the protein.4

Even when limb weakness is profound, symptomatic facial weakness or sensory loss is 

unusual for all forms of CMT, as cranial nerves are spared with a few exceptions. Deafness 

has been associated with specific point mutations in the PMP22 gene7,8 ; optic atrophy with 

alterations in the MFN2 gene9; vocal cord paralysis with changes in several CMT genes 

including GDAP110; and deafness with Adie’s pupils with changes in the MPZ gene.11 The 

pathophysiology of these unusual associated features is unknown, however, the genotype-

phenotype correlations may be relevant in distinguishing these features from acquired 

etiologies.

Hemifacial spasm (HFS) and trigeminal neuralgia (TN) are sporadic conditions that usually 

develop in mid to late adulthood and are caused by aberrant neural discharges in the facial 

and trigeminal cranial nerves, respectively. There are scant reports of HFS or TN associated 

with CMT and none have been linked to a specific mutation. This report describes a large 

kindred with CMT1B associated with HFS and TN.

Methods

We identified a kindred from western North Carolina descended from an 18th century 

founder from Sussex, England. All individuals were interviewed and examined by one of the 

investigators (JC, CP, or JL). Their positions in the pedigree were determined and most 

submitted blood samples for genetic analysis. This research was approved by the Wake 

Forest Health Sciences and University of Utah Health Sciences Center Institutional Review 

Boards.
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Phenotypic analysis

A total of 63 subjects traced to this founder were interviewed regarding symptoms of 

neuropathy, facial pain, and facial twitching and underwent a brief neurologic examination 

including strength grading using medical research council (MRC) grades. Some individuals 

had nerve conduction testing performed. Individuals determined to be definitely affected 

with CMT fulfilled either clinical or electrophysiologic criteria based on guidelines set out 

by the European CMT Consortium.12 Subjects determined to have TN fulfilled the 

International Headache Society criteria for idiopathic TN.13 Individuals were determined to 

have HFS if they described unilateral (or bilateral but independent) painless spasms of the 

orbicularis oculi with spread to lower facial muscles that were evident to other persons.

Mutation analysis

Fifty-eight of 63subjects submitted blood samples for genetic analysis. The exon-intron 

boundaries of the MPZ gene were established by sequence alignment of the H. sapiens MPZ 
sequence (GenBank accession NM_000530) with a chromosome 1 genomic contig, and 

confirmed with the Ensembl Human Geneview report (ENSG00000158887). Coding regions 

were confirmed by the predicted amino acid sequence alignment with the protein sequence 

for H. sapiens MPZ contained in GenBank (CAH70270). Intronic primers were designed to 

flank coding exon 4. DNA extracted from peripheral blood lymphocytes of subjects was 

amplified by PCR and sequenced at the University of Utah DNA Sequencing Core Facility. 

Sequence data were analyzed using the DNA sequencing software Sequencher (GeneCodes, 

Ann Arbor, Michigan). A few samples were tested at a commercial laboratory (Athena 

Diagnostics, Boston, Massachusetts).

Statistics

The difference in mean age between the subjects with and without HFS or TN was examined 

with a Student’s t-test. A Chi-Square test was used to test difference in the gender 

proportions. All statistical tests were two-sided and significance was determined at the 0.05 

probability level.

Results

Twenty-five participants had signs and symptoms of peripheral neuropathy that fulfilled 

criteria for hereditary motor and sensory neuropathy (Figure 1). An additional two 

adolescent participants (VII: 9,10) had signs clinically suggestive of neuropathy but did not 

completely fulfill criteria for CMT likely due to their young age. Both children eventually 

tested positive for the MPZ mutation and are included in the analysis for a total of 27 

affected individuals. The ratio of affected to examined (27:63) and multiple instances of 

male to male transmission are consistent with autosomal dominant inheritance. The age 

range of the participants affected with CMT was 13-73 years with an average age of 51.9 

years and 16 (59%) were female. For those 27 persons affected with CMT, the self-reported 

age of onset of neuropathy symptoms or signs ranged from 2 years to 53 years with 15 

participants stating childhood or teenage onset without providing a specific age. Five from 

this group believed onset was after age 30 but no outside medical records were available for 

review to substantiate this late onset. None reported infantile onset with delayed motor 
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milestones. While onset of neuropathy for most was within the first 2 decades of life, there 

was considerable variability in the degree of distal weakness between adults in the same 

decade of life.

Electrophysiology was not systematically performed in all participants but our lab did 

collect various electrophysiologic data on 8 participants with CMT. Motor nerve conduction 

velocities ranged from 14-24 m/s in the lower extremities and from 22-25 m/s in the upper 

extremities. Two affected participants with HFS had facial nerve testing. Both had marked 

prolongation of distal latencies to facial muscles and of the blink responses. 

Electromyography of facial muscles showed motor unit enlargement with reduced 

recruitment and the spasms recorded were characteristic of HFS rather than myokymia.

Twenty-two participants were heterozygous for a point mutation (G to C) in exon 4 of the 

MPZ gene, which results in a non-synonymous exchange of a highly conserved 

transmembrane glycine at position 163 to arginine (G163R). An additional 5 examined 

patients met criteria for CMT and 2 of these underwent electrophysiologic testing which 

confirmed a demyelinating neuropathy. These 5 participants did not provide blood samples 

for mutation analysis. None of the participants without signs and symptoms of neuropathy 

demonstrated the G163R mutation.

The HFS/TN trait (either HFS or TN or both) was found in 10/27 (37%) of individuals with 

CMT. Three subjects had both HFS and TN, 5 HFS only, and 2 TN only. Half of the women 

(8/16) with CMT manifested the HFS/TN trait but only 2 of 11 men (18%). One patient (VI:

20) without CMT also had HFS (see below). Three of the 8 participants with CMT and HFS 

had bilateral HFS and one of 5 participants with CMT and TN had bilateral TN (Table). The 

age at onset for typical neuropathy symptoms of CMT was in childhood and late teenage 

years for most of those affected but one person’s (VIII:3) first self-reported symptom of 

CMT was the development of TN at age 41. HFS presented from age 35-60 years 

(mean=48.8) and TN presented from age 41-56 years (mean=50.8), a non-significant 

difference (p=.68). Of two participants with TN who underwent vascular decompression, 

one had sustained improvement, and another TN participant did not respond to gamma knife 

irradiation. Those with HFS that had been treated with botulinum toxin injections reported 

consistent improvement.

At the time of examination, the CMT subjects with the HFS/TN trait were significantly older 

(mean=61.7 years) than subjects with CMT alone (mean = 46.7 years, p=.01). The mean age 

of CMT participants without the HFS/TN trait (46.7 years) was slightly younger than the 

mean age of onset for the HFS/TN trait (48.5 years). Tibialis anterior strength (using MRC 

grade) was similar (p=.96) between the two groups suggesting that typical neuropathy signs 

were not worse in the group with the HFS/TN trait.

None of the individuals without the G163R mutation had HFS/TN except one (VI:20). This 

53 year old woman reported a history of unilateral HFS effectively treated with botulinum 

toxin. She did not have the G163R mutation and none of her first degree relatives (2 were 

examined) were affected by peripheral or cranial neuropathy. The treating neurologist 

confirmed the diagnosis of HFS and reported normal nerve conduction studies. An MRA of 
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the brain revealed tortuous vertebral arteries in the area of the cranial nerve VII/VIII 

complex with the left vertebral artery indenting the left medulla, a possible explanation for 

the HFS.

Discussion

The high penetrance of the HFS/TN trait distinguishes this CMT1B family from others with 

CMT. There are a few reports of HFS or TN associated with genetically uncharacterized 

CMT.14–16 Most of these are small pedigrees but, in 1968, Lundberg and Westerberg studied 

a large Swedish family with TN, HFS, optic atrophy, Argyll-Robertson pupils, and abnormal 

eye movements associated with a hereditary neuropathy with demyelinating 

electrophysiology.17 The genotype of this family is unknown but our family differs from this 

one as none exhibited ophthalmologic abnormalities. A small portion of our kindred was 

reported in 1977 and, of 13 individuals with CMT, TN was noted in six and hearing loss was 

present in seven.18 HFS was not reported in any of the kindred at that time. None of the 

affected individuals examined for this report had severe, unexplained hearing loss.

Specific genotype-phenotype correlations are well known to occur in CMT1B with some 

mutations resulting in infantile onset often with delayed motor milestones and other 

genotypes resulting in a milder, late-onset presentation with axonal electrophysiology. The 

kindred presented here appears to be in the smaller group of CMT1B phenotypes that have 

childhood onset, demyelinating electrophysiology, and the late development of ambulatory 

disturbance.4

The substitution of a C for a G at position 487 results in the non-synonymous substitution of 

a transmembrane glycine for an arginine at a position that is evolutionarily conserved.19 The 

G163R mutation in MPZ has been associated with CMT previously20–22 but the HFS/TN 

trait was not reported in these cases. The trait might have been overlooked due to a smaller 

number of affected persons examined (4 in the report of Street et al21 and seven in the report 

of Eggers et al22) or affected participants from previous reports may have been pre-

symptomatic for the HFS/TN trait. There is no clinical information in Nelis et al20 but, in the 

Street et al21 report, the ages of the CMT-affected individuals were 30, 32, 34, and 53 years 

old which is below the average age of onset of HFS/TN in our kindred. Small pedigrees of 

familial TN with and without HFS have been reported but no candidate genes have been 

proposed and these families did not have polyneuropathy.24,25

The data from our kindred indicate that the HFS/TN trait shows increased penetrance with 

age so the HFS/TN trait frequency of 37% reported here likely underestimates the true 

penetrance. To underscore this point, during our study encounters, we re-examined two 

individuals noted to have only hereditary neuropathy in the 1977 report who had 

subsequently developed HFS and TN. Similarly, another person (VII-5) in the kindred had 

only CMT when first examined by our group in 200126 but had developed HFS when she 

presented to neurology clinic in 2012.

HFS and TN are clearly over-represented in this kindred since the prevalence of sporadic 

HFS (11/100,000) and TN (4.5/100,000) is quite low.27,28 Bilateral HFS or TN occurs in 
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only 3% of sporadic HFS and TN cases and the co-occurrence of HFS and TN is rarely 

reported.29–31 In contrast, 30% of those affected with the HFS/TN trait in this kindred have 

bilateral involvement and 30% have both HFS and TN.

The mechanism for this extreme predilection to develop HFS/TN is unclear. As in our 

kindred, sporadic cases of HFS and TN demonstrate advancing incidence with age and the 

onset age for sporadic HFS and TN is similar to that in our kindred.32,33 Sporadic HFS/TN 

is believed to be caused by compression of the cranial nerves by adjacent vasculature34,35 

and this risk could be increased by nerve hypertrophy. Using neuromuscular ultrasound, we 

have previously shown that this family has hypertrophic nerves including the vagus nerve36 

and other MPZ mutations have been associated with cranial nerve thickening.37 However, 

the degree of nerve hypertrophy found in this CMT1B family was similar to that found by 

others in CMT1A38 and, as HFS/TN is rare in other forms of CMT, nerve hypertrophy alone 

seems to be an inadequate explanation.

The HFS/TN trait shows increasing penetrance with age which parallels the gradual axon 

loss that occurs with CMT so perhaps the emergence of HFS/TN is due to axon loss in the 

facial and trigeminal nerves. Mild facial weakness and synkinesis were noted in many 

family members including some without the HFS/TN trait but the degree of facial weakness 

was not qualitatively different than in other forms of CMT. Similarly, distal weakness was 

not significantly worse in the group with the trait compared with those who did not express 

HFS/TN and other CMT genotypes with marked axon loss do not manifest HFS/TN so axon 

loss is unlikely to be causative in this pedigree.

The pathophysiology of MPZ mutations leading to neuropathy has been theorized to be due 

to toxic gain of function mutations that may produce the varied phenotypes of CMT1B.39 A 

common underlying mechanism of neuropathy appears to be protein misfolding resulting in 

retention of the mutant protein in the endoplasmic reticulum triggering the canonical 

unfolded protein response (UPR).40 Our kindred’s G163R genotype has not been examined 

for the UPR response but the similar G167R genotype activates the UPR more robustly than 

wild type MPZ.40 Like G163R, the G167R mutation is expressed in the transmembrane 

portion of the protein, causing MPZ to be inserted incorrectly in the membrane.41 Another 

MPZ mutation, Trp101X, is also predicted to result in inadequate anchoring of the protein 

into the myelin membrane and been associated with debilitating, chronic neuropathic pain so 

perhaps abnormalities in protein anchoring are common mechanisms of pain in CMT1B42. 

Abnormalities in myelin compaction and enhanced susceptibility to compression pathology 

have also been described in CMT1B and could result in a reduced threshold for aberrant 

discharges.37,43 It may be that both this specific transmembrane mutation and vascular 

compression must be present to develop HFS/TN in this family. A similar “double crush” 

mechanism has been proposed for multiple sclerosis associated TN where most cases 

demonstrate both a pontine lesion and vascular compression of the trigeminal nerve.44 

Supporting this theory is the family member (VI-20) with HFS but without the G163R 

mutation. Her HFS was apparently due to adjacent tortuous vessels indicating that the MPZ 
mutation alone is not sufficient to cause HFS/TN but is acting as a strong risk factor for the 

trait. Another explanation for this family member’s HFS without an MPZ mutation is the 

possibility that the HFS/TN allele is associated with a gene loci that is independent but close 
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to the MPZ locus. In this setting, the MPZ allele and the HFS/TN allele will co-segregate 

most of the time. To date, a genetic locus for familial TN or HFS has not been identified 

although familial clustering of these entities has been described.14,25 Therefore, a close 

locus, rather than a phenotypic variant of MPZ, remains in the differential in this family.

This CMT1B kindred has a distinctive phenotype of sensorimotor polyneuropathy often 

associated with HFS/TN. Further investigation of this family with detailed neuro-imaging 

would help determine whether the HFS/TN trait is due to factors intrinsic to the nerve or 

surrounding structures as is typical for HFS/TN. It will also be useful to determine if the 

HFS/TN trait is present in unrelated families with the G163R mutation or other 

transmembrane mutations. This description extends the spectrum of genotype-phenotype 

correlation for a gene commonly implicated in CMT. Understanding the mechanism of HFS 

and TN due to this mutation may provide insight into the pathophysiology of these cranial 

neuropathies in sporadic cases.
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Fig.1. 
The complete pedigree ascertained through examination and genealogic records. Roman 

numerals indicate each generation. Gray shading indicates obligate affected individuals. The 

asterisk (*) indicates the individual affected with hemifacial spasm without clinical or 

genetic evidence for Charcot Marie Tooth disease. CMT = Charcot Marie Tooth; HFS = 

hemifacial spasm; TN = trigeminal neuralgia.
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Kindred members with HFS/TN

Subject Pedigree
Position

Sex Age (y) HFS,onset age (y) TN,onset age (y) TA

1 VII:29 F 68 U, 58 U, 56 4

2 VIII:3 F 54 N U, 41 4

3 VI:34 F 61 U, 45 N 4

4 VII:20 F 69 N U, 56 4

5 V:15 F 67 U, 52 N 4

6 V:13 F 73 B, 50 B, 50 5

7 VI:5 F 54 B, 45 U, unclear 4

8 VII:24 M 59 B, 35 N 0

9 VI:40 M 63 U, 60 N 5

10 VII:5 F 49 U,45 N GW

11 VI:20 F 53 U, 50 N 5

HFS=hemifacial spasm, TN=trigeminal neuralgia, U=unilateral, B=bilateral, TA=tibialis anterior power by MRC scale, N= not affected, GW=give 
way
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