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a b s t r a c t 

Three families suspected of distal hereditary motor neuropathy underwent genetic screening with the 

aim to identify the molecular defect underlying the disease. The description of the identification reflects 

the shift in molecular diagnostics that was made during the last decades. Our candidate gene approach 

yielded a known pathogenic variant in BSCL2 (p.Asn88Ser) in one family, and via a CMT-capture, in HSPB1 

(p.Arg127Trp), in addition to five other variations in Charcot-Marie-Tooth-related genes in the proband of 

the second family. In the third family, using whole exome sequencing, followed by linkage-by-location, a 

three base pair deletion in exon 33 of MYH7 (p.Glu1508del) was found, a reported pathogenic allele albeit 

for a myopathy. After identification of the causative molecular defect, cardiac examination was performed 

for patients of the third family and this demonstrated abnormalities in three out of five affected family 

members. Heterogeneity and expansion of clinical phenotypes beyond known characteristics requires a 

wider set of genes to be screened. Whole exome/genome analysis with limited prior clinical information 

may therefore be used to precede a detailed clinical evaluation in cases of large families, preventing 

screening of a too narrow set of genes, and enabling the identification of novel disease-associated 

genes. In our cases, the variants had been reported, and co-segregation analysis confirmed the molecular 

diagnosis. 

© 2022 The Authors. Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Distal hereditary motor neuropathies (dHMNs) are a clinically 

nd genetically heterogeneous group of disorders that primarily 

ffect motor neurons, without sensory involvement. Although 

any gene mutations and loci linked to the disease are known, 

he genetic defect has been identified in only one third of the 

ases [ 1 , 2 ]. In this study we present three large families of

hich the proband had been diagnosed with dHMN with an 
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utosomal dominant mode of inheritance. Due to the inheritance 

attern, similarity in phenotype and the fact that pathogenic 

ariants in some genes can cause both Charcot-Marie-Tooth disease 

CMT)/hereditary motor and sensory neuropathies (HMSN) and 

HMN, we decided to perform a genetic screening with obvious 

andidate genes. When unsuccessful, our approach was to proceed 

o targeted sequencing using a custom-made capture containing 

he coding exons of 44 CMT-associated genes. Finally, we 

erformed whole exome analysis, in the third family followed by 

inkage-by-location. Our study shows that co-segregation analysis 

n combination with (targeted) exome sequencing is a powerful 

ool to identify the pathogenic mutation within large families 

here standard gene panels do not suffice. It also underlines the 

ignificance of screening a wide(r) set of genes to cover all possible 

nderlying defects. In our case, the molecular analysis led to 
nder the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Fig. 1. Pedigrees of families with motor neuropathy-like phenotypes. 

Pedigrees of families 1–3. Encircled family members were screened for the presence of the pathogenic variant. The index person in family 2 was indicated by an arrow. 
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ardiac examination and identification of the cardiac abnormalities 

n the third family. 

. Patients, materials and methods 

.1. Patients and families 

Three five generation-families that presented with slowly 

rogressing weakness of the lower limbs and absent sensory 

bnormalities were carefully examined. Pedigrees of the families 

re given in Fig. 1 . Blood samples from affected and non-affected 

amily members of two to three generations were available for 

esearch. Written consent was obtained for all individuals. 

.2. Sequencing of candidate genes 

Genomic DNA was isolated from blood using standard 

rocedures. For amplification of the exons of the candidate genes, 

13 tagged specific exon-primers were used (sequences available 

pon request) with 20 ng of template DNA and Hotfire polymerase 

Solis Biodyne). PCR was performed according to a touchdown PCR 

rogram, with a final annealing temperature at 55 °C. Prior to 

anger sequencing using the Big Dye Terminator kit (ABI), samples 

ere treated with shrimp alkaline phosphatase and exonuclease 

. Sequences were run on an ABI3730xl sequencer and analyzed 

sing the Codon Code Aligner software. 

.3. Targeted sequencing of CMT-associated genes 

A CMT-specific custom-made capture (Nimblegen, Roche) was 

eveloped for routine screening . The capture contained the 

oding exons of the following CMT-associated genes: SEPT9 AARS 

RHGEF10 ATL1 BSCL2 CCT5 CTDP1 DCTN1 DNM2 EGR2 FAM134B 

GD4 FIG4 GAN GARS GDAP1 GJB1 HSN2 HSPB1 HSPB8 IGHMBP2 

KBKAP LITAF LMNA LRSAM1, MFN2 MPZ MTMR2 NDRG1 NEFL 

GFB NTRK1 PLEKHG5 PMP22 PRPS1 RAB7A SBF2 SH3TC2 SLC12A6 

OX10 SPTLC1 SPTLC2 TRPV4 YARS . DNA of the index persons was 

ragmented (Covaris), tagged with specific MIDs and used for 

ibrary preparation . For the capture, the DNA of three libraries 
59 
as combined, after which a sequencing library was prepared 

ccording to the manufacturer’s protocol (Nimblegen, Roche) prior 

o sequencing on a Titanium FLX pyrosequencer (Roche). 

.4. Whole exome sequencing and linkage-by-location 

After library preparation a pilot run was performed on the Solid 

ildfire sequencer with an average coverage of 5x. To obtain a 

igher coverage, the same libraries were used on a Solid 5500 

equencer, (75 bp forward and 35 bp reverse). Rare variations 

ere used to construct a haplotype. Assuming that all affected 

ersons would carry identical variants in the region linked with 

he disease, we confined the linkage region by identification of two 

egions in which variations were no longer present in all affected 

ersons, as the result of a crossing-over event. 

.5. Muscle pathology 

Routine stains (including haematoxylin and eosin (HE), ATPase 

reincubated at pH 9.4, and NADH were performed on 7- μm 

ryostat sections according to standard procedures [3] . 

. Results 

.1. Clinical description of families 

Family 1 Nine affected patients were examined. Disease onset 

ccurred during puberty slowly progressing into adulthood, with 

trophy and paresis of the tibialis anterior and peroneal muscles, 

es cavus, hammer toes, and claw hands. There was slight paresis 

f the hand musculature, and flexor contractures of the fingers, 

pecifically of flexor V. Upper motor neuron involvement, i.e., brisk 

nee and ankle jerks (including clonus) was found in half of 

he patients, extensor plantar responses in 40%. Nerve conduction 

tudies showed normal or minimally reduced motor conduction 

elocities, and normal sensory conduction and SNAPs. 

Family 2: Five affected patients were examined. Onset of 

isease occurred in adolescence with muscle cramping and overt 

eakness of the leg musculature in the third to fourth decade of 
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Table 1 

Clinical characteristics of examined patients. 

Family 3 - gender Age at onset Initial weakness Course of disease Respiratory/ 

cardiac involvement 

Special features EMG, NCV tests 

I-1 Early childhood TA, toe-extensors Progressive: weakness 

prox. leg muscles 

NIV since age 60 yrs. 

Death at age ∼80 yrs 

Hypertrophic 

calves 

n.a. 

II-2 

M 

2 years TA, toe-extensors Progressive: fingers, 

prox. leg muscles, 

sternomastoids 

Normal lung function, 

normal cardiac 

examination 

Hypertrophic 

calves 

‘neurogenic’ 

II-3 

F 

Late walker (2 

yrs) 

TA, toe-extensors Slowly progressive, 

restricted to distal 

muscles 

No dilation of LV, 

non-compacted 

structure, normal LV 

function 

Pes planus ‘neurogenic’: long-duration 

MUAPs m. quadriceps 

femoris, polyphasic MUAPs 

m. TA, normal motor and 

sensory NCVs 

II-4 

M 

Early childhood TA, toe-extensors Slowly progressive: 

finger extensors 

Normal ‘neurogenic’: long-duration 

MUAPs m. quadriceps 

femoris, polyphasic MUAPs 

m. TA, normal motor and 

sensory NCVs 

II-5 

F 

∼ 40 years TA, toe-extensors Slowly progressive: 

proximal leg muscles 

Non-compaction LV, 

normal function 

Pes planus, hollow 

back 

‘neurogenic’: long-duration 

MUAPs m. gastrocnemius 

polyphasic MUAPs m. TA 

and m. gastrocnemius, 

normal motor and sensory 

NCVs 

III-4 

M 

∼ 2 years TA, toe-extensors Progressive: fingers, 

prox. leg muscles, 

abdominal muscles, 

sternomastoids 

Slightly dilated LV and 

non-compaction, 

slightly decreased 

systolic function 

‘neurogenic’ 

III-5 

F 

∼ 4 years TA, toe-extensors Slowly progressive: 

prox. leg muscles 

Slightly elevated LV; 

non-compaction LV/RV 

Hyperlaxity 

fingers/wrists 

n.a. 

III-9 

F 

Early childhood TA, toe extensors Slowly progressive: 

finger extensors, prox. 

leg muscles, 

sternomastoids, 

abdominal muscles 

Slightly dilated LV and 

non-compaction 

n.a. 

III-10 

M 

Early childhood TA, toe extensors Not progressive Slightly dilated LV 

N.a; not analysed. TA; tibialis anterior, LV; left ventricle, RV; right ventricle, prox; proximal, NIV non-invasive ventilation. 

Fig. 2. Muscle pathology Muscle biopsies of family 3, taken from patient II.2 at 8 years of age. The sections were stained with HE (haemotoxylin-eosin) (a), ATPase pH = 9.4 

(b) or NADH (c). 
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a

ife. Paresis of the tibialis anterior, peroneal muscles, pes cavus 

nd, in 4 out of 5 patients weakness of the calf muscles was 

bserved. In due course the proximal leg muscles and hands 

ecame involved as well, leading to wheelchair dependency in two 

atients. Tendon reflexes were diminished (knee) or absent (ankle). 

erve conduction studies demonstrated prolonged distal latencies 

f the motor nerves and low CMAPs, and normal conduction 

elocities. 

Family 3: Clinical details are given in Table 1 . Disease onset 

ccurred in early childhood with atrophy and moderate paresis of 

he tibialis anterior and peroneal muscles. The oldest patient had 

o be artificially ventilated since age 60. Muscle biopsies of patients 

f the first two generations (I1, II2 and II4) demonstrated a peculiar 

icture of fiber type disproportion including atrophic type 1 fiber 

redominance and scattered large type 2 fibers in all three ( Fig. 2 )

nd a neurogenic appearance showing fascicles composed only of 

trophic fibers. The muscle biopsy of a 35-year-old male (III4) was 

nly performed after the genetic analysis showing a variability in 
p

60 
he size of muscle fibers, scattered atrophic type 1 fibers with 

uclear clumps, fiber splitting and numerous fibers with internal 

uclei consistent with a myopathy (not shown). 

EMG studies showed both myopathic (short-duration, 

olyphasic motor unit action potentials (MUAPs)), and neurogenic 

bnormalities (long-duration, high-amplitude MUAPs, fibrillations, 

yotonic discharges, and positive sharp waves). Motor and sensory 

onduction was normal. Following the (genetic) diagnosis, cardiac 

xamination including cardiac MRI was performed, showing slight 

ilatation of the left ventricle in 3 out of 5 examined and non- 

ompaction in 2 out of these 3. In two (middle-aged) patients 

ardiac examination was normal. 

.2. Identification of a Silver disease pathogenic variant in family 1 

Based on the clinical phenotype with purely motor 

bnormalities, signs of upper motor neuron development in a 

roportion of the patients and mode of inheritance in family 1, we 
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Fig. 3. Presence of additional variations in members of family 2. Severity of the phenotype per patient is indicated by a darker color as indicated by the arrow. 
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ocused on the GARS, TRPV4 and BSCL2 genes, after having excluded 

utations in the coding parts of PMP22, MPZ, HSPB1, HSPB8, 

nd MFN2 . A known pathogenic variant (c.263A > G , p.Asn88Ser 

NM_032667.6)) [4] was found in the BSCL2 gene . Consequently, 

ll other affected and non-affected available individuals of this 

amily were screened showing the presence of the pathogenic 

ariant in ten affected patients (10), and additionally, in two 

ealthy individuals, one of whom was an obligate carrier. In 11 

on-affected family members, the mutation was not found thus 

howing a near perfect co-segregation with the disease. 

.3. Identification of a HSPB1 pathogenic variant in family 2 

Targeted sequencing of the exons of 44 CMT-associated genes 

emonstrated the presence of a known pathogenic variant in 

SPB1 : c.379C > T; p.Arg127Trp (NM_001540.5) [5] in the proband 

f the family who was severely affected (i.e., wheelchair-bound at 

ge 48 years). In addition, five other variants in CMT-associated 

enes were detected and confirmed by Sanger sequencing. 

hese variants were located in SOX10 (c.781C > T p.Arg261Cys; 

M_006941.4), HSPB8 (c.50G > T p.Arg17Leu; NM_014365.3), 

AN (c.1445C > T p.Ala482Val; NM_022041.4), PMP22 (c.353C > T 

.Thr118Met; NM_0 0 0304.4) and SETX (c.4096T > C p.Ser1366Pro; 

M_015046.6). Of the observed changes, only the variant in 

SPB1 was found in all affected family members. Remarkably, 

he person with no additional variations showed a much milder 

henotype ( Fig. 3 ). The other three patients carried an additional 

ariant in PMP22 ( Fig. 3 ). The patients who were more moderately 

ffected, carried two additional variations both including the 

MP22 variation, while the most affected patient carried five 

dditional variations including the PMP22 variation. 

.4. Identification of a pathogenic mutation in a muscle specific gene, 

YH7 , in family 3 

Since our targeted CMT-capture did not identify the pathogenic 

ariant, we proceeded to a low-coverage WES approach in six 

ffected and four non-affected family members and used Ingenuity 

nalysis to identify rare variants shared by the majority of patients. 

his yielded 19 variants, 6 of which mapped to chromosomal part 

4q11.2. Of note, previous 2-point linkage analysis with CA repeats 

n this family had indicated a possible linkage to the very same 

egion, between TCRD and D14S70 although the LOD score did not 

each significance (2.11, theta = 0; results not shown). The same 

en family members were sequenced at a higher coverage and all 
61 
ariants within this region were examined for heterozygosity or 

omozygosity of the wildtype or alternative allele and reliability 

f the genotype in IGV. Assuming that no recombination would 

et have occurred (linkage-by-location) when we were close to 

he site of the pathogenic variant, and comparing all variants 

ound in two affected children, their parents one of whom was 

ffected, their non-affected grandmother and 3 affected and 2 non- 

ffected siblings of their affected parent, we could construct a 

aplotype of 10,2 Mb (between rs45500696, and rs7142098; Fig. 4 ) 

hared by all affected family members. Within this region, we 

dentified a change that was reported a pathogenic allele, although 

ot for a neurogenic disorder. In MYH7 , a heterozygous 3 bp 

eletion was found near the 3 ′ -end of the gene (NM_0 0 0257.4; 

.4522_4524delGAG, p.Glu1508del). Consequently, this change was 

onfirmed by Sanger sequencing and was found to be present in 

ll affected and absent in all non-affected family members. 

. Discussion 

This study describes the different approaches in molecular 

iagnostics. As a result of our sequencing effort s we could 

dentify the pathogenic mutations in the three families with 

uspected dHMN. In family 1, using a candidate gene approach, 

e identified a pathogenic variant in the BSCL2 gene. Heterozygous 

utations affecting the glycosylation site of BSCL2/seipin are 

nown to cause Silver syndrome, a rare autosomal dominant 

isease with amyotrophy of the hands, sometimes the lower limbs 

nd spasticity of the distal limbs (spastic paraplegia SPG17) or lead 

o a motor neuropathy due to defects in autophagy [ 4 , 6 , 7 ]. Patients

arrying the Silver mutation may exhibit a spectrum of phenotypes 

8–11] which fits the description of the phenotype in our family. 

Targeted exome sequencing in the second family identified 

 pathogenic HSPB1 variant encoding a molecular chaperone 

lso described to be involved in the pathogenesis of ALS [12] . 

SPB1/HSP27 is linked to both recessive and dominantly inherited 

xonal Charcot-Marie-Tooth disease with minimal sensory 

nvolvement and dHMN [13] . Clearly, the clinical phenotype is 

ighly variable which suggests that several modifiers of the disease 

ay exist. In our family, several other variants in CMT-associated 

enes were found. However, their association with the phenotype 

s unclear. An additional variant in PMP22 (c.353C > T) was present 

n all patients who were moderately or severely affected. This 

ariation was originally reported as a cause for CMT1A, but its 

athogenicity was questioned later on [14] , and the variant was 

escribed as a partial loss-of-function in a HNPP-like neuropathy 
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Fig. 4. Confinement of the linkage region and construction of a disease-haplotype in family 3. In the left side of the figure different alleles are indicated by an arbitrary 

number, in the right side of the figure is specified whether the respective position was wildtype (WT), heterozygous (HET) or homozygous for the alternative nucleotide 

(ALT). gray regions at the top and bottom of the figure represent the parts where the linkage with a specific allele was lost marked by rs4550069 and rs7142098. Boxed and 

shaded positions indicate the presence of the found SNPs that were shared between all patients in our first screen. The first column represents the haplotype linked to the 

disease, the genotype of the grandfather (I.1) was derived from his (grand)children. 
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in brain and nerves albeit at a much lower level than in heart 
15] . Of note, the person with the most severe phenotype carried 

ve additional variants in CMT-associated genes, while the person 

ho was mildly affected had no additional variants in these genes. 

ossibly, the presence of these additional changes may modulate 

he phenotype although they are not sufficiently pathogenic to 

ause the disease as they were also found in the unaffected 

other and sibling of the index patient. 

The third family carries a mutation in a muscle-specific 

ene, MYH7, which is often associated with cardiomyopathies. 

owever, mutations in the C-terminal tail (exons 32–36) have 

een described in Laing distal myopathy [16–23] . The found 

utation in family 3 has been reported as a pathogenic allele in 

everal countries, in some cases as a de novo occurring variant 

eaving little doubt regarding its pathogenicity [24–29] . The clinical 

henotype in these families ranged from being mildly affected 

o being wheelchair-and respirator-dependent, which also fits the 

escription in our family. This variability has been reported for 

ther MYH7 variants as well, including asymptomatic carriers and 

evere cases with early onset, respiratory insufficiency and dilated 

ardiomyopathy [ 20 , 24 , 30 ]. Remarkably, in 1968, the disease in the

amily in this study had been classified as a distal myopathy [31] . 
62 
ater, the diagnosis was changed to dHMN based on the large 

lusters of atrophic muscle fibers in the biopsies of three affected 

ndividuals and dominance of neurogenic abnormalities on EMG. 

uscle pathology and EMG may be misleading as was the case in 

ur family. Muscle membrane irritability, in the form of fibrillation 

otentials, positive sharp waves and myotonic discharges, often 

eferred to as denervating potentials, may be found on needle 

MG in chronic myopathies [32] while short, small, polyphasic 

UAPs, usually found in myopathies, may also be rarely observed 

n neurogenic disorders. The interpretation as neurogenic led to a 

isdiagnosis of dHMN which was also reported for other MYH7 

ariants [ 33 , 34 ]. Due to the presence of mild sensory symptoms,

ne family was even diagnosed with axonal CMT [17] . Voit et 

l . reported an accompanying peripheral neuropathy in the oldest 

ember of one family [35] , and another case of motor neuropathy 

as described in an Italian family albeit that this patient carried 

wo mutations, p.Lys1617del, and p.Glu1619Lys, the latter one 

f which was also present in the non-affected mother of the 

atient [36] . When examining publicly available databases on the 

xpression of the MYH7 gene, it was also reported to be expressed 
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[

nd muscle which triggers the question as to the nature of the 

unction this gene may have in neuronal cells and whether this 

ay contribute to misinterpretation of the phenotype. After the 

enetic diagnosis had been made, the patients were subjected to 

ardiac examination and three out of five patients appeared to 

ave a dilated left ventricle and/or non-compaction of the left 

entricle. Cardiac abnormalities have been reported to occur in a 

inority of the patients carrying MYH7 tail mutations (exon 32–

6) other than the p.Glu1508del mutation [ 20 , 23 , 37 ]. The majority

f patients with the p.Glu1508del mutation was reported to be 

ccompanied by cardiac abnormalities [ 24 , 27 ]. We report the first 

utch family with the p.E1508del mutation and a fifth family 

n which cardiac abnormalities are present warranting cardiac 

xamination for all patients carrying MYH7 tail mutations. 

Next generation sequencing has considerably contributed to 

dentification of the genetic cause of dHMN albeit the detection 

ate ranges from only 14% in cohorts from London, UK and Iowa, 

SA [1] to 35,6% in a cohort from North England [38] . Exome 

equencing of isolated cases yields many variants even when 

onfining the analysis to CMT-associated genes as was the case 

or family 2. Whole exome analysis may lead to the identification 

f novel disease-associated genes or be helpful in identifying 

odulatory variants. Our results emphasize both the importance 

f a careful and detailed clinical examination and the inclusion 

f a wide(r) set of genes to be screened. In our cases, the causal 

ariants were reported pathogenic alleles that co-segregated with 

he disease. Only in family 2, two asymptomatic individuals were 

ound to carry the pathogenic variant in BSCL2. One was an 

bligate carrier and the other person may still develop the disease. 

lternatively, it may be the result of incomplete penetrance 

hat was reported for this mutation before [4] indicative of 

ther factors that influence the development or severity of the 

isease. For large families, segregation analysis in combination 

ith exome sequencing has proven the most powerful tool to 

nd the causative pathogenic variant, even with limited clinical 

nformation. It resulted in the third family in the correction of 

he diagnosis, and prompted cardiac screening and identification 

f cardiac abnormalities in several patients of this family. When 

ealing with previously unreported variants or isolated cases, 

he interpretation of whole exome analysis becomes increasingly 

ifficult [39] . Since whole exome analysis probably yields many 

ikely pathogenic variants, a detailed clinical evaluation of the 

henotype is in these cases essential. Additionally, there is a 

rowing need of functional assays and even more data sharing to 

nable us to correctly categorize found variants into pathogenic 

nd non-pathogenic classes. 

uthor’s statement 

All authors have materially participated in the research and/or 

rticle preparation. MAJW wrote the manuscript and conducted 

he experiments, DK did part of the experiments, MB, JEH, GJG, 

Y van S, HHG examined the described families, EA performed 

uscle pathology, AJ. performed the bio-informatical analysis, FvR 

as responsible for the molecular diagnostics, and MdeV and FB 

upervised the research. All authors have approved the final article. 

eclaration of Competing Interest 

None. 

eferences 

[1] Cortese A, Wilcox JE, Polke JM, Poh R, Skorupinska M, Rossor AM, 

et al. Targeted next-generation sequencing panels in the diagnosis of 
Charcot-Marie-Tooth disease. Neurology 2020;94:e51–61. doi: 10.1212/WNL. 

0 0 0 0 0 0 0 0 0 0 0 08672.org . 
63 
[2] Liu X, Duan X, Zhang Y, Sun A, Fan D. Molecular analysis and clinical diversity
of distal hereditary motor neuropathy. Eur J Neurol 2020;27:1319–26. doi: 10. 

1111/ene.14260 . 
[3] Udd B, Stenzel W, Oldfors A, Olive M, Romero N, Lammens M, et al. 1st ENMC

European meeting: the EURO-NMD pathology working group Recommended 
Standards for Muscle Pathology Amsterdam, The Netherlands, 7 December 

2018. Neuromuscul Disord 2019;29:483–5. doi: 10.1016/j.nmd.2019.03.002 . 
[4] Windpassinger C, Auer-Grumbach M, Irobi J, Patel H, Petek E, Horl G, 

et al. Heterozygous missense mutations in BSCL2 are associated with distal 

hereditary motor neuropathy and Silver syndrome. Nat Genet 2004;36:271–6. 
doi: 10.1038/ng1313 . 

[5] Evgrafov OV, Mersiyanova I, Irobi J, Van Den Bosch L, Dierick I, Leung CL, 
et al. Mutant small heat-shock protein 27 causes axonal Charcot-Marie-Tooth 

disease and distal hereditary motor neuropathy. Nat Genet 2004;36:602–6. 
doi: 10.1038/ng1354 . 

[6] Auer-Grumbach M, Loscher WN, Wagner K, Petek E, Korner E, Offenbacher H, 

et al. Phenotypic and genotypic heterogeneity in hereditary motor 
neuronopathy type V: a clinical, electrophysiological and genetic study. 

Brain 20 0 0;123(Pt 8):1612–23. doi: 10.1093/brain/123.8.1612 . 
[7] Guo J, Qiu W, Soh SL, Wei S, Radda GK, Ong WY, et al. Motor neuron

degeneration in a mouse model of seipinopathy. Cell Death Dis 2013;4:e535. 
doi: 10.1038/cddis.2013.64 . 

[8] Irobi J, Van den Bergh P, Merlini L, Verellen C, Van Maldergem L, Dierick I,

et al. The phenotype of motor neuropathies associated with BSCL2 mutations 
is broader than Silver syndrome and distal HMN type V. Brain 2004;127:2124–

30. doi: 10.1093/brain/awh232 . 
[9] Silver JR. Familial spastic paraplegia with amyotrophy of the hands. Ann Hum 

Genet 1966;30:69–75. doi: 10.1111/j.1469-1809.1966.tb0 0 0 07.x . 
[10] Rudnik-Schöneborn S, Auer-Grumbach M, Senderek J. Charcot-Marie-Tooth 

disease and hereditary motor neuropathies – Update 2020. Med Gen 

2020;32:207–19. doi: 10.1515/medgen- 2020- 2038 . 
[11] Fernandez-Eulate G, Fernandez-Torron R, Guisasola A, Gaspar MTI, Diaz- 

Manera J, Maneiro M, et al. Phenotypic correlations in a large single-center 
cohort of patients with BSCL2 nerve disorders: a clinical, neurophysiological 

and muscle magnetic resonance imaging study. Eur J Neurol 2020;27:1364–73. 
doi: 10.1111/ene.14272 . 

12] Capponi S, Geuens T, Geroldi A, Origone P, Verdiani S, Cichero E, et al. 

Molecular Chaperones in the Pathogenesis of Amyotrophic Lateral Sclerosis: 
the Role of HSPB1. Hum Mutat 2016;37:1202–8. doi: 10.1002/humu.23062 . 

[13] Houlden H, Laura M, Wavrant-De Vrieze F, Blake J, Wood N, Reilly MM. 
Mutations in the HSP27 (HSPB1) gene cause dominant, recessive, and 

sporadic distal HMN/CMT type 2. Neurology 2008;71:1660–8. doi: 10.1212/01. 
wnl.0 0 0 0319696.14225.67 . 

[14] Seeman P, Mazanec R, Marikova T, Rautenstrauss B. Charcot-Marie-Tooth 1A: 

heterozygous T118M mutation over a CMT1A duplication has no influence on 
the phenotype. Ann N Y Acad Sci 1999;883:485–9 . 

[15] Shy ME, Scavina MT, Clark A, Krajewski KM, Li J, Kamholz J, et al. T118M
PMP22 mutation causes partial loss of function and HNPP-like neuropathy. Ann 

Neurol 2006;59:358–64. doi: 10.1002/ana.20777 . 
[16] Feinstein-Linial M, Buvoli M, Buvoli A, Sadeh M, Dabby R, Straussberg R, 

et al. Two novel MYH7 proline substitutions cause Laing Distal Myopathy- 
like phenotypes with variable expressivity and neck extensor contracture. BMC 

Med Genet 2016;17:57. doi: 10.1186/s12881- 016- 0315- 1 . 

[17] Ferbert A, Zibat A, Rautenstrauss B, Kress W, Hugens-Penzel M, Weis J, et al. 
Laing distal myopathy with a novel mutation in exon 34 of the MYH7 gene. 

Neuromuscul Disord 2016;26:598–603. doi: 10.1016/j.nmd.2016.06.458 . 
[18] Roda RH, Schindler AB, Blackstone C, Mammen AL, Corse AM, Lloyd TE. Laing 

distal myopathy pathologically resembling inclusion body myositis. Ann Clin 
Transl Neurol 2014;1:1053–8. doi: 10.1002/acn3.140 . 

[19] Ruggiero L, Fiorillo C, Gibertini S, De Stefano F, Manganelli F, Iodice R, et al.

A rare mutation in MYH7 gene occurs with overlapping phenotype. Biochem 

Biophys Res Commun 2015;457:262–6. doi: 10.1016/j.bbrc.2014.12.098 . 

20] Muelas N, Hackman P, Luque H, Garces-Sanchez M, Azorin I, Suominen T, 
et al. MYH7 gene tail mutation causing myopathic profiles beyond Laing distal 

myopathy. Neurology 2010;75:732–41. doi: 10.1212/WNL.0b013e3181eee4d5 . 
21] Meredith C, Herrmann R, Parry C, Liyanage K, Dye DE, Durling HJ, et al. 

Mutations in the slow skeletal muscle fiber myosin heavy chain gene 

(MYH7) cause laing early-onset distal myopathy (MPD1). Am J Hum Genet 
2004;75:703–8. doi: 10.1086/424760 . 

22] Liu XY, Zhang YS, Sun AP, Zhong YF, Zheng DF, Fan DS. A novel MYH7
mutation resulting in Laing distal myopathy in a Chinese family. Chin Med J 

(Engl) 2019;132:856–9. doi: 10.1097/CM9.0 0 0 0 0 0 0 0 0 0 0 0 0148 . 
23] Lamont PJ, Udd B, Mastaglia FL, de Visser M, Hedera P, Voit T, et al. Laing

early onset distal myopathy: slow myosin defect with variable abnormalities 

on muscle biopsy. J Neurol Neurosurg Psychiatry 2006;77:208–15. doi: 10.1136/ 
jnnp.2005.073825 . 

24] Alessi CE, Wu Q, Whitaker CH, Myopathy Felice KJLaing. Report of 
4 New Families With Novel MYH7 Mutations, Double Mutations, and 

Severe Phenotype. J Clin Neuromuscul Dis 2020;22:22–34. doi: 10.1097/CND. 
0 0 0 0 0 0 0 0 0 0 0 0 0297 . 

25] Lamont PJ, Wallefeld W, Hilton-Jones D, Udd B, Argov Z, Barboi AC, et al. 

Novel mutations widen the phenotypic spectrum of slow skeletal/beta-cardiac 
myosin (MYH7) distal myopathy. Hum Mutat 2014;35:868–79. doi: 10.1002/ 

humu.22553 . 
26] Dubourg O, Maisonobe T, Behin A, Suominen T, Raheem O, Penttila S, et al. 

A novel MYH7 mutation occurring independently in French and Norwegian 

https://doi.org/10.1212/WNL.0000000000008672.org
https://doi.org/10.1111/ene.14260
https://doi.org/10.1016/j.nmd.2019.03.002
https://doi.org/10.1038/ng1313
https://doi.org/10.1038/ng1354
https://doi.org/10.1093/brain/123.8.1612
https://doi.org/10.1038/cddis.2013.64
https://doi.org/10.1093/brain/awh232
https://doi.org/10.1111/j.1469-1809.1966.tb00007.x
https://doi.org/10.1515/medgen-2020-2038
https://doi.org/10.1111/ene.14272
https://doi.org/10.1002/humu.23062
https://doi.org/10.1212/01.wnl.0000319696.14225.67
http://refhub.elsevier.com/S0960-8966(22)00709-X/sbref0014
https://doi.org/10.1002/ana.20777
https://doi.org/10.1186/s12881-016-0315-1
https://doi.org/10.1016/j.nmd.2016.06.458
https://doi.org/10.1002/acn3.140
https://doi.org/10.1016/j.bbrc.2014.12.098
https://doi.org/10.1212/WNL.0b013e3181eee4d5
https://doi.org/10.1086/424760
https://doi.org/10.1097/CM9.0000000000000148
https://doi.org/10.1136/jnnp.2005.073825
https://doi.org/10.1097/CND.0000000000000297
https://doi.org/10.1002/humu.22553


M.A.J. Weterman, M. Bronk, A. Jongejan et al. Neuromuscular Disorders 33 (2023) 58–64 

[  

[

 

[  

[

[

[

[

[

[

[  

[

[

[

Laing distal myopathy families and de novo in one Finnish patient. J Neurol 
2011;258:1157–63. doi: 10.10 07/s0 0415- 011- 5900- 9 . 

27] Reis GF, de la Motte G, Gooding R, Laing NG, Margeta M. Complex sarcolemmal
invaginations mimicking myotendinous junctions in a case of Laing early-onset 

distal myopathy. Neuropathology 2015;35:575–81. doi: 10.1111/neup.12220 . 
28] Naddaf E, Waclawik AJ. Two families with MYH7 distal myopathy 

associated with cardiomyopathy and core formations. J Clin Neuromuscul 
Dis 2015;16:164–9. doi: 10.1097/CND.0 0 0 0 0 0 0 0 0 0 0 0 0 069.org/10.1097/CND.

0 0 0 0 0 0 0 0 0 0 0 0 0 069 . 

29] Yu M, Zhu Y, Lu Y, Lv H, Zhang W, Yuan Y, et al. Clinical features and
genotypes of Laing distal myopathy in a group of Chinese patients, with 

in-frame deletions of MYH7 as common mutations. Orphanet J Rare Dis 
2020;15:344. doi: 10.1186/s13023- 020- 01626- y . 

30] Carbonell-Corvillo P, Tristan-Clavijo E, Cabrera-Serrano M, Servian-Morilla E, 
Garcia-Martin G, Villarreal-Perez L, et al. A novel MYH7 founder mutation 

causing Laing distal myopathy in Southern Spain. Neuromuscul Disord 

2018;28:828–36 . 
31] Does de Willebois AV, Meyer AE, Simons AJ, Bethlem J. Distal myopathy with 

onset in early infancy. Neurology 1968;18:383–90. doi: 10.1212/wnl.18.4.383 . 
32] Paganoni S, Amato A. Electrodiagnostic evaluation of myopathies. Phys Med 

Rehabil Clin N Am 2013;24:193–207 2013. doi: 10.1016/j.pmr.2012.08.017 . 
33] Van den Bergh PY, Martin JJ, Lecouvet F, Udd B, Schmedding E. Laing early- 

onset distal myopathy in a Belgian family. Acta Neurol Belg 2014;114:253–6. 

doi: 10.1007/s13760- 014- 0298- 7 . 
64
34] Komlosi K, Hadzsiev K, Garbes L, Martinez Carrera LA, Pal E, Sigurethsson JH, 
et al. Exome sequencing identifies Laing distal myopathy MYH7 mutation in 

a Roma family previously diagnosed with distal neuronopathy. Neuromuscul 
Disord 2014;24:156–61. doi: 10.1016/j.nmd.2013.10.010 . 

35] Voit T, Kutz P, Leube B, Neuen-Jacob E, Schroder JM, Cavallotti D, et al. 
Autosomal dominant distal myopathy: further evidence of a chromosome 

14 locus. Neuromuscul Disord 2001;11:11–19. doi: 10.1016/s0960-8966(00) 
00158-9 . 

36] Fiorillo C, Astrea G, Savarese M, Cassandrini D, Brisca G, Trucco F, et al. MYH7-

related myopathies: clinical, histopathological and imaging findings in a cohort 
of Italian patients. Orphanet J Rare Dis 2016;11:91 10.1016/j.nmd.2018.07.006. 

doi: 10.1186/s13023- 016- 0476-1 . 
37] Hedera P, Petty EM, Bui MR, Blaivas M, Fink JK. The second kindred with 

autosomal dominant distal myopathy linked to chromosome 14q: genetic and 
clinical analysis. Arch Neurol 2003;60:1321–5. doi: 10.1001/archneur.60.9.1321 . 

38] Bansagi B, Griffin H, Whittaker RG, Antoniadi T, Evangelista T, Miller J, et al. 

Genetic heterogeneity of motor neuropathies. Neurology 2017;88:1226–34. 
doi: 10.1212/WNL.0 0 0 0 0 0 0 0 0 0 0 0377241 . 

39] Karakaya M, Storbeck M, Strathmann EA, Delle Vedove A, Hölker I, Altmueller J, 
et al. Targeted sequencing with expanded gene profile enables high diagnostic 

yield in non-5q-spinal muscular atrophies. Hum Mutat 2018;39:1284–98. 
doi: 10.1002/humu.23560 . 

https://doi.org/10.1007/s00415-011-5900-9
https://doi.org/10.1111/neup.12220
https://doi.org/10.1097/CND.0000000000000069.org/10.1097/CND.0000000000000069
https://doi.org/10.1186/s13023-020-01626-y
http://refhub.elsevier.com/S0960-8966(22)00709-X/sbref0030
https://doi.org/10.1212/wnl.18.4.383
https://doi.org/10.1016/j.pmr.2012.08.017
https://doi.org/10.1007/s13760-014-0298-7
https://doi.org/10.1016/j.nmd.2013.10.010
https://doi.org/10.1016/s0960-8966(00)00158-9
https://doi.org/10.1186/s13023-016-0476-1
https://doi.org/10.1001/archneur.60.9.1321
https://doi.org/10.1212/WNL.000000000000377241
https://doi.org/10.1002/humu.23560

	Pathogenic variants in three families with distal muscle involvement
	1 Introduction
	2 Patients, materials and methods
	2.1 Patients and families
	2.2 Sequencing of candidate genes
	2.3 Targeted sequencing of CMT-associated genes
	2.4 Whole exome sequencing and linkage-by-location
	2.5 Muscle pathology

	3 Results
	3.1 Clinical description of families
	3.2 Identification of a Silver disease pathogenic variant in family 1
	3.3 Identification of a HSPB1 pathogenic variant in family 2
	3.4 Identification of a pathogenic mutation in a muscle specific gene, MYH7, in family 3

	4 Discussion
	Author’s statement
	Declaration of Competing Interest
	References


