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Abstract 

Background and purpose: To determine the genetic background of unknown muscular dystrophy in 

five French families. 

Methods: Twelve patients with limb girdle muscular dystrophy or distal myopathy were clinically 

evaluated. Gene mutations were identified using targeted exon sequencing and mutated DNAJB6 

was tested in vitro. 

Results: Five patients presented with distal lower limb weakness while others had proximal 

presentation with variable rate of progression starting at the median age of 34.6 years. Two novel 

mutations (c.284A>T, p.Asn95Ile, 2 families and c.293_295delATG, p.Asp98del, 1 family) as well as 

the previously reported c.279C>G (p.Phe93Leu, 2 families) mutation in DNAJB6 were identified. All 

showed a reduced capacity to prevent protein aggregation. 
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Conclusions: The mutational and phenotypical spectrum of DNAJB6-caused muscle disease is larger 

than previously reported, including also dysphagia. The originally reported c.279C>G (p.Phe93Leu) 

mutation is now identified in four different populations and appears to be a mutational hotspot. Our 

report confirms that some DNAJB6 mutations cause distal-onset myopathy and hence DNAJB6 

defects should be considered broadly in dominant muscular dystrophy families. 

 

Introduction 

Autosomal dominant limb-girdle muscular dystrophy type 1D (LGMD1D, OMIM 603511) caused by 

DNAJB6 mutations [1,2] has so far been identified in Europe [1,3,4], Asia [5-8] and the US [1,2,9,10]. 

All reported mutations affect DNAJB6’s G/F-domain, encoded by exon 5. Classical LGMD1D is late-

onset with slow progression, and most patients remain ambulatory at high age. However, some 

DNAJB6 mutations can cause a much earlier onset and severe progression [3,5], and some may 

present with a more distal phenotype. Cardiac involvement has not been observed, but the severe 

p.Phe91Ile and p.Phe91Leu mutations lead to respiratory failure [3]. Muscle biopsies show 

myofibrillar protein accumulations and later autophagic rimmed vacuolar dystrophic pathology 

indicating secondary abnormal autophagic induction. The accumulations commonly contain 

sarcomeric Z-disc proteins such as αB-crystallin, myotilin and desmin. The rimmed vacuoles stain for 

the autophagic markers TDP-43, LC3 and SQSTM1, but not for lysosomal marker LAMP2, suggesting 

problems with autophagosome maturation and lysosome fusion [11].  

We report the identification of DNAJB6 mutations in five French families. Two novel mutations 

(c.284A>T; p.Asn95Ile, c.293_295delATG; p.Asp98del), in addition to the previously reported 

c.279C>G (p.Phe93Leu), were identified. Functional studies of the novel mutations confirm reduced 

anti-aggregation capacity.   

Methods 

Twelve patients from five French families with distal myopathy or LGMD were evaluated (Figure 1A). 

DNA from families 1 and 2 were sequenced using MYOcap [12] and families 3-5 with exome 

sequencing.  

Histochemical analyses were performed on cryosections using standard methods. The anti-

aggregation activity of DNAJB6 was tested using a filter trap method [1]. Further experimental 

details in Supplementary methods. 

 

The study was approved by the IRB of Tampere University Hospital. All participants provided 

appropriate consent and the study was conducted according to the Helsinki Declaration. 
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Results 

Clinical details and muscle investigations of the patients in Table 1. The mean age of onset was 38.5 

years (range 16-55). Five patients presented with distal weakness, mainly with difficulties walking on 

toes, nine with proximal lower limb weakness. Three had dysphagia. CK levels were normal or 

slightly elevated. Electromyography findings in all patients studied (5 patients) were consistent with 

myopathy with occasional pseudomyotonic or myotonic discharges in three patients. Fatty 

degenerative involvement was observed in the hamstrings and calf muscles on muscle imaging 

(Figure 1B). Two patients experienced dyspnoea; none of the others had cardiac or respiratory 

symptoms. Muscle biopsy was available from nine patients and rimmed vacuolar pathology was a 

constant finding (Figure 1C).  

 

Targeted high-throughput sequencing revealed a novel c.284A>T (p.Asn95Ile) mutation in the 

probands in families F1 and F2. Sanger sequencing of remaining family members confirmed the 

segregation. The families had no known relation, but a common haplotype showed that they are 

distantly related (supplement table 1). 

 

Exome sequencing of F3:II:2 revealed a novel c.293_295delATG (p.Asp98del) mutation in DNAJB6. It 

was confirmed by Sanger sequencing and segregated in the affected. Families 4 and 5 had a typical 

LGMD1D phenotype with the previously reported c.279C>G (p.Phe93Leu) mutation.  

 

Filter-trap analysis of the two novel mutation together with two earlier described Finnish mutations 

showed significant loss of anti-aggregation capacity (Figure 1D). 

 

Discussion 

We present the first French families with DNAJB6 mutations. DNAJB6 mutations were first related to 

LGMD1D, but this and other recent studies have shown a wider phenotype and variable severity 

compared to the most frequent mutation, p.Phe93Leu [1,2,6,13-15].  

The novel mutations caused a larger variation in phenotype, both in presenting symptoms and 

disease severity. Family F1 (p.Asn95Ile) and patient F3:II:2  (p.Asp98del) presented with distal lower 

limb weakness, but this was not entirely consistent with mutation. Thus, we could not confirm the 

earlier suggestion of a genotype – phenotype correlation that C-terminal mutations in the G/F-

domain correlate with a more distal phenotype [4], although some correlation cannot be excluded. 

Dysphagia is not uncommon and was present in three of our patients. Although DNAJB6 is a 

reported cardiomyopathy susceptibility gene [16], cardiomyopathy has not been observed in any 

patient so far, and severe respiratory insufficiency seems very rare [17]. 

All described mutations affect the G/F-domain of DNAJB6 clearly indicating an important function. 

The C-terminal of DNAJB6 is alternatively spliced giving two isoforms with distinct cellular 
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localisation. Mutations in exon 5 will affect both isoforms, but the cytoplasmic b is the pathogenic 

isoform in both zebrafish [1] and mouse [18]. This is probably due to the cellular localisation as 

muscle phenotypes apparently arise from defect chaperonal processing of cytoplasmic proteins. 

 

DNAJB6 interacts [1] with proteins in the chaperone-assisted selective autophagy (CASA) pathway 

[19]. Other CASA proteins also have similar aggregation preventing effects [20,21] and mutations in 

the CASA proteins HSPB8 [22] and BAG3 [23] are known to cause neuromuscular disease. DNAJB6 

has recently been shown to be important for stress granule handling via TDP-43 [24], and 

colocalization of DNAJB6 with the stress granule protein TIA1 in protein accumulations can be 

observed in patient muscle (Supplementary figure 1). DNAJB6 is also important for handling of 

prions in yeast [25]. The ability of DNAJB6 to recognise specific protein conformers can prevent 

aggregation of these proteins; and when impaired this will lead to defect handling of misfolded 

proteins and aggregations. 

 

Our findings broaden the mutational spectrum of DNAJB6 with two novel mutations. Further, as 

p.Phe93Leu is now identified in four populations it emerges as a mutational hotspot. Our report 

confirms that DNAJB6 mutations may cause distal-onset myopathy and hence that DNAJB6 defects 

should be considered also in distal myopathy patients with weakness starting in the posterior 

compartment. 
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Legends 

Figure 1. Pedigree and muscle findings of the patients with novel mutations: (A) Pedigree of the 

families. (B) Rimmed and subsarcolemmal non-rimmed vacuolation and some myofibrillar 

aggregation are seen in F1 III:1.  Staining with antibodies against myotilin, αB-crystallin and desmin 

shows strong expression in the myofibrillar lesions with aggregates. In patient F3 II:2 the findings are 

similar although more advanced dystrophic with increased fat and fibrosis.  (C) Fatty degenerative 

changes are most severe in the distal lower limb muscles, soleus and medial gastrocnemius in 

patient F1 III:1. Less severe involvement is present in semimembranosus on the left. The posterior 

compartment of the calf is fatty degenerated in patient F2 III:1 with asymmetrical involvement of 

biceps femoris, semimembranosus and adductor magnus. Patient’s F3 II:2 muscle MRI was 

performed at the time when she was already bedridden and consistently all muscles are severely 

affected. (D) Both novel mutations showed significantly impaired anti-aggregation activity (Mann-

Whitney U-test). Aggregation score was calculated as a ratio of aggregated/soluble in the induced to 

the uninduced cells.  
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Table 1 Clinical data of the patients 

Patients Age at last 

exam/ Sex 

Age of 

onset 

First symptoms Muscle  weakness  

(MRC, the Medical Research 

Council Scale) 

Ambulation Creatine 

kinase 

levels 

Muscle 

histology 

Cardiac / Respiratory 

symptoms 

F1 II:2 85/M 55 Difficulty walking 

on toes 

Distal and proximal upper and 

lower limbs, dysphagia 

Wheelchair 

(aged 85) 

Normal Rimmed 

vacuoles 

No/ No 

F1 II:4 75/M 40 Difficulty walking 

on toes 

Lower limbs; tibialis (0), 
gastrocnemius (2), quadriceps 

(4), hamstrings (3)  

One cane  2 X UNL  Rimmed 

vacuoles 

No/ No 

F1 III:1 64/F 50-54 Difficulty walking 

on toes 

Distal lower limbs Ambulant Normal Rimmed 

vacuoles, 

myofibrillar 

aggregates 

No/ No 

F1 III:3 

 

65/M 54 Difficulty walking 

on toes 

Mild distal lower limbs; 

gastrocnemius (4) 

Ambulant Normal Not done No/ No 

F2 III:1 60/M 

 

40 Left lower limb 

weakness, 

difficulty climbing 

stairs 

Scapular (4), axial (4), 

hyperlordosis, pelvic (3), unable 

to walk toes/heels 

One cane 

50m 

Not 

available 

Dystrophy,  
rimmed 

vacuoles 

No/ No 

F2 III:4 

 

54/M 36 Left lower limb 

weakness  

difficulty climbing 

stairs, frequent 

falls 

Abdominal, pelvic and thigh (2), 

gastrocnemius (3+), tibialis (2), 

peroneus (3/4-),  

triceps/biceps (3) 

Two canes 

50m 

2 X UNL Dystrophy,  

rimmed 

vacuoles 

No/  exertional dyspnoea 

Echo: Left EF 63% / 

restrictive  pulmonary 

dysfunction 
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Echo, echocardiogram; FVC, forced vital capacity; UNL, upper normal limit; VC, vital capacity 

F3 II:2 

 

71/F 16 Distal lower limb 

weakness 

Severe distal and proximal 

lower/upper limbs; dysphagia,  

cricopharyngeal myotomy;  
Achilles tendon surgery 

Wheelchair 

(aged 49), 

bedridden 

(aged 65) 

Normal Rimmed 

vacuoles 

No/Dyspnoea 

Echo: aortic dilatation, no 

cardiomyopathy / 

restrictive  pulmonary 

dysfunction, VC 52 % 

F3 III:1 46/M 20 

 

Proximal lower 

limb weakness 

Lower limbs (0-1), deltoid (3-), 

biceps (3-), triceps (2), wrist 

fl/ext. (4/3-), finger fl/ext (4/2) 

Wheelchair Not 

available 

 

Rimmed 

vacuoles 

No/ No 

Echo: normal / FVC 4,1 l 

(90 %) 

F4 II:2 86/F 44 Waddling gait 

 

Proximal and distal limbs; 

dysphagia 

Wheelchair 

(aged 70) 

Normal 

 

Not available 

 

Cardiac infarction aged 

79/ No  

F4 III:1 48/M 40 Difficulty climbing 

stairs 

Severe in lower limbs; moderate 

in axial and proximal upper 

limbs 

Rollator and 

wheelchair 

2 x UNL 

 

Not available 

 

No/ No 

Echo: left ventricular 

hypertrophy 

F5 I:2 62/F 40 Difficulty climbing 

stairs 

Proximal and distal lower limbs, 

mild scapular winging 

One cane 

20m 

Normal Unspecific 

myopathy 

Not available 

F5 II:1 40/M 25 Difficulty climbing 

stairs 

Proximal > distal lower limbs Ambulant 6 x UNL Unspecific 

myopathy 

No/ No 
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