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WHAT THIS STUDY ADDS

= Our work enlarges the phenotypical spectrum of MYH7-RM,
including the rare clinical axial phenotype linked to MYH7
variants presenting a severe scoliosis, a forward displacement
of the trunk and a hyperextended neck leading the peculiar
‘sphinx’ posture. In our cohort, muscle-MRI also revealed a
frequent and severe involvement of quadriceps with relative
sparing of rectus femoris. We observed four variants leading
to cardiac involvement localised in myosin tail domain. Nine
novel variants are reported.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Our work leads to a better knowledge of MYH7-RMs,
expanding the clinical features with a deep characterisation
of the 'sphinx’ phenotype compared with other myopathies
with early axial involvement. Muscle imaging revealed often
a severe involvement of proximal muscle in lower limbs. All
these features can help the clinicians and guide the diagnosis
of this rare myopathy.

storage myopathy and Laing distal myopathy (LDM).”® The
severity is highly variable, ranging from absent or mild weak-
ness to loss of ambulation and variable axial, cardiac and respi-
ratory involvement. This heterogeneity can be partly explained
by the localisation of the variants within the gene. Variants in
the globular head and neck of myosin are usually associated
with familial cardiomyopathy, while dominant mutations in the
elongated C-rod domain of myosin are responsible for skeletal
muscle disease.” Recessive inheritance is uncommon and has
been reported in only two families.” Age at onset ranges from
early childhood to later, adult-onset forms. Intrafamilial vari-
ability has also been reported. Myopathology of MYH7-RMs is
also wide, ranging from protein aggregates in the form of tubu-
lofilamentous hyaline inclusions (myosin storage), sometimes
associated with rimmed vacuoles, cores, multiminicores and
congenital fibre type disproportion, to poorly specific myopa-
thic findings.* '°

Here, we describe the clinical, myopathological, imaging and
genetic features of 57 patients with MYH7-RM, thus expanding
the phenotypic and genetic spectrum of the disease.

MATERIALS AND METHODS

Patients

A multicentre retrospective study was conducted on 57 patients
with genetically confirmed MYH7-RM, followed in 15 neuro-
muscular reference centres in France, belonging to the French
neuromuscular network (FILNEMUS).

Patients with isolated MYH?7-associated cardiomyopathy,
asymptomatic carriers of MYH7 gene variants and patients
harbouring non-pathogenic MYH7 gene variants were
excluded. Data regarding family history and clinical features
were retrieved from patients’ medical records. Disease onset
and progression, distribution of muscle weakness, clinical
phenotype, gait disturbance, joint contractures and skeletal
deformities were assessed. Concerning ancillary tests, serum
creatine kinase (CK) levels, nerve conduction studies and elec-
troneuromyography (ENMG), forced vital capacity (FVC) and
cardiac evaluation, including standard ECG and echocardiog-
raphy, were retrieved.

Table 1 Summarised features reported by clinicians

Patients (57) * n (%)

Female/male 31 (54)/26 (46)

Age at onset of symptoms in years (years) (n=55) *
<4 years 14 (24)
>4-10 years 22 (40)
>10-20 years 8 (14)
>20 years 11 (20)

Family history (n=57) *

AD 38 (67)
ub 19 (34)

First symptoms (n=57) *

Motor disability (difficulty walking, running, reduced 50 (88)
maximal walking distance, foot drops)

Respiratory symptoms (ie, dyspnoea) 2(3)
Asymptomatic. Referred because of family history 5(9)

At last neurological examination

Muscle weakness distribution (n=57) *

Upper limbs
Normal strength 17 (30)
Isolated distal 24 (42)
Isolated proximal 5(9)
Proximal and distal 11(19)

Lower limbs
Isolated distal 34 (60)
Isolated proximal 1(2)
Proximal and distal 22 (38)

Facial weakness (n=57) * 13(23)

Scapular winging (n=54) * 16 (30)

Axial weakness (n=54) * 34 (63)

Axial stiffness (n=47) * 10 (21)

Spine deformities and treatment (n=56) *

Scoliosis, kyphosis, lumbar/cervical hyperlordosis (n=56) * 23 (41)

Arthrodesis (n=56) * 4(7)

Brace (n=56) * 0

Total joint contractures (n=55) *

Achilles’ tendon contractures 36 (65)
Other joint contractures (elbow, knees, wrist flexor, 13 (24)
fingers flexor)

Foot deformities (n=55) *

Equinovarus 5(9)
Pes cavus 7(13)
Pes planus 8 (14)
Claw feet 2 (4)

Walking abilities (n=57) *

Independent ambulation 33 (58)
Cane or ankle foot orthosis 13 (23)
Intermittent use of wheelchair 4(7)
Wheelchair users 7(12)

The denominator for percentage calculations was the number of cases with
available data for each item (*). The inheritance of the MYH7 variant could not be
determined as genetic tests were lacking for relatives.

AD, autosomal dominant; UD, undetermined.

Muscle imaging

An expert radiologist in neuromuscular disorders analysed all
the available images: 16 muscle MRIs (whole body MRI n=10,
62%) and 3 lower limb muscle CT scans. The Mercuri score
was used to assess the muscle fat replacement as a biomarker of
muscle destruction.'!
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Figure 1  Distal involvement. Bilateral hanging big toe sign as peculiar
feature in a patient with Laing distal phenotype.

Skeletal muscle biopsy

The histological slides or the reports of 27 muscle biopsies,
including light and electron microscopy studies, were reviewed.
All muscle biopsies were analysed using standard light and
electron microscopy techniques as previously described.!* The
muscle biopsy site was known in 20 patients: deltoid (n=8;
409%), extensor carpi radialis brevis (n=3; 15%), quadriceps
femoris (n=2; 10%), tibialis anterior (n=6; 30%) and gastroc-
nemius (n=1; 5%).

Genetic analysis

MYH?7 gene was analysed on genomic DNA from peripheral
blood using next-generation sequencing-based gene panels
and Sanger sequencing. If an exome study identified an MYH7
gene pathogenic variant, direct gene sequencing was performed
subsequently to confirm the presence of the variant. Variants
were interpreted and classified according to the 2015 Amer-
ican College of Medical Genetics Standards and Guidelines and
only patients with pathogenic or likely pathogenic variants were
considered as genetically confirmed."

RESULTS
Clinical presentation
The main clinical features are summarised in table 1.

57 patients with MYH7-RM from 41 families (41 index cases
and 16 relatives) were included. 31 patients (54%) were female.
In 38 index patients (67%), there was a positive family history
compatible with an autosomal dominant inheritance; for the
other 19 patients (33%), the inheritance of the MYH7 variant
could not be determined, as genetic tests were lacking for rela-
tives. 36 patients (65%) presented an early onset before the
age of 10 years. 50 patients (88%) reported walking/running
difficulties, frequent falls or foot drop as first symptoms. Two
patients consulted for respiratory symptoms. Five patients were
self-reported asymptomatic but when referred due to their
family history, they had an abnormal clinical examination. Three
main clinical patterns emerged, with a clear overlap in some
patients: LDM in 40 patients (70%), SP myopathy in 13 patients
(23%) and cervical rigid spine with huge trunk anteversion due
to axial weakness, corresponding to the ‘sphinx’ phenotype, in
four patients (7%). In the lower limbs, the most affected muscle
was tibialis anterior, followed by toe extensor weakness. The

Figure 2 Sphinx phenotype: main clinical features. Bilateral ptosis (A). Weakness of orbicularis oculi (B). Masseter retraction (C). Forward displacement
of the trunk due to extensor spinae global weakness (D—F). Severe scoliosis treated with arthrodesis (blue arrow) leading to an amelioration of the dorsal

bending (E).
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upper limbs were less severely and less often affected than the
lower limbs. The most frequent weakness pattern was also distal
with extensor digitorum communis involvement and especially
toe extensor hallucis longus weakness leading to the peculiar
‘hanging big toe’ sign (figure 1). More rarely, patients had an
early paravertebral or proximal muscle weakness. Other rele-
vant findings were abolished Achilles’ tendon reflexes and foot
extensor weakness, leading to an initial clinical diagnosis of
distal hereditary motor neuropathy (dHMN) in 21% (N=12)
of patients.

The ‘sphinx’ phenotype was the rarest clinical presentation. It
was characterised by an early involvement of the axial muscles
with complete fibro-fatty replacement of the erector spinae at
three levels: cervical, thoracic and lumbar. This led to severe
scoliosis in all patients, requiring arthrodesis in half of them
(n=2, 509). In the sitting position, patients showed a forward
displacement of the trunk with hyperextended neck keeping the
peculiar ‘sphinx’ posture. Facial muscle weakness with ptosis,
orbicularis oculi, orbicularis oris and limited buccal opening due
to masseter retraction was found in three patients (n=3, 75%)
(figure 2). Patients with ‘sphinx’ phenotype also presented scap-
ular winging, large joint contracture and variable proximo-distal
limb involvement (n=3, 75%).

Muscle weakness prog
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