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Summary

Clinical characteristics

Laing distal myopathy is characterized by early-onset weakness (usually before age 5 years) that initially involves
the dorsiflexors of the ankles and great toes and then the finger extensors, especially those of the third and
fourth fingers. Weakness of the neck flexors is seen in most affected individuals and mild facial weakness is often
present. After distal weakness has been present for more than ten years, mild proximal weakness may be
observed. Life expectancy is normal.

Diagnosis/testing

The diagnosis of Laing distal myopathy is established in a proband with suggestive findings and a heterozygous
pathogenic variant in MYH?7 identified by molecular genetic testing.

Management

Treatment of manifestations: Physiotherapy to prevent or treat tightening of the Achilles tendon is helpful. In
more advanced cases, lightweight splinting of the ankle (e.g., with an ankle-foot orthosis) can be useful.
Standard medical treatment under the supervision of a cardiologist is recommended for cardiomyopathy;
surgical stabilization of the spine is used to treat kyphoscoliosis.

Surveillance: Annual neurologic examination; repeat electrocardiogram and echocardiogram if symptoms of
cardiac insufficiency occur; regular evaluation for scoliosis/kyphoscoliosis (especially during rapid growth);
respiratory assessment if symptoms suggest sleep-related respiratory insufficiency and obstructive sleep apnea.

Genetic counseling

Laing distal myopathy is an autosomal dominant disorder. Approximately 65%-70% of aftected individuals have
an affected parent; de novo pathogenic variants in MYH?7 account for 30%-35% of individuals with Laing distal
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myopathy. If a parent of the proband is affected and/or is known to have the pathogenic variant identified in the
proband, the risk to the sibs of inheriting the pathogenic variant is 50%. Once the MYH?7 pathogenic variant has
been identified in an affected family member, prenatal testing for a pregnancy at increased risk and
preimplantation genetic testing for Laing distal myopathy are possible.

Diagnosis

No consensus clinical diagnostic criteria for Laing distal myopathy have been published.

Suggestive Findings

Laing distal myopathy should be considered in individuals with the following findings [Hedera et al 2003,
Lamont et al 2006, Lamont et al 2014].

Clinical findings

« Initial weakness of the great toe and ankle dorsiflexors, eventually leading to a high-stepping gait and
secondary tightening of the Achilles tendon. Onset is usually before age five years, but may be later (into
the 6th decade).

« Subsequent weakness of the finger extensors (onset from months to 3 decades after lower-limb
weakness), with sparing of the thumb, and often accompanied by an action tremor of the hands

« Mild involvement of the facial musculature, particularly of the orbicularis oculi and oris muscles

« Early weakness of neck flexion in most families

 Very slow progression of weakness with gradual involvement of the proximal leg and trunk muscles.
With early onset, a wheelchair may eventually be required for mobility.

Laboratory findings

 Serum creatine kinase concentration is usually normal, but may in rare cases be as high as eight times
the upper limit of normal.

» Nerve conduction studies are normal.

« Electromyographic findings are nonspecific, with occasional fibrillation potentials but no prolonged or
large motor unit potentials [Zimprich et al 2000].

Family history is consistent with autosomal dominant inheritance (e.g., affected males and females in multiple
generations). Absence of a known family history does not preclude the diagnosis.
Establishing the Diagnosis

The diagnosis of Laing distal myopathy is established in a proband with suggestive findings and a heterozygous
pathogenic variant in MYH?7 identified by molecular genetic testing (see Table 1).

Note: Identification of a heterozygous MYH?7 variant of uncertain significance does not establish or rule out the
diagnosis of this disorder.

Because the phenotype of Laing distal myopathy can be indistinguishable from many other inherited disorders
with muscle weakness, recommended molecular genetic testing approaches include use of a multigene panel or
comprehensive genomic testing.

Note: Single-gene testing (sequence analysis of MYH?7, followed by gene-targeted deletion/duplication analysis)
is rarely useful and typically NOT recommended.
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A multigene panel for distal myopathy that includes MYH7 and other genes of interest (see Differential
Diagnosis) as described in Beecroft et al [2020] is most likely to identify the genetic cause of the condition
while limiting identification of variants of uncertain significance and pathogenic variants in genes that do
not explain the underlying phenotype. Note: (1) The genes included in the panel and the diagnostic
sensitivity of the testing used for each gene vary by laboratory and are likely to change over time. (2) Some
multigene panels may include genes not associated with the condition discussed in this GeneReview. (3) In
some laboratories, panel options may include a custom laboratory-designed panel and/or custom
phenotype-focused exome analysis that includes genes specified by the clinician. (4) Methods used in a
panel may include sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based
tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering
genetic tests can be found here.

« Comprehensive genomic testing, which does not require the clinician to determine which gene(s) are
likely involved, is another good option. Exome sequencing is most commonly used; genome sequencing
is also possible.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in Laing Distal Myopathy

Proportion of Probands with a Pathogenic
1 P 8
Gene Method Variant 2 Detectable by Method

Sequence analysis 3 100% 4
MYH7 . i icati

Gene ‘FarSgeted deletion/duplication None reported 4

analysis

1. See Table A. Genes and Databases for chromosome locus and protein.

2. See Molecular Genetics for information on variants detected in this gene.

3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

4. Data derived from the subscription-based professional view of Human Gene Mutation Database [Stenson et al 2020]

5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include quantitative
PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted microarray designed to detect
single-exon deletions or duplications.

Clinical Characteristics

Clinical Description

Laing distal myopathy is characterized by muscle weakness and atrophy beginning in the lower legs [Lamont et
al 2006]. Onset is often before age five years. In a few children, onset has been so early as to delay walking. In two
families, weakness was not recognized until the teenage years [Zimprich et al 2000, Hedera et al 2003, Lamont et
al 2006]. In one family with 20 affected members, onset of lower-limb weakness occurred between early
childhood and the fourth decade [Lamont et al 2014]. Onset as late as the sixth decade has been described [Hara
etal 2019].

More than 200 individuals have been identified with a pathogenic variant in MYH?7 associated with Laing distal
myopathy. The following description of the phenotypic features associated with this condition is based on the
reports of Lamont et al [2014], Fiorillo et al [2016], and Dabaj et al [2018].


https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels_FAQs
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing_1
https://www.ncbi.nlm.nih.gov/books/n/gene/app2/

4 GeneReviews®

Table 2. Laing Distal Myopathy: Frequency of Select Features
Feature % of Persons w/Feature Comment

Lower leg muscle weakness & atrophy 100%

Finger extensor weakness 100% Variable time of onset
Mild facial weakness 80%

Neck flexor weakness 100%

Proximal muscle weakness 100%

Spinal manifestations ~30%

Cardiac problems 30%

Lower leg weakness follows a typical sequence: initially dorsiflexion of the ankle and great toe is affected and
leads to a high-stepping gait, dropped big toe, and secondary tightening of the Achilles tendon (see Figure 1).

Weakness of finger extensors develops between months and several decades after the onset of leg weakness
[Lamont et al 2014]. The third and fourth fingers appear to be more severely affected than the other fingers (see
Figure 2), although any of the fingers can be affected. The thumb is spared. Weakness of the finger extensors is
often accompanied by a postural and action tremor of the hands.

Mild facial weakness is often present, leading to inability to bury the eyelashes completely when closing the eyes
tightly, and inability to keep the lips pursed against resistance. One affected individual has a mild Bell's
phenomenon.

Weakness of neck flexion, seen in all affected individuals, is usually early in onset, though weakness of neck
flexion did not manifest in one family until the sixth decade. In most affected individuals and sites, the weakness
is symmetric.

Proximal weakness. After distal weakness has been present for more than ten years, mild proximal weakness
occurs, with a slight Trendelenburg gait and mild scapular winging (see Figure 3). Axial musculature may be
mildly weak as well (manifesting as, e.g., inability to do a sit-up).

Progression is usually extremely slow; however, in one person the weakness became generalized and a
wheelchair was required for mobility by age 15 years [Lamont et al 2014].

Spinal manifestations, which can include kyphoscoliosis, spinal rigidity, and spinal extensor muscle
contractures, occur in one third of individuals and can vary within a family [Feinstein-Linial et al 2016, Fiorillo
et al 2016]. Severe axial involvement with scoliosis, cervical hyperextension, and bent spine has been described
[Dabaj et al 2018].

Cardiac problems are common. In their review of 88 affected individuals from 22 families, Lamont et al [2014]
reported cardiac involvement ranging from hypertrophic cardiomyopathy with onset from birth to the third
decade of life, to dilated cardiomyopathy with onset from birth to the second decade of life. In an earlier report,
a father and son in one family developed a dilated cardiomyopathy for which no other cause was found [Hedera
et al 2003].

Respiratory issues, present in approximately 40% of individuals in the form of reduced forced vital capacity, are
not usually life threatening [Lamont et al 2014]. Sleep apnea or sleep-related respiratory insufficiency may
develop [Yu et al 2020].

CNS involvement with white matter lesions and epilepsy has been described in a single family including three of
14 family members over three generations [Lefter et al 2015].
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Muscle pathology in Laing distal myopathy is highly variable [Lamont et al 2006, Lamont et al 2014].

« The most common myopathic feature is excessive variation in fiber size, with either type 1 or type 2 fibers
involved.

Fiber type predominance is common. In one large family, ten of 14 muscle biopsies showed abnormally
small type 1 fibers with type 1 predominance, fulfilling criteria for congenital fiber-type disproportion
[Muelas et al 2010].

» Another common finding is core pathology of either central cores or multiminicores, with or without
subsarcolemmal hyaline bodies [Cullup et al 2012, Negrao et al 2020].

 Other reported findings:

o Excessive central nucleation and mild necrosis and regeneration

o Fatty replacement in "end-stage" muscles

o Cytoplasmic bodies and myofibrillar-like myopathy features [Tasca et al 2012]

o Spheroid cytoplasmic body-like inclusions with a moth-eaten appearance [Hara et al 2019]

o Inflammatory myopathy with rimmed vacuoles resembling inclusion body myositis [Roda et al
2014]

o Immunohistochemical staining for slow and fast myosin demonstrating co-expression of both
isoforms in some muscle fibers, possibly indicating a switch from fiber type 1 to fiber type 2
[Lamont et al 2006]

Genotype-Phenotype Correlations

Laing distal myopathy may be caused by different types of variants in the distal myosin tail. These include
missense changes that insert proline, or cause charge changes or deletion or insertion of amino acids [Lamont et
al 2014]. Charge reversal pathogenic variants in MYH?7 including p.Glu1801Lys, p.Glu1856Lys, and
p.Glul914Lys can be associated with a Laing distal myopathy phenotype combined with cardiomyopathy [Udd
2009, Finsterer et al 2014a, Finsterer et al 2014b, Lamont et al 2014]. It has also been shown that missense
pathogenic variants to proline (p.Argl608Pro) and amino acid deletions (p.Leul793del, p.Lys1617del) or
insertions can also be associated with a combined distal myopathy/cardiomyopathy phenotype [Lamont et al
2014].

Penetrance

Penetrance appears to be at least 85%.

Muelas et al [2010] reported a large Spanish family in which the age of onset ranged from birth to the sixth
decade; 15% of family members with the pathogenic variant were reported to be asymptomatic. (Note, however,
that individual ages at the time of reporting were not clearly stated.)

In one apparent instance of a de novo pathogenic variant, the supposedly unaffected father was found to have
somatic mosaicism; however, when examined, he did have mild weakness [Lamont et al 2014].

Nomenclature
The following alternate terms for Laing distal myopathy are no longer in use or are too nonspecific to be useful:

« Early-onset chromosome 14-linked distal myopathy (Laing)

 Autosomal dominant distal muscular dystrophy

« Infantile autosomal dominant distal myopathy

« Autosomal dominant distal myopathy (a nonspecific term that could apply to other distal myopathies such
as tibial muscular dystrophy)


https://www.ncbi.nlm.nih.gov/books/n/gene/udd/
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Figure 1. Early development of anterior compartment weakness has led to marked tightening of the Achilles tendon bilaterally, with
the affected individual unable to place his heels on the ground.

Figure 2. Individual with Laing distal myopathy attempting to extend her second to fifth fingers. Note marked weakness of third- and
fourth-finger extension.

Figure 3. Mild scapular winging and weakness develops later.

« Gowers myopathy

Prevalence

The prevalence of Laing distal myopathy is unknown. It is thought to be the most common distal myopathy
worldwide [B Udd, personal communication], accounting for approximately 50% of early-onset distal myopathy
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[Author, personal observation]. The frequency of de novo pathogenic variants would also suggest a relatively
high prevalence.

Laing distal myopathy has been reported in most populations [Park et al 2013, Lamont et al 2014, Hara et al
2019] and does not appear to be more prevalent in any specific populations [Author, personal observation].

Genetically Related (Allelic) Disorders

Other phenotypes associated with germline pathogenic variants in MYH?7 are summarized in Table 3.

Table 3. MYH?7 Allelic Disorders
Disorder MOI Variant(s)/Comment

MYH?7 pathogenic variants cause dilated cardiomyopathy less frequently than

Dilated cardiomyopathy AD hypertrophic cardiomyopathy.

Pathogenic variants are spread along almost the entire length of the molecule, incl

Hypertrophic cardiomyopathy AD both the head & the tail, overlapping the pathogenic variants causing LDM & MSM.

The genomic sequence of exon 8 to exon 9 appears to be a cluster for LVNC-related
AD  pathogenic variants; one variant in exon 38 also reported to be assoc w/this
phenotype. !

Left ventricular non-compaction
(LVNC) (OMIM 613426)

Myosin storage myopathy (OMIM AD

608358, 255160) AR Assoc pathogenic variants cluster w/in exons 37-39

Muscle atrophy beginning in lower legs; in upper extremities the shoulder region is
Scapuloperoneal myopathy (OMIM AD affected earlier & more severely than the hands. Pathogenic variant p.Arg1845Trp
181430) (most commonly assoc w/MSM) was found in 2 of 17 persons w/scapuloperoneal
myopathy. 2

Onset in infancy, pronounced axial & proximal weakness, spinal rigidity, severe
AR scoliosis, normal cardiac function; classic myosin storage features or multiminicore-
like areas

Recessive MYH7-related myopathy 3
(OMIM 255160)

Congenital myopathy w/variable involvement of neck extensors or flexors, cardiac
Congenital myopathy w/fiber type AD abnormalities, fiber type disproportion; assoc pathogenic variants: skipping of exon
disproportion 4 38 due to synonymous SNV of the last base of exon 38 4 or SNV of the first base of
intron 38

AD = autosomal dominant; AR = autosomal recessive; LDM = Laing distal myopathy; MOI = mode of inheritance; MSM = myosin
storage myopathy; SNV = single-nucleotide variant

1. Finsterer et al [2014b]

2. Pegoraro et al [2007]

3. Beecroft et al [2019]

4. Fiorillo et al [2016], Pajusalu et al [2016]

Differential Diagnosis

Other disorders to consider in the differential diagnosis of Laing distal myopathy are indicated in this section.

Congenital Myopathy

The early onset of Laing distal myopathy means that any of the milder congenital myopathies may be a
differential diagnosis (see Table 4a).


https://www.ncbi.nlm.nih.gov/books/n/gene/dcm-ov/
https://www.ncbi.nlm.nih.gov/books/n/gene/hyper-card/
https://omim.org/entry/613426
https://omim.org/entry/608358
https://omim.org/entry/255160
https://omim.org/entry/181430
https://omim.org/entry/255160
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Table 4a. Congenital Myopathies of Interest in the Differential Diagnosis of Laing Distal Myopathy

Gene(s) Disorder

DNM?2 Centronuclear myopathy (CNM); e.g., CNM1 (OMIM
160150) & XL myotubular myopathy

MTM]I

NEB Distal nebulin myopathy 2 (OMIM 256030)

RYR1

Central core disease (OMIM 117000)

MOI Comment

AD . .

XL Ptosis & restriction of eye movements are common.

AR Muscle biopsy shows nemaline bodies.

AD  Weakness is more proximal than distal, affecting hip girdle
AR  in particular; muscle biopsy shows central cores.

AD = autosomal dominant; AR = autosomal recessive; MOI = mode of inheritance; XL = X-linked

Distal Myopathies

The other major group in the differential diagnosis of Laing distal myopathy is distal myopathies (see Table 4b).

Table 4b. Distal Myopathies of Interest in the Differential Diagnosis of Laing Distal Myopathy

Gene

MYH7

TTN

GNE

BAG3
CRYAB
DES
FLNC

KY

LDB3
MYOT
PYROXDI
TTN

DYS1

TIAI

ANO5

Disorder !

Laing distal myopathy

Udd distal myopathy -

tibial muscular dystrophy

GNE myopathy (Nonaka
distal myopathy)

Myofibrillar myopathies 2

(OMIM PS601419)

Miyoshi myopathy (See
Dysferlinopathy.)

Welander distal myopathy 3

(OMIM 604454)

Distal anoctaminopathy
(See ANO5 Muscle
Disease.)

MOI

AD

AD

AD

AR

Initial Muscle Group

Mean Age at Onset Involved Serum CK
Ankle & great toe Usually normal;
<5yrs
extensors rarely 8x normal
535 yrs 'Antenor compartment Normal
in legs
520 yrs Ankle .dor51ﬂex1on, toe s normal
extension
If presentation is distal,
Mostly adulthood,  ankle dorsiflexion & Normal to 4x
rarely teens plantarflexion, + finger =~ normal

Late teens, early

wrist extension 2

adulthood Calf muscles 20-150x normal
Intrinsic muscles of hand

>40 yrs & extensor pollicus Normal
longus

>20 yrs Ankle plantar flexion 5x normal

AD = autosomal dominant; AR = autosomal recessive; MOI = mode of inheritance

1. Listed from most similar to Laing distal myopathy to least similar

2. Typically characterized by onset of proximal weakness, but all myofibrillar myopathies can have onset of distal weakness, most often
in the legs. Common finding is disintegration of the sarcomeric Z-discs and the myofibrils leading to abnormal ectopic accumulation
of multiple proteins involved in the structure of the Z-disc (e.g., desmin, dystrophin, and myotilin).
3. Usually begins in the hand and finger extensors but may begin in the anterior compartment muscles of the lower legs [von Tell et al
2002]. Affected individuals typically experience weakness of the extensor of the index finger after age 40 years, followed by slow
progression to the other finger extensors and to the anterior and posterior leg muscles [Hackman et al 2013].


https://omim.org/entry/160150
https://www.ncbi.nlm.nih.gov/books/n/gene/mtm/
https://omim.org/entry/256030
https://omim.org/entry/117000
https://www.ncbi.nlm.nih.gov/books/n/gene/udd/
https://www.ncbi.nlm.nih.gov/books/n/gene/udd/
https://www.ncbi.nlm.nih.gov/books/n/gene/ibm/
https://omim.org/phenotypicSeries/PS601419
https://www.ncbi.nlm.nih.gov/books/n/gene/miyoshi/
https://omim.org/entry/604454
https://www.ncbi.nlm.nih.gov/books/n/gene/ano5-md/
https://www.ncbi.nlm.nih.gov/books/n/gene/ano5-md/
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Charcot-Marie-Tooth (CMT) hereditary neuropathy, a group of disorders characterized by a chronic motor
and sensory polyneuropathy, also commonly features foot drop and thus may be considered in the differential
diagnosis. Laing distal myopathy is frequently mistakenly diagnosed as CMT.

« Muscle weakness in CMT is often associated with mild-to-moderate distal sensory loss. Although usually
described as "painless," the neuropathy can be painful. Sensory loss can most easily be demonstrated by a
decreased appreciation of vibration, but can also include impaired sensation of pain/pinprick,
temperature, and joint position. More than 80 genes are associated with CMT.

 One aid to differential diagnosis between Laing distal myopathy and CMT: unlike in CMT, in Laing distal
myopathy the extensor digitorum brevis muscles are preserved [Lamont et al 2014].

Management

No clinical practice guidelines for Laing distal myopathy have been published.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with Laing distal myopathy, the
evaluations summarized in Table 5 (if not performed as part of the evaluation that led to the diagnosis) are
recommended.

Table 5. Recommended Evaluations Following Initial Diagnosis in Individuals with Laing Distal Myopathy

System/Concern  Evaluation Comment

Full neurologic exam & review of early gross Exam should specifically look for tightening of Achilles tendon
Muscle weakness . .

motor milestones (see Figure 1) & pattern of muscle weakness.
Cardiomyopathy Baseline e.val w/cardiologist incl EKG &

echocardiogram

. To inform affected persons & their families re nature, MOI, &

Genetic By genetics professionals 1 implications of Laing distal myopathy to facilitate medical &
counseling

personal decision making

MOI = mode of inheritance
1. Medical geneticist, certified genetic counselor, or certified advanced genetic nurse

Treatment of Manifestations

Table 6. Treatment of Manifestations in Individuals with Laing Distal Myopathy

Manifestation/Concern Treatment Considerations/Other
Physiotherapy To prevent or treat tightening of Achilles tendon
Distal leg weakness [ jghtweight splinting of ankle (w/ankle-foot

. Considered for those w/more advanced disease
orthosis)
Standard medical treatment under

Cardiomyopathy supervision of cardiologist

Bracing is generally ineffective in treating spinal curvature

Kyphoscoliosis Surgical stabilization of spine in Laing distal myopathy.


https://www.ncbi.nlm.nih.gov/books/n/gene/cmt/
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Surveillance
Table 7. Recommended Surveillance for Individuals with Laing Distal Myopathy
System/Concern Evaluation Frequency

Distal myopathy Neurology eval Annually

Cardiology eval incl EKG &

Cardiomyopathy echocardiogram

If symptoms of cardiac insufficiency occur

Scoliosis &/or kyphoscolisois Eval During years of rapid growth in adolescence

Sleep-related respiratory insufficiency /
Obstructive sleep apnea

If symptoms suggest sleep apnea / sleep-related

Respiratory function & assessment . . .
respiratory insufficiency

Evaluation of Relatives at Risk

It is appropriate to clarify the genetic status of apparently asymptomatic older and younger at-risk relatives of an
affected individual in order to identify as early as possible those who would benefit from physiotherapy and
surveillance for cardiomyopathy. Evaluations can include:

« Molecular genetic testing if the pathogenic variant in the family is known;
« Evaluations for muscle weakness and secondary contractures if the pathogenic variant in the family is not
known.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this
disorder.

Genetic Counseling

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance

Laing distal myopathy is an autosomal dominant disorder.

Risk to Family Members

Parents of a proband
» Approximately 65%-70% of individuals diagnosed with Laing distal myopathy have an affected parent.
 De novo pathogenic variants in MYH?7 account for 30%-35% of individuals with Laing distal myopathy.

« Recommendations for the evaluation of parents of a proband who appears to be the only affected family
member (i.e., a simplex case) include full history, examination looking for weakness and secondary
contractures, and molecular genetic testing for the MYH?7 pathogenic variant identified in the proband.


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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o If the pathogenic variant identified in the proband is not identified in either parent, the following
possibilities should be considered:

o The proband has a de novo pathogenic variant. Note: A pathogenic variant is reported as "de novo"
if: (1) the pathogenic variant found in the proband is not detected in parental DNA; and (2) parental
identity testing has confirmed biological maternity and paternity. If parental identity testing is not
performed, the variant is reported as "assumed de novo" [Richards et al 2015].

o The proband inherited a pathogenic variant from a parent with germline (or somatic and germline)
mosaicism.* Note: Testing of parental leukocyte DNA may not detect all instances of somatic
mosaicism.

* A parent with somatic and germline mosaicism for an MYH?7 pathogenic variant may be mildly/
minimally affected. One such family has been reported [Lamont et al 2014].

o The family history of some individuals diagnosed with Laing distal myopathy may appear to be negative
because of failure to recognize the disorder in family members, early death of the parent before the onset
of symptoms, or late onset of the disorder in the affected parent. Therefore, an apparently negative family
history cannot be confirmed unless molecular genetic testing has demonstrated that neither parent is
heterozygous for the pathogenic variant identified in the proband.

Sibs of a proband. The risk to the sibs of the proband depends on the clinical/genetic status of the proband's
parents:

o If a parent of the proband is affected and/or is known to have the pathogenic variant identified in the
proband, the risk to the sibs of inheriting the pathogenic variant is 50%. Penetrance of Laing distal
myopathy is approximately 85%; it is therefore 85% likely that a sib who inherits a familial pathogenic
variant will have clinical manifestations of the disorder. Considerable intrafamilial variation in severity
has been described in Laing distal myopathy; in one family, some heterozygous individuals were
asymptomatic while others required a wheelchair for mobility [Muelas et al 2010].

o If the proband has a known MYH?7 pathogenic variant that cannot be detected in the leukocyte DNA of
either parent, the recurrence risk to sibs is slightly greater than that of the general population because of
the possibility of parental mosaicism [Lamont et al 2014].

o If the parents have not been tested for the MYH?7 pathogenic variant but are clinically unaffected, the risk
to the sibs of a proband appears to be low. However, sibs of a proband with clinically unaftected parents
are still presumed to be at increased risk for Laing distal myopathy because of the possibility of late onset
of the disorder in a heterozygous parent or parental germline mosaicism.

Offspring of a proband. Each child of an individual with Laing distal myopathy has a 50% chance of inheriting
the MYH?7 pathogenic variant.

Other family members. The risk to other family members depends on the status of the proband's parents: if a
parent is affected and/or is known to have the MYH?7 pathogenic variant, his or her family members are at risk.

Related Genetic Counseling Issues

See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose
of early diagnosis and treatment.

Family planning

o The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.
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o Itisappropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are affected or at risk.

Prenatal Testing and Preimplantation Genetic Testing

Once the MYH?7 pathogenic variant has been identified in an affected family member, prenatal testing for a
pregnancy at increased risk and preimplantation genetic testing for Laing distal myopathy are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion
of these issues may be helpful.

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

« Muscular Dystrophy Association (MDA) - USA
Phone: 833-275-6321
Email: ResourceCenter@mdausa.org
mda.org

« Muscular Dystrophy Canada
Canada
Phone: 800-567-2873
Email: info@muscle.ca
muscle.ca

e Muscular Dystrophy UK
United Kingdom
Phone: 0800 652 6352
musculardystrophyuk.org

Molecular Genetics

Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables
may contain more recent information. —ED.

Table A. Laing Distal Myopathy: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific HGMD ClinVar
Databases

MYH7 14q11.2 Myosin-7 MYH?7 homepage - MYH7 MYH7
Leiden Muscular
Dystrophy pages

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt.
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Laing Distal Myopathy (View All in OMIM)
160500 MYOPATHY, DISTAL, 1; MPD1
160760 MYOSIN, HEAVY CHAIN 7, CARDIAC MUSCLE, BETA; MYH?7


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
http://www.mda.org
http://www.muscle.ca
http://www.musculardystrophyuk.org/
https://www.ncbi.nlm.nih.gov/gene/4625
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=4625
http://www.uniprot.org/uniprot/P12883
https://databases.lovd.nl/shared/genes/MYH7
https://databases.lovd.nl/shared/genes/MYH7
https://databases.lovd.nl/shared/genes/MYH7
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=MYH7
https://www.ncbi.nlm.nih.gov/clinvar/?term=MYH7[gene]
http://www.genenames.org/index.html
http://www.omim.org/
http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app1/
https://www.ncbi.nlm.nih.gov/omim/160500,160760
https://www.ncbi.nlm.nih.gov/omim/160500
https://www.ncbi.nlm.nih.gov/omim/160760
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Molecular Pathogenesis

The MYH?7 variants that cause Laing distal myopathy lie in exons of the gene that code for the myosin rod
domain [Meredith et al 2004, Lamont et al 2014]. They include deletions or insertions of amino acid residues,
missense variants to proline and missense changes that produce a charge reversal, such as glutamate to lysine
[Lamont et al 2014].

The tail of a myosin molecule forms an alpha-helical coiled coil with the tail of another myosin molecule and
through this process forms a dimer [McLachlan & Karn 1982]. In order for an amino acid chain to form a coiled
coil, the amino acids must have a particular seven- (heptad - a,b,c,d,e,f,g) amino-acid repeating structure with
only certain types of amino acid residues allowed in each of the positions - for example, hydrophobic residues at
positions a and d - a structure investigated by Francis Crick before he worked out the structure of DNA [Crick
1953, McLachlan & Karn 1982, Tajsharghi & Oldfors 2013]. Any variants that alter the heptad repeat, such as
deletion or insertion of an amino acid, will affect the ability of the amino-acid chain to form a coiled coil and
tend to destabilize the formation of the myosin dimer.

Similarly, proline residues are not compatible with a coiled coil since they introduce a kink in protein structure
[O'Neil & DeGrado 1990]. There are no prolines normally in the myosin tail [McLachlan & Karn 1982], with the
last invariant proline at the junction between the myosin head and the myosin tail [Achal et al 2016].

Thus, most of the MYH?7 variants associated with Laing distal myopathy would apparently interfere with the
formation of the myosin tail coiled coil [Buvoli et al 2012].

The missense variants causing large charge changes are different. There is a pattern of charge changes along the
length of the myosin rod, which plays a role in the formation of the thick filament [McLachlan & Karn 1982].
The missense variants in the myosin rod associated with Laing distal myopathy that cause a charge reversal such
as p.Glul1856Lys or p.Glu1914Lys may thus interfere with the formation of the thick filament.

The pathogenic mechanism by which these effects on coiled coil or thick filament formation ultimately have the
effects on specific muscles seen in Laing distal myopathy, such as early and severe involvement of the tibialis
anterior, remains a complete mystery. As MYH?7 protein is present in every slow muscle fiber in every muscle in
the human body and in the heart, why then is the pattern of weakness restricted? It may not be possible to model
the effect of Laing distal myopathy myosin variants in any animal other than human beings.

Mechanism of disease causation. Laing distal myopathy occurs via a dominant negative mechanism where the
mutated myosin molecule affects interaction with the normal proteins of the thick filament.

MYH?7-specific laboratory technical considerations. There are no technical issues with analysis of MYH?7 using
next-generation sequencing. The targeted gene panels described by Beecroft et al [2020] give 100% coverage of
the coding exons of MYH7 [Mark Davis, PhD, personal communication].
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Table 8. Notable MYH?7 Pathogenic Variants

DNA Nucleotide Predicted
Reference Sequences . Comment [Reference]
Change Protein Change
C4358T>C p.Leul453Pro Variant assoc w/white matter changes [Lefter et al
2015]
Founder variant in southern Spain [Carbonell-
c.4679G>C p-Argl560Pro Corvillo et al 2018]
Most common recurrent pathogenic variant
c.4849_4851delAAG p-Lys1617del [Meredith et al 2004, Lamont et al 2014]
NM_000257.4 Founder variant in Valencia region of Spain; of
NP_000248.2 ¢.5186_5188delAGA pLys1729del Ttalian origin [Muelas et al 2012]
¢.5378_5380delTGC p-Leul793del Assoc w/cardiac transplant at age 3 & 3.5 yrs
C.5740G>A p.Glu1914Lys [Lamont et al 2014]
Distal myopathy w/left ventricular
hypertrabeculation/
€.5566G>A P .G1u1856Lys non-compaction [Finsterer et al 2014a, Finsterer et
al 2014b]

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of
variants.

GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick
Reference for an explanation of nomenclature.
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