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Summary

Clinical characteristics

DYNCIH]-related disorders are primarily characterized by an axonal neuropathy with a wide phenotypic
spectrum ranging from a neuromuscular-only phenotype (DYNC1H]I-related neuromuscular disorder, or
DYNCI1HI1-NMD) to phenotypes involving both the central nervous system and peripheral nervous system
referred to collectively as DYNC1H]1-related neurodevelopmental disorder (DYNCIHI-NDD).

DYNCI1HI1-NMD manifestations are limited to the peripheral nervous system and characterized predominantly
by motor neuropathy initially most pronounced in the lower limbs; muscle weakness and atrophy variably
associated with foot deformities, contractures, and other skeletal involvement; and/or delayed motor milestones.

DYNCIHI-NDD manifestations include motor axonal neuropathy and often global developmental delay /
intellectual disability, epilepsy, neurobehavioral/psychiatric manifestations, and movement disorders with or
without malformations of cortical development and/or microcephaly. In an individual with more significant
central nervous system involvement, the motor axonal neuropathy may not be evident clinically and, thus, is
only detected on further evaluation such as electrophysiologic testing.
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Diagnosis/testing

The diagnosis of a DYNCIH1-related disorder is established in a proband with suggestive findings and a
heterozygous pathogenic variant in DYNCIH1 identified by molecular genetic testing.

Management

Treatment of manifestations: For all individuals with a DYNC1H]I-related disorder, supportive treatment typically
includes multidisciplinary care by specialists in pediatric neurology, developmental pediatrics, orthopedics,
physical medicine and rehabilitation, physical therapy, and medical genetics/genetic counseling. For individuals
with DYNC1HI-NDD, supportive treatment often also includes care by specialists in mental health, pediatric
gastroenterology, speech-language pathology, nutrition for feeding difficulties, and ophthalmology.

Surveillance: Monitoring existing manifestations, the individual's response to supportive care, and the emergence
of new manifestations should be performed routinely by members of the multidisciplinary care team.

Genetic counseling

DYNCIH]-related disorders are autosomal dominant disorders typically caused by a de novo pathogenic variant.
Most individuals with DYNCIHI-NMD have the disorder as the result of a de novo pathogenic variant, although
transmission of a DYNCI1H]I pathogenic variant from an affected to parent to an affected child has been reported
in several families. Almost all individuals diagnosed with DYNCIH1-NDD have the disorder as the result of a de
novo pathogenic variant to date. Once the DYNCIH]I pathogenic variant has been identified in an affected
family member, prenatal and preimplantation genetic testing are possible.

GeneReview Scope

DYNCI1H]I-related disorders are primarily characterized by an axonal neuropathy with a wide phenotypic
spectrum ranging from a neuromuscular-only phenotype - referred to as DYNC1H1-related neuromuscular
disorder (DYNC1H1-NMD) - to phenotypes involving both the central nervous system and peripheral nervous
system referred to collectively as DYNCIHI-related neurodevelopmental disorder (DYNC1H1-NDD). The terms
DYNCI1HI1-NMD and DYNCIHI-NDD encompass and replace original designations used to refer to
overlapping aspects of DYNC1H1-related peripheral nervous system features (i.e., Charcot-Marie-Tooth disease
and spinal muscular atrophy with lower extremity predominance) and DYNCIH]I-related central nervous
system features (i.e., autosomal dominant intellectual developmental disorder 13).

DYNCI1HI-Related Disorders

Key Findings
Phenotype 1
PNS Features CNS Features
DYNCI1H]1-related neuromuscular o Motor axonal neuropathy No CNS involvement
disorder (DYNCIHI-NMD) o + delayed motor milestones
o Developmental delay / intellectual
disability
DYNCIH]1-related Motor axonal neuropathy (may be mild at Epilepsy . I
. o . Neurobehavioral/psychiatric
neurodevelopmental disorder initial clinical presentation or masked by manifestations
(DYNCIHI1-NDD) CNS involvement)

o Movement disorders
o + malformations of cortical
development

CNS = central nervous system; PNS = peripheral nervous system
1. Based on Becker et al [2020] & Dafsari et al [2021]
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Diagnosis

Suggestive Findings

A DYNCI1H]1-related disorder should be considered in a proband with the following age-related clinical and
electrophysiologic findings of axonal neuropathy with or without developmental delay / intellectual disability
and related central nervous findings, as well as family history.

DYNC1H1-Related Neuromuscular Disorder (DYNCTH1-NMD)
Axonal neuropathy. At all ages across the phenotypic spectrum of DYNCI1H]1-related disorders:

o Muscle weakness and reduced-to-absent reflexes that can manifest:

o Prenatally/perinatally in fetuses/newborns with severe muscular hypotonia resulting in reduced
fetal movements and contractures;

o Inyoung children as gross motor developmental delays and positive Gower sign and muscle atrophy
in those with significantly decreased strength.

Note that in individuals with primarily central nervous system involvement the signs of axonal neuropathy
may be mild or masked and thus may only be detected on electrophysiologic evaluation.

« Secondary skeletal involvement due to progressive muscle weakness that can manifest:

o Ininfants and toddlers as foot deformities, contractures, spine deformities, and/or congenital hip
dysplasia/dislocation;
o In older individuals due to spastic quadri- or paraparesis.

o Spastic paraparesis first involves the lower limbs, manifesting as gait abnormalities and ataxia progressing
to spastic quadriparesis and akinesia. Upper limb involvement is less pronounced at disease onset but may
progress (over ten to 20 years) during adolescence or adulthood.

Sensory involvement, especially of the lower limbs, may be consistent with a sensory neuropathy.
Electrophysiologic findings

« Nerve conduction studies (NCS) may reveal low/decreased motor amplitude [Beecroft et al 2017, Chen et
al 2017], decreased velocity [Strickland et al 2015], and/or single, small compound muscle action potential
amplitudes as part of the axonal neuropathy [Harms et al 2010].

« Electromyography (EMG) may reveal chronic, axonal neurogenic changes comprising denervation and
faulty reinnervation, large-amplitude and long-duration motor unit potentials, positive sharp waves, giant
potentials during slight contraction, and neurogenic recruitment patterns [Harms et al 2010, Niu et al
2015, Scoto et al 2015, Ding et al 2016, Das et al 2018, Fernandez Perrone et al 2022, Li et al 2022].

« NCS and EMG may be consistent with sensory neuropathy [Weedon et al 2011].

Muscle MRI shows atrophy with fatty replacement/infiltration and compensatory hypertrophy in lower limb
muscles, mostly the quadriceps.

DYNC1H1-Related Neurodevelopmental Disorder (DYNCTH1-NDD)

In addition to axonal neuropathy described above, all individuals with DYNC1H1-NDD have
neurodevelopmental delay with varying degree of (gross or fine) motor, speech, and/or cognitive delay.

Additionally, some individuals manifest the following:
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« Epilepsy, typically infantile onset; multiple seizure types can occur, including infantile epileptic spasms
syndrome and focal and generalized motor seizures (tonic, myoclonic, and tonic-clonic).

 Neurobehavioral/psychiatric manifestations, most commonly attention-deficit hyperactivity disorder
and/or autism spectrum disorder.

« Movement disorders, typically later onset, including resting, intention, or generalized tremor, spastic
grasp, and parkinsonism

Brain MRI abnormalities that may or may not be present comprise a spectrum of severity, including the
following:

» Malformations of cortical development including pachygyria, lissencephaly, polymicrogyria, and other
types of cortical dysgyria

» Dysgenesis or agenesis of the corpus callosum

« Enlarged ventricles

« Gray matter heterotopia

 Pontocerebellar hypoplasia

o White matter abnormalities (less common)

Family History

Because DYNCI1H]1-related disorders are typically caused by a de novo pathogenic variant, most probands
represent a simplex case (i.e., a single occurrence in a family). Rarely, in families with neuromuscular-
predominant phenotypes, the family history may be consistent with autosomal dominant inheritance (e.g.,
affected males and females in multiple generations).

Establishing the Diagnosis

The diagnosis of a DYNCI1H1-related disorder is established in a proband with suggestive findings and a
heterozygous pathogenic (or likely pathogenic) variant in DYNCI1H]1 identified by molecular genetic testing (see
Table 1).

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variant” and "likely
pathogenic variant" are synonymous in a clinical setting, meaning that both are considered diagnostic and can
be used for clinical decision making. Reference to "pathogenic variants" in this GeneReview is understood to
include likely pathogenic variants. (2) Identification of a heterozygous DYNCIH] variant of uncertain
significance does not establish or rule out the diagnosis.

Molecular genetic testing approaches can include a combination of gene-targeted testing (multigene panel) and
comprehensive genomic testing (exome sequencing, genome sequencing). Gene-targeted testing requires that
the clinician determine which gene(s) are likely involved (see Option 1), whereas comprehensive genomic testing
does not (see Option 2).

Note: Single-gene testing (sequence analysis of DYNC1H], followed by gene-targeted deletion/duplication
analysis) is rarely useful and typically NOT recommended.

Option 1

A multigene panel that includes DYNCIH]I and other genes of interest (see Differential Diagnosis) 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
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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.

Option 2

Comprehensive genomic testing does not require the clinician to determine which gene is likely involved.
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 DYNCI1HI-Related Disorders

Proportion of Pathogenic Variants 2
1 p 8
Gene Method Identified by Method
Sequence analysis 3 ~99% 4
DYNCIHI Gene-targeted deletion/duplication 194
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 missense, nonsense, splice site variants and small intragenic deletions/insertions; typically, exon or whole-gene deletions/
duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.

4. Becker et al [2020] and 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 a range of
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted
microarray designed to detect single-exon deletions or duplications. Exome and genome sequencing may be able to detect deletions/
duplications using breakpoint detection or read depth; however, sensitivity can be lower than gene-targeted deletion/duplication
analysis.

Clinical Characteristics

Clinical Description

DYNCI1H]I-related disorders are primarily characterized by an axonal neuropathy with a wide phenotypic
spectrum, ranging from a neuromuscular-only phenotype (DYNCI1H1-related neuromuscular disorder) to
phenotypes involving both the central nervous system and peripheral nervous system referred to collectively as
DYNCIH]I-related neurodevelopmental disorder [Amabile et al 2020, Becker et al 2020, Dafsari et al 2021].

DYNCIH]I-related neuromuscular disorder (DYNC1HI1-NMD). Manifestations are limited to the peripheral
nervous system (PNS) and characterized predominantly by motor neuropathy, initially most pronounced in the
lower limbs; muscle weakness and atrophy variably associated with foot deformities, contractures, and other
skeletal involvement; and/or delayed motor milestones.

DYNCI1H]1-related neurodevelopmental disorder (DYNC1HI1-NDD). Manifestations include motor axonal
neuropathy and global developmental delay / intellectual disability, epilepsy, neurobehavioral/psychiatric
manifestations, and movement disorders with or without malformations of cortical development (MCD) and or
microcephaly. In an individual with more significant central nervous system (CNS) involvement, the motor


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/
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axonal neuropathy may not be evident clinically and thus only detected on further evaluation such as

electrophysiologic testing.

To date, more than 200 individuals with DYNCI1H1-related disorders have been identified [Amabile et al 2020,
Becker et al 2020]. The following comparison of the two phenotypic designations for DYNCIH1-related
disorders is based on these reports (see Figure 1 and Table 2).

Table 2. DYNC1H1-Related Disorders: Comparison of Presentations at Initial Evaluation

Feature

PNS
Findings

CNS
Findings

Motor axonal neuropathy

Reduced lower limb strength

Muscular hypotonia / atrophy in lower

limbs

Lower limb hyporeflexia
Upper limb hyporeflexia
Reduced upper limb strength
Sensory neuropathy

Foot deformities

Spinal deformities
Contractures

Congenital hip dislocation/dysplasia
Abnormal gait

Motor developmental delay
Speech developmental delay
Intellectual disability
Behavioral disorder

Epilepsy

Abnormal movements

Malformations of cortical
development

Microcephaly

Based on Amabile et al [2020] and Becker et al [2020]
+ = present; + = variably present; — = absent

CNS = central nervous system; DYNCIHI-NDD = DYNCI1H]I-related neurodevelopmental disorder; DYNCIHI-NMD = DYNCIH]I-
related neuromuscular disorder; PNS = peripheral nervous system

DYNC1H1-Related Neuromuscular Disorder (DYNCTH1-NMD)

DYNCIHI-NMD

DYNCI1HI-NDD

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

I+

Motor axonal neuropathy. In general, the proximal muscles of the lower limbs initially are most severely
affected, with progression during childhood to the entire proximal lower limbs and subsequently during
adolescence or adulthood to the upper limbs [Harms et al 2010, Tsurusaki et al 2012, Peeters et al 2015, Scoto et
al 2015, Ding et al 2016, Hertecant et al 2016]. Up to 95% of individuals have reduced lower limb muscle

strength and about 20% have reduced upper limb strength [Becker et al 2020].

®
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Figure 1. Venn diagram provides an overview of key phenotypes and clinical entities in DYNCI1H1I-related neuromuscular disorder
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(DYNCIHI1-NMD; indicated in blue) and DYNCI1H]-related neurodevelopmental disorder (DYNCIHI-NDD; indicated in yellow).
Note that motor neuropathy is a unifying feature in most individuals reported to this date.

At bottom is an overview of the domains of cytoplasmic dynein 1 heavy chain 1, the protein encoded by DYNCIH]I. The amino acid
positions within each domain are as follows:

Beginning tail (BT): amino acids 1-299 and 1141-1373
Dimerization: amino acids 300-1140

Linker: amino acids 1374-1867

Motor: amino acids 1868-4221

End tail: amino acids 4222-4646

Reproduced from Becker et al [2020]

Initial findings of lower limb involvement include decreased muscle tone and weakness due to muscle atrophy
and reduced muscle mass. In some infants, decreased fetal movements result in secondary contractures evident
at birth [Scoto et al 2015, Becker et al 2020], including the following:

+ Foot deformities, present in around 50% of individuals, such as pes cavus (in around half of all cases), pes
equinus, pes equinovarus, pes adductus, talus verticalis, shortened forefoot, slender/hammer toes, pes
calcaneus, hyperextension deformities, and bilateral foot drop [Weedon et al 2011, Beecroft et al 2017,
Chen et al 2017, Chan et al 2018, Becker et al 2020, Liu et al 2023]

o Other contractures, present in around 10% of individuals, almost exclusively affecting the lower limb,
including the hips, iliotibial ligament, knees, and Achilles tendon; can also involve the upper limb
(especially the thumbs) [Scoto et al 2015, Amabile et al 2020, Becker et al 2020]. Congenital unilateral or
bilateral hip dysplasia and/or dislocation, a relatively rare manifestation, may be evident prenatally on
ultrasound examination or after birth [Scoto et al 2015].

Sensory involvement, especially of the lower limbs, can include transient paresthesias, neuropathic pain,
reduced or lost proprioception, and reduced response to pinprick, fine touch, and/or vibration. Age-related
progression may manifest during adulthood as leg fatigue and pain [Harms et al 2010].

Motor development is moderately to severely delayed in about 50% of individuals with DYNC1HI-NMD
[Becker et al 2020, Dafsari et al 2021]. An abnormal waddling gait, present in 30% of individuals due to reduced
proprioception and muscle weakness in the proximal lower limbs, is characterized by minor imbalance or
recurrent falls and difficulties in running [Weedon et al 2011, Niu et al 2015, Scoto et al 2015, Becker et al 2020].

As neuropathy progresses, the gait may become ataxic and walking aids such as canes or wheelchairs may be
required [Chan et al 2018].

Other less common motor involvement includes the following:

« Difficulty feeding and poor weight gain due to orofacial hypotonia [Gelineau-Morel et al 2016]
« Rare instances of weakness in the periscapular or extraocular muscles [Weedon et al 2011, Chan et al
2018, Amabile et al 2020]

Histological findings. Click here (pdf) for histologic findings in PNS studies.

DYNC1H1-Related Neurodevelopmental Disorder (DYNCTH1-NDD)

Individuals with DYNCI1H1-NDD exhibit the motor axonal neuropathy described previously for DYNCI1H]I-
NMD, as well as additional variable features.


https://www.ncbi.nlm.nih.gov/books/n/gene/dync1h1-dis/bin/dync1h1-dis-additional_findings.pdf
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Neurodevelopmental delays including motor, speech, and/or cognitive development may occur [Weedon et al
2011, Becker et al 2020]. Developmental regression in these three domains has been reported in a few
individuals [Amabile et al 2020, Yang et al 2021].

« Motor development is moderately to severely delayed in approximately 50% of individuals [Becker et al
2020]. There may be several pathomechanisms underlying motor developmental delay that may include
axonal neuropathy in the PNS or CNS and/or malformations of cortical development.

Note: Delay of gross motor milestones that manifests in the legs only (e.g., walking) may suggest PNS
involvement (i.e., motor axonal neuropathy) in a child with DYNCI1H1-NMD, which usually presents
initially with lower extremity weakness. Upper extremity involvement was only reported in rare instances
[Scoto et al 2015].

« Speech development. Impaired speech development may be present as part of a global
neurodevelopmental disorder in those with intellectual disability (ID) in DYNC1H1-NDD.

« Cognitive development is delayed in around 40% of individuals. The severity ranges from mild learning
problems to severe ID. While there is no clear correlation between brain MRI findings and the degree of
ID, presumably children with severe malformations of cortical development are likely to have more severe
developmental delays [Becker et al 2020].

Neurobehavioral/psychiatric manifestations affect more than 15% of individuals with DYNCIHI-NDD
[Becker et al 2020]. The most common is attention-deficit hyperactivity disorder. Other behavioral disorders
include attention disorders without hyperactivity, dyslexia, autism spectrum disorder, aggressive behavior, and
motor stereotypies [Chan et al 2018, Amabile et al 2020, Becker et al 2020].

Epilepsy. Seizures, reported in nearly 40% of individuals, are infantile onset in about 60% of all individuals with
seizures [Becker et al 2020, Liu et al 2023]. The most common seizure types are focal (27%), followed by
generalized onset (10%) and mixed focal and generalized onset (8%) [Chung et al 2022]. Infantile epileptic
spasms syndrome (IESS) was reported in over 10% of individuals with seizures [Yang et al 2021, Su et al 2022,
Liu et al 2023].

Other reported specific electroclinical syndromes are centrotemporal epilepsy, acquired aphasia syndrome, focal
epilepsy of structural origin, and Lennox-Gastaut syndrome [Liu et al 2023].

Electroencephalography (EEG) may show different patterns according to seizure semiology, including the
following:

» Hypsarrhythmia and high-amplitude ictal rhythmic waves in individuals with IESS. With time
hypsarrhythmia can evolve into an electrographic pattern characterized by focal or multifocal epileptiform
discharges [Yang et al 2021, Su et al 2022].

« Focal or multifocal epileptiform discharges in focal-onset seizures [Matsumoto et al 2021, Ji et al 2022, Liu
et al 2023]

 Generalized spike-wave complexes, irregular polyspikes, and slow waves, mixed theta and delta
frequencies, and periodic spike and slow wave activity in generalized seizures [Yang et al 2021, Liu et al
2023]

o Slow background activity in most affected individuals

Movement disorders. Parkinsonism, reported in one individual with global developmental delay, extrapyramidal
findings (bradykinesia, hypokinesia, cogwheel rigidity, small step walking, difficulty in initiating movements,
hypomimic face, and a resting tremor), responded favorably to treatment with levodopa [Szczaluba et al 2018].

Limb ataxia has been rarely reported [Strickland et al 2015, Fernandez Perrone et al 2022].
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Vocal cord paresis and dysarthria have been rarely reported and may be different from the speech disorders
associated with neurodevelopmental delay [Jamuar et al 2014, Zillhardt et al 2016, Amabile et al 2020].

Brain MRI abnormalities have been detected on in more than 60% of individuals studied and include the
following [Poirier et al 2013, Fiorillo et al 2014, Jamuar et al 2014, Scoto et al 2015, Gelineau-Morel et al 2016,
Hertecant et al 2016, Su et al 2022, Liu et al 2023]:

» Malformations of cortical development including pachygyria (that may resemble lissencephaly),
polymicrogyria, a much broader range of cortical dysgyria (48%), and dysgenesis or agenesis of the corpus
callosum (23%)

« Ventriculomegaly (15%)

o Cerebellar hypoplasia (14%)

 Gray matter heterotopia (11%)

« Brain stem hypoplasia (9%)

Other findings seen in one or a few individuals include abnormalities of the white matter [Gelineau-Morel et al
2016, Chan et al 2018, Liu et al 2023], cortical atrophy [Becker et al 2020], dysmorphic basal ganglia [Poirier et al
2013], schizencephaly [Liu et al 2023], arachnoid cyst [Chan et al 2018], large cerebrospinal fluid spaces
[Hertecant et al 2016], and hydrocephalus [Scoto et al 2015].

Microcephaly, affecting about 5% of individuals, is most often congenital [Poirier et al 2013, Laquerriere et al
2017]. In other individuals, head circumference may be normal at birth, with microcephaly becoming evident
postnatally [Hertecant et al 2016, Laquerriere et al 2017, Becker et al 2020].

Neuropathologic examination. Click here (pdf) for findings from neuropathologic examinations.

Other Findings

The following findings have been observed across the entire phenotypic spectrum of DYNCIH1-related
disorders:

« Ophthalmologic findings, reported in about 10% of individuals, most frequently bilateral cataracts
[Amabile et al 2020]. Other findings include amblyopia, strabismus, and visual impairment [Weedon et al
2011, Gelineau-Morel et al 2016, Chen et al 2017, Becker et al 2020].

« Gastrointestinal manifestations, reported in <5% of individuals, including gastric volvulus; incontinence;
constipation; dysmotility of the stomach, small bowel, and descending and sigmoid colon; postprandial
hypomobility; and omphalocele [Strickland et al 2015, Gelineau-Morel et al 2016, Chan et al 2018,
Amabile et al 2020]

» Congenital anomalies of kidney and urinary tract (CAKUT), reported in <5% of individuals, including
dilatated uropathy [Becker et al 2020]

o Other manifestations, including intermittent painful muscle cramps with moderate exercise [Beecroft et
al 2017], intrauterine growth restriction, hydrops fetalis [Zillhardt et al 2016], osteocutaneous anomalies
(e.g., prominent calcanei, cutis laxa), accessory spleen, congenital anterior diaphragmatic hernia,
syringomyelia [Becker et al 2020], cryptorchidism [Minardi et al 2020], hypospadias [Amabile et al 2020],
celiac disease, and eosinophilic esophagitis [Fernandez Perrone et al 2022].

» Cardiovascular manifestations, perhaps incidental due to their prevalence in the general population,
were reported in <5% of DYNCIH]I-related disorders and include mild aortic valve insufficiency, bicuspid
aortic valve, anomalous pulmonary venous drainage, and atrial septum defect resulting in ventricular
hypertrophy [Amabile et al 2020, Becker et al 2020, Liu et al 2023].


https://www.ncbi.nlm.nih.gov/books/n/gene/dync1h1-dis/bin/dync1h1-dis-additional_findings.pdf
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Genotype-Phenotype Correlations

Several genotype-phenotype correlations have been observed based on the location of pathogenic variants
within the four main functional domains of DYNCIH]I [Becker et al 2020, Dafsari et al 2021] (see Figure 1);
however, limited data to date prevent making more precise determinations.

Beginning tail (comprising amino acids 1-299 and 1141-1373). Pathogenic variants in this region are mainly
associated with DYNCIHI-NDD and behavioral abnormalities.

Dimerization domain (comprising amino acids 300-1140). Pathogenic variants in this region lead to generally
milder, primarily neuromuscular disorders (DYNCIHI-NMD).

Linker domain (comprising amino acids 1374-1867). Pathogenic variants in this region are particularly
associated with DYNCI1HI-NDD and behavioral abnormalities.

Motor domain (comprising amino acids 1868-4221). Pathogenic variants in this domain have been found
mainly in individuals with DYNCIHI1-NDD with malformations of cortical development, epilepsy, and
neurobehavioral/psychiatric manifestations [Amabile et al 2020, Becker et al 2020, Chung et al 2022].

Penetrance

Penetrance in previously reported families with known recurrences is high for DYNC1H]1-related disorders
[Schiavo et al 2013].

It is assumed that penetrance is age-related because of observed disease progression over time [Dafsari et al
2021].

Nomenclature

Phenotypes associated with DYNCI1H]1 pathogenic variants have been classified into distinct clinical entities.
Because these entities have overlapping and often mixed phenotypes, a new holistic classification has been
proposed by Amabile et al [2020], Becker et al [2020], and Dafsari et al [2021] (see Table 3).

Table 3. DYNC1H]I-Related Disorders: Holistic Classification and Original Designations

1

Neurologic Involvement Proposed Holistic Classification Designations Originally Used to Describe Phenotypes

Charcot-Marie-Tooth disease, axonal, type 20

PNS DYNCI1H]-related neuromuscular disorder (CMT20) (OMIM 614228)
(DYNCIHI-NMD) Spinal muscular atrophy, lower extremity-predominant,
1 (SMALED1) (OMIM 158600)
Complex cortical dysplasia with other brain
PNS & CNS DYNCI1H]-related neurodevelopmental disorder ~malformations 13 (also referred to as autosomal
(DYNCIHI1-NDD) dominant intellectual development disorder 13 2y
(OMIM 614563)

CNS = central nervous system; PNS = peripheral nervous system
1. Based on Amabile et al [2020], Becker et al [2020], and Dafsari et al [2021]
2. Formerly "mental retardation, autosomal dominant 13" (MRD13)

Prevalence

The birth prevalence for DYNC1H]I-related disorders is unknown but expected to be low. To date more than 200
individuals have been reported with DYNC1H]I-related disorders (see Clinical Description).


https://omim.org/entry/614228
https://omim.org/entry/158600
https://omim.org/entry/614563
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Genetically Related (Allelic) Disorders

No phenotypes other than those discussed in this GeneReview are known to be associated with germline
heterozygous DYNCIH1 pathogenic variants.

Sporadic tumors (including primary gallbladder cancer, colorectal cancer, and drug-resistant gastric cancer)
occurring as single tumors in the absence of any other findings of DYNCI1H-related disorders frequently
contain a somatic pathogenic variant in DYNCI1H]I (mostly localized in the DYNCIH1 motor domain [Sucularli
& Arslantas 2017, Pan et al 2021]) that is not present in the germline. In these circumstances predisposition to
these tumors is not heritable.

Differential Diagnosis

Because DYNCIH]I-related disorders are clinically indistinguishable from many other inherited disorders with
similar neurologic findings, diagnosing this condition on clinical grounds only without molecular genetic testing
is not feasible. All disorders with neuromuscular and/or neurodevelopmental features without other distinctive
findings should be considered in the differential diagnosis. See:

 Charcot-Marie-Tooth Hereditary Neuropathy Overview
o OMIM Phenotypic Series:
o Autosomal dominant intellectual developmental disorder
o Autosomal recessive intellectual developmental disorder
© Nonsyndromic X-linked intellectual developmental disorder
o Syndromic X-linked intellectual developmental disorder

Specific disorders with a high degree of clinical overlap include those listed in Table 4a (DYNCIHI-related
neuromuscular disorder) and Table 4b (DYNC1H I-related neurodevelopmental disorder).

Table 4a. DYNCIH1-Related Neuromuscular Disorder: Selected Disorders in the Differential Diagnosis

Key Features of Disorder

Gene(s) Disorder MOI Overlapping w/ Distinguishing from
DYNCIHI-NMD DYNCIHI-NMD
More than 80 genes
incl:
GDAPI Charcot-Marie-Tooth disease
GJBI (See Charcot-Marie-Tooth AD Claw hand; "steppage" gait; cold-
HINTI . AR Peripheral neuropathy . ; SCPPage £alh
Hereditary Neuropathy induced muscle cramps
MFN2 Overview) XL
MPZ verview.
pMP22
SH3TC2
SMA, lower extremity- Muscu'lar atrophy; h}rpo—/ N?CI‘OUC fibers; to.e wal'kmg; '
BICD2 : L2 AD  areflexia; malformations of midface hypoplasia; micrognathia;
predominant, 2A & 2B . .
cortical development dysplastic ears; clenched hands
SMNTI SMA AR Proximal muscle weakness due  Facial muscle sparing; tongue

to motor neuronopathy; areflexia fasciculations/fibrillations

Sorbitol dehydrogenase
SORD deficiency w/peripheral AR
neuropathy

Axonal motor peripheral

1 serum sorbitol
neuropathy


https://www.ncbi.nlm.nih.gov/books/n/gene/cmt/
https://www.omim.org/phenotypicSeries/PS156200
https://omim.org/phenotypicSeries/PS249500
https://omim.org/phenotypicSeries/PS309530
https://omim.org/phenotypicSeries/PS309510
https://www.ncbi.nlm.nih.gov/books/n/gene/cmt/
https://www.ncbi.nlm.nih.gov/books/n/gene/cmt/
https://www.ncbi.nlm.nih.gov/books/n/gene/cmt/
https://www.ncbi.nlm.nih.gov/books/n/gene/sma/
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Table 4a. continued from previous page.

Gene(s)

SPTLCI

TRPV4

UBAI

Disorder

SPTLCI-related hereditary
sensory neuropathy

TRPV4-related neuromuscular
disorders (See Autosomal

Dominant TRPV4 Disorders.)

SMA, X-linked infantile

Key Features of Disorder

MOI Overlapping w/

AD

AD

XL

DYNC1HI1-NMD

Cataracts; peripheral axonal
neuropathy; distal hypo-/
areflexia

Peripheral neuropathy w/hypo-
or areflexia

Myopathic facies; skeletal muscle
weakness; areflexia

Distinguishing from
DYNCIHI-NMD

Sensorineural hearing loss;

macular telangiectasia of the eye;

osteomyelitis or necrosis

Sensorineural hearing loss;
abducens & oculomotor nerve
palsy; respiratory failure

Tongue fasciculations; digital
contractures

13

AD = autosomal dominant; AR = autosomal recessive; DYNCIHI1-NMD = DYNC1H]1-related neuromuscular disorder; MOI = mode

of inheritance; SMA = spinal muscular atrophy; XL = X-linked

1. Yang et al [2021]

2. Marchionni et al [2021]
3. Kramarz & Rossor [2022]

Table 4b. DYNCIH1-Related Neurodevelopmental Disorder: Selected Disorders in the Differential Diagnosis

Gene(s)

DCX

EPG5

KIF2A

KIF5C

PAFAHIBI (LISI)

TUBAIA

TUBB2B

TUBB3

TUBGI

Disorder

DCX-related lissencephaly (See
DCX-Related Disorders.)

Vici syndrome (See EPG5-Related
Disorder.)

Complex cortical dysplasia w/other
MCD 3 (OMIM 615411) 1

Complex cortical dysplasia w/other
MCD 2 (OMIM 615282) !

PAFAHI1BI-related lissencephaly /
subcortical band heterotopia

TUBA1A-related lissencephaly (See
Tubulinopathies Overview.)

Complex cortical dysplasia w/other
brain malformations (See
Tubulinopathies Overview.)

Complex cortical dysplasia w/other
brain malformations (See
Tubulinopathies Overview.)

Complex cortical dysplasia w/other
MCD (See Tubulinopathies
Overview.)

MOI

AD

AD

AD

AD

AD

AD

AD

Key Features of Disorder

Overlapping w/
DYNCIHI-NDD

Lissencephaly; seizures;
spasticity; ataxia; dysarthria

Callosal abnormalities; muscle
weakness & hyporeflexia; cataract

Microcephaly; pachygyria; thin
corpus callosum; seizures; spastic
tetraplegia

Microcephaly; polymicrogyria;
seizures; arthrogryposis; spastic
tetraplegia

Microcephaly; lissencephaly;

seizures; spastic quadriparesis

Microcephaly; MCD; seizures;
spastic tetraplegia

Microcephaly; MCD; seizures

Microcephaly; MCD; seizures;
hypoplastic brain stem; axial
hypotonia

Microcephaly; MCD; seizures;
spastic tetraplegia; cataract

Distinguishing from
DYNCI1HI-NDD

Agyria; subcortical band or
laminar heterotopia

Hypopigmentation, primary
immunodeficiency;
cardiomyopathy

Subcortical band heterotopia;
agyria; nystagmus

Thin cortex; cerebellar & brain
stem hypoplasia

Subcortical band heterotopia

Agyria; subcortical laminar
heterotopia

Oromotor dyspraxia

Nystagmus

Posterior agyria; thick cortex;
subcortical band heterotopia


https://www.ncbi.nlm.nih.gov/books/n/gene/hsn1/
https://www.ncbi.nlm.nih.gov/books/n/gene/hsn1/
https://www.ncbi.nlm.nih.gov/books/n/gene/cmt2c/
https://www.ncbi.nlm.nih.gov/books/n/gene/cmt2c/
https://www.ncbi.nlm.nih.gov/books/n/gene/sma-xli/
https://www.ncbi.nlm.nih.gov/books/n/gene/dcx/
https://www.ncbi.nlm.nih.gov/books/n/gene/epg5/
https://www.ncbi.nlm.nih.gov/books/n/gene/epg5/
https://omim.org/entry/615411
https://omim.org/entry/615282
https://www.ncbi.nlm.nih.gov/books/n/gene/chrom17-lis/
https://www.ncbi.nlm.nih.gov/books/n/gene/chrom17-lis/
https://www.ncbi.nlm.nih.gov/books/n/gene/tubulin-ov/
https://www.ncbi.nlm.nih.gov/books/n/gene/tubulin-ov/
https://www.ncbi.nlm.nih.gov/books/n/gene/tubulin-ov/
https://www.ncbi.nlm.nih.gov/books/n/gene/tubulin-ov/
https://www.ncbi.nlm.nih.gov/books/n/gene/tubulin-ov/
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Table 4b. continued from previous page.
Key Features of Disorder

Gene(s) Disorder MOI Overlapping w/ Distinguishing from
DYNCI1HI-NDD DYNC1HI-NDD

Microcephaly; MCD; seizures;

WDR62 WDR62 primary microcephaly AR . . .
spastic quadriparesis

AD = autosomal dominant; AR = autosomal recessive; DD = developmental delay; DYNC1HI-NDD = DYNCI1H]I-related
neurodevelopmental disorder; MCD = malformations of cortical development; MOI = mode of inheritance; XL = X-linked
1. Poirier et al [2013]

Management

No clinical practice guidelines for DYNC1H]-related disorders have been published. In the absence of published
guidelines, the following recommendations are based on the authors' personal experience managing individuals
with this disorder.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with a DYNC1H]I-related disorder, the
evaluations summarized in Table 5 (if not performed as part of the evaluation that led to the diagnosis) are
recommended.

Table 5. DYNC1H]I-Related Disorders: Recommended Evaluations Following Initial Diagnosis
System/Concern Evaluation Comment

To incl a comprehensive assessment esp of lower extremities:

« Hyporeflexia, muscle tone, strength, & atrophy
«  Gower sign

Peripheral neuropathy / Consider:

Spinal muscular atrophy Neurologic exam
« NCS/EMG to document presence of motor axonal

neuropathy
o Muscle MRI for identifying atrophy, fatty replacement, &/or
compensatory hypertrophy

To incl assessment of:

« Gross motor & fine motor skills
Foot deformities, limb contractures, spine deformities, &
hip dysplasia

o Mobility, ADL, & need for adaptive devices

o Need for PT (to improve gross motor skills) &/or OT (to
improve fine motor skills)

Orthopedics / physical medicine

Musculoskeletal & rehab / PT & OT eval


https://www.ncbi.nlm.nih.gov/books/n/gene/wdr62-pm/
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Table 5. continued from previous page.
System/Concern Evaluation Comment

To incl assessment of:

» Baseline brain MRI for structural CNS abnormalities

o Head circumference for head growth abnormalities

o EEG (Consider initiation of appropriate ASM if seizures are
a concern.)

o Movement disorders or abnormal movements

o Gross & fine motor skills, language & cognitive
development

o Behavioral disorders

By pediatric neurologist /

CNS involvement Lo
developmental pediatrician

» To incl motor, adaptive, cognitive, & speech-language eval

Development Developmental assessment . . . . :
P p « Evaluation for early intervention / special education

For persons age >12 mos: screening for concerns incl sleep
Mental health eval disturbances, ADHD, anxiety, aggressive behavior, motor
stereotypies, &/or findings suggestive of ASD

Neurobehavioral/psychiatric
manifestations

By pediatric gastroenterologist /| To incl eval of aspiration risk & nutritional status
Feeding difficulties & failure YP § o « Consider eval for gastrostomy tube placement in those w/
. . speech-language pathologist / o o . .
to gain weight dietician dysphagia, high risk of aspiration, &/or poor weight gain.
« Assess gastrointestinal motility.
To assess for congenital cataracts, strabismus, vision loss, &

By (pediatric) ophthalmologist ~amblyopia that may require referral for subspecialty care &/or low
vision services.

Ophthalmologic
involvement

To obtain a pedigree & inform affected persons & their families re
Genetic counseling By genetics professionals ! nature, MOI, & implications of DYNCI1H1-related disorders to
facilitate medical & personal decision making

Assessment of family & social structure to determine need for:

Family support By clinicians, wider care team, & « Community or online resources such as Parent to Parent
& resources family support organizations  Social work involvement for parental support
o Home nursing referral

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; ASM = anti-seizure medication; ASD = autism
spectrum disorder; CNS = central nervous system; EMG = electromyography; MOI = mode of inheritance; NCS = nerve conduction
studies; OT = occupational therapy; PT = physical therapy

1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations

There is no cure for DYNCIHI-related disorders. Supportive care to improve quality of life, maximize function,
and reduce complications is recommended. This ideally involves multidisciplinary care by specialists in
neurology, physiatry, orthopedics, and physical and occupational therapy (see Table 6).

Table 6. DYNCI1H1-Related Disorders: Treatment of Manifestations

Manifestation/Concern Treatment Considerations/Other

« PT&OT
Peripheral neuropathy / o Referral for early intervention & See Developmental Delay / Intellectual Disability
Spinal muscular atrophy developmental support Management Issues.

o Neuropathic pain therapy as indicated


https://www.p2pusa.org/
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Table 6. continued from previous page.

Manifestation/Concern

Musculoskeletal

CNS involvement

Developmental delay /
Intellectual disability

Epilepsy

Movement disorders

Neurobehavioral/psychiatric
manifestations

Feeding difficulties & failure
to gain weight

Eyes

Treatment

o Orthopedics / physical medicine &
rehab / PT & OT incl stretching to help
avoid contractures as needed

« Consider need for positioning & mobility
devices (e.g., walking aids, orthopedic
shoes, ankle-foot orthoses, forearm
crutches or cane for gait stability, &/or
wheelchairs / mobility scooters.

Neurologic screening & monitoring incl
symptomatic treatment of persons w/brain
malformations as indicated

See Developmental Delay / Intellectual Disability
Management Issues.

Standardized treatment w/ASM by experienced
neurologist

Treatment for movement disorders

Treatment of ADHD (incl consideration of
medication) &/or ASD

 Nutritional supplementation as directed
by dietitian &/or nutritionist

o Feeding therapy

« Gastrostomy tube placement may be
required for persistent feeding issues.

Ophthalmologist

Ophthalmic subspecialist

Low vision services

GeneReviews®

Considerations/Other

« Stretching & muscle strengthening
exercises as needed
Consider orthopedic surgery as needed
(e.g., to correct severe pes cavus
deformity, kyphoscoliosis).

o Treatment of neuropathic or
musculoskeletal pain as needed

o Many ASMs may be effective; none has
been demonstrated effective specifically
for this disorder.

o Infantile spasms are particularly
refractory to ASM. Vigabatrin has been
reported as effective in individuals w/
IESS. !

« Education of parents/caregivers 2

 Antispasticity medications (i.e., oral
baclofen or botulinum toxin injections),
levodopa in case of parkinsonism, surgical
tendon release

« Mobility, ADL, & need for adaptive
devices

See Developmental Delay / Intellectual Disability
Management Issues.

Low threshold for clinical feeding evaluation
&/or radiographic swallowing study when
showing clinical signs or symptoms of dysphagia

Refractive errors, strabismus

More complex findings (e.g., cataract, retinal
dystrophy)

« Children: through early intervention
programs &/or school district

o Adults: low vision clinic &/or community
vision services / OT / mobility services
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Table 6. continued from previous page.
Manifestation/Concern Treatment Considerations/Other

o Ensure appropriate social work
involvement to connect families w/local
resources, respite, & support.

o Coordinate care to manage multiple
subspecialty appointments, equipment,
medications, & supplies.

Family/Community Ongoing assessment of need for home nursing

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; ASD = autism spectrum disorder; ASM = anti-
seizure medication; CNS = central nervous system; IESS = infantile epileptic spasms syndrome; OT = occupational therapy; PT =
physical therapy

1. Liu et al [2023]

2. Education of parents/caregivers regarding common seizure presentations is appropriate. For information on non-medical
interventions and coping strategies for children diagnosed with epilepsy, see Epilepsy Foundation Toolbox.

Developmental Delay / Intellectual Disability Management Issues

The following information represents typical management recommendations for individuals with developmental
delay / intellectual disability in the United States; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical,
speech, and feeding therapy as well as infant mental health services, special educators, and sensory impairment
specialists. In the US, early intervention is a federally funded program available in all states that provides in-
home services to target individual therapy needs.

Ages 3-5 years. In the US, developmental preschool through the local public school district is recommended.
Before placement, an evaluation is made to determine needed services and therapies and an individualized
education plan (IEP) is developed for those who qualify based on established motor, language, social, or
cognitive delay. The early intervention program typically assists with this transition. Developmental preschool is
center based; for children too medically unstable to attend, home-based services are provided.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of
appropriate community, state, and educational agencies (US) and to support parents in maximizing quality of
life. Some issues to consider:

« IEP services:

o An IEP provides specially designed instruction and related services to children who qualify.

o IEP services will be reviewed annually to determine whether any changes are needed.

o Special education law requires that children participating in an IEP be in the least restrictive
environment feasible at school and included in general education as much as possible, when and
where appropriate.

o Vision and hearing consultants should be a part of the child's IEP team to support access to
academic material.

o PT, OT, and speech services will be provided in the IEP to the extent that the need affects the child's
access to academic material. Beyond that, private supportive therapies based on the affected
individual's needs may be considered. Specific recommendations regarding type of therapy can be
made by a developmental pediatrician.

o As a child enters the teen years, a transition plan should be discussed and incorporated in the IEP.
For those receiving IEP services, the public school district is required to provide services until age
21.

o A 504 plan (Section 504: a US federal statute that prohibits discrimination based on disability) can be
considered for those who require accommodations or modifications such as front-of-class seating,


https://www.epilepsy.com/tools-resources/forms-resources#Epilepsy-Foundation-Toolbox
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assistive technology devices, classroom scribes, extra time between classes, modified assignments, and
enlarged text.

« Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a US public
agency that provides services and support to qualified individuals. Eligibility differs by state but is typically
determined by diagnosis and/or associated cognitive/adaptive disabilities.

o Families with limited income and resources may also qualify for supplemental security income (SSI) for
their child with a disability.

Motor Dysfunction
Gross motor dysfunction

o Physical therapy is recommended to maximize mobility and to reduce the risk for later-onset orthopedic
complications (e.g., contractures, scoliosis, hip dislocation).

« Consider use of durable medical equipment and positioning devices as needed (e.g., wheelchairs, walkers,
bath chairs, orthotics, adaptive strollers).

 For muscle tone abnormalities and movement disorders including hypertonia or dystonia, consider
involving appropriate specialists to aid in management of baclofen, tizanidine, botulinum toxin, anti-
parkinsonian medications, or orthopedic procedures.

Fine motor dysfunction. Occupational therapy is recommended for difficulty with fine motor skills that affect
adaptive function such as feeding, grooming, dressing, and writing.

Oral motor dysfunction should be assessed at each visit and clinical feeding evaluations and/or radiographic
swallowing studies should be obtained for choking/gagging during feeds, poor weight gain, frequent respiratory
illnesses, or feeding refusal that is not otherwise explained. Assuming that the child is safe to eat by mouth,
feeding therapy (typically from an occupational or speech therapist) is recommended to help improve
coordination or sensory-related feeding issues. Feeds can be thickened or chilled for safety. When feeding
dysfunction is severe, an NG-tube or G-tube may be necessary.

Communication issues. Consider evaluation for alternative means of communication (e.g., augmentative and
alternative communication [AAC]) for individuals who have expressive language difficulties. An AAC evaluation
can be completed by a speech-language pathologist who has expertise in the area. The evaluation will consider
cognitive abilities and sensory impairments to determine the most appropriate form of communication. AAC
devices can range from low-tech, such as picture exchange communication, to high-tech, such as voice-
generating devices. Contrary to popular belief, AAC devices do not hinder verbal development of speech, but
rather support optimal speech and language development.

Neurobehavioral/psychiatric manifestations. Children may qualify for and benefit from interventions used in
treatment of autism spectrum disorder, including applied behavior analysis (ABA). ABA therapy is targeted to
the individual child's behavioral, social, and adaptive strengths and weaknesses and typically performed one on
one with a board-certified behavior analyst.

Consultation with a developmental pediatrician may be helpful in guiding parents through appropriate behavior
management strategies or providing prescription medications, such as medication used to treat attention-deficit/
hyperactivity disorder, when necessary.

Concerns about serious aggressive or destructive behavior can be addressed by a pediatric psychiatrist.

Surveillance

To monitor existing manifestations, the individual's response to supportive care, and the emergence of new
manifestations, the evaluations summarized in Table 7 are recommended.


https://www.asha.org/NJC/AAC/
https://www.asha.org/NJC/AAC/
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Table 7. DYNC1H1-Related Disorders: Recommended Surveillance
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System/Concern Evaluation Frequency
Musculoskeletal Assessment by a netu.romuscular sp.ec1ahst, OT/PT
assessment of mobility, self-help skills
« Monitor those w/seizures as clinically indicated. Every 6-12 mos throughout infancy &
Neurology o Assess for new manifestations such as seizures, childhood, then annually
changes in tone, & movement disorders.
Development Monitor developmental progress & educational needs.
Neurobehavioral/ Assessment for anxiety, ADHD, ASD, aggression, & self-

psychiatric manifestations

injury

o Measurement of growth parameters

Annually

Every 6-12 mos throughout infancy &

Feeding « Eval of nutritional status & safety of oral intake childhood, then annually
Gastrointestinal Monitor for constipation. Annually
Ophthalmologic Ophthalmologic screening As directed by treating ophthalmologist(s)/
involvement Low vision services clinician(s)
Assess family need for social work support (e.g.,
Family/Community palliative/respite care, home nursing, other local At least 2x annually in 1st 2 yrs of life, then

Transition to adult care

resources), care coordination, or follow-up genetic
counseling if new questions arise (e.g., family planning).

Develop realistic plans for adult life (see American
Epilepsy Society Transitions from Pediatric Epilepsy to
Adult Epilepsy Care).

annually; more visits if needed

Starting by age ~10 yrs

ADHD = attention-deficit/hyperactivity disorder; ASD = autism spectrum disorder; OT = occupational therapy; PT = physical therapy

Evaluation of Relatives at Risk

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
DYNCIH]-related disorders are autosomal dominant disorders typically caused by a de novo pathogenic variant.

o Most individuals with DYNCIH]I-related neuromuscular disorder (DYNCIHI1-NMD) have the disorder as
the result of a de novo pathogenic variant, although transmission of a DYNCIH]I pathogenic variant from
an affected parent to an affected child has been reported in several families.


https://www.aesnet.org/docs/default-source/pdfs-clinical/aestransitionspracticetool-devdelayedfinalapproved4-21-132.pdf
https://www.aesnet.org/docs/default-source/pdfs-clinical/aestransitionspracticetool-devdelayedfinalapproved4-21-132.pdf
https://www.aesnet.org/docs/default-source/pdfs-clinical/aestransitionspracticetool-devdelayedfinalapproved4-21-132.pdf
https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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 Almost all individuals diagnosed to date with DYNC1H]I-related neurodevelopmental disorder
(DYNCIHI-NDD) have the disorder as the result of a de novo pathogenic variant.

Risk to Family Members
Parents of a proband

« Most individuals diagnosed with a DYNC1H]I-related disorder have the disorder as the result of a de novo
pathogenic variant.

 Very few individuals diagnosed with a DYNCIH-related disorder have an affected parent.
o Several large families with DYNCIH1-NMD have been reported [Beecroft et al 2017].
o Transmission of a DYNCI1H]I pathogenic variant from a parent with malformations of cortical
development and epilepsy to two affected children has been reported in one family [Poirier et al
2013, Chung et al 2022].

o If the proband appears to be the only affected family member (i.e., a simplex case), molecular genetic
testing is recommended for the parents of the proband to evaluate their genetic status and to inform
recurrence risk assessment.

o If the pathogenic variant identified in the proband is not identified in either parent and parental identity
testing has confirmed biological maternity and paternity, the following possibilities should be considered:

o The proband has a de novo pathogenic variant.

o The proband inherited a pathogenic variant from a parent with germline (or somatic and germline)
mosaicism [Zillhardt et al 2016].* Note: Testing of parental leukocyte DNA may not detect all
instances of somatic mosaicism and will not detect a pathogenic variant that is present in the germ
(gonadal) cells only.

* A parent with somatic and germline mosaicism for a DYNC1H]I pathogenic variant may be
mildly/minimally affected.

o The family history of some individuals diagnosed with DYNC1HI-NMD may appear to be negative
because of failure to recognize the disorder in family members or age-related reduced penetrance.
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 Ifa 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%.

o Ifthe DYNCIHI pathogenic variant identified in the proband 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 germline mosaicism (maternal germline mosaicism was reported in a family in
which two fetuses were found to have malformations of cortical development) [Zillhardt et al 2016].

« If the parents have not been tested for the DYNCIH1I 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 DYNCIHI1-NMD because of the possibility of
parental germline mosaicism.

Offspring of a proband
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« Each child of an individual with DYNCIHI-NMD has a 50% chance of inheriting the DYNCIH1
pathogenic variant.

o Individuals with severe DYNCIHI-NDD are not known to reproduce; however, many are not yet of
reproductive age.

Other family members. The risk to other family members depends on the status of the proband's parents: if a
parent has the DYNC1H]1 pathogenic variant, the parent's family members may be at risk.

Related Genetic Counseling Issues
Family planning

o The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

« Itis appropriate 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 DYNCIH]I pathogenic variant has been identified in an affected family member, prenatal and
preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of
prenatal and preimplantation genetic testing. While most centers would consider use of prenatal and
preimplantation genetic 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.

« DYNCI1H]1 Association
Email: contact@dynclhl.org
www.dynclhl.org

o American Association on Intellectual and Developmental Disabilities (AAIDD)
Phone: 202-387-1968
aaidd.org

« CDC - Child Development
Phone: 800-232-4636
Developmental Disability Basics

o Charcot-Marie-Tooth Association (CMTA)
Phone: 800-606-2682 (toll-free); 610-427-2971
Email: info@cmtausa.org
www.cmtausa.org

o CMT Research Foundation
Phone: 404-806-7180
Email: info@cmtrf.org
www.cmtrf.org


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
https://www.dync1h1.org/
https://www.aaidd.org
https://www.cdc.gov/child-development/about/developmental-disability-basics.html
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o European Neuromuscular Centre (ENMC)
Netherlands
Phone: 31 35 5480481
Email: enmc@enmc.org
WWW.eNmec.org

» Hereditary Neuropathy Foundation
Phone: 855-435-7268 (toll-free); 212-722-8396
Fax: 917-591-2758
Email: info@hnf-cure.org
www.hnf-cure.org

e MedlinePlus
Intellectual Disability

« VOR: Speaking out for people with intellectual and developmental disabilities
Phone: 877-399-4867
Email: info@vor.net
www.vor.net

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. DYNC1H]1-Related Disorders: Genes and Databases

Gene Chromosome Locus  Protein Locus-Specific HGMD ClinVar
Databases
DYNCIHI 14q32.31 Cytoplasmic dynein 1 alsod/DYNC1H1 DYNCIH1 DYNCIH1
heavy chain 1 genetic mutations

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 DYNCI1HI1-Related Disorders (View All in OMIM)
158600 SPINAL MUSCULAR ATROPHY, LOWER EXTREMITY-PREDOMINANT, 1, AUTOSOMAL DOMINANT; SMALED1
600112 DYNEIN, CYTOPLASMIC 1, HEAVY CHAIN 1; DYNCIH1
614228 CHARCOT-MARIE-TOOTH DISEASE, AXONAL, TYPE 20; CMT20
614563 CORTICAL DYSPLASIA, COMPLEX, WITH OTHER BRAIN MALFORMATIONS 13; CDCBM13

Molecular Pathogenesis

DYNCIHI encodes cytoplasmic dynein 1 heavy chain 1, a large protein that is a crucial component of the
intracellular motor complex for vesicular trafficking along microtubules vital for retrograde axonal transport in
neurons. Cytoplasmic dynein 1 heavy chain 1 also plays a role in the regulation and maintenance of the Golgi
apparatus, spindle pole organization, nuclear migration and positioning, and recruitment of other dynein
subunits [Schiavo et al 2013, Amabile et al 2020, Li et al 2022].

The cytoplasmic dynein 1 heavy chain 1 complex comprises a core of dimerized heavy chains [Hoang et al 2017].
The C-terminal region (amino acid residues 1846-4646) is the motor domain complex; it is arranged as a
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https://www.ncbi.nlm.nih.gov/gene/1778
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heptameric ring with seven AAA domains and a stalk from which protrudes a microtubule-binding domain.
While the precise pathomechanisms of DYNCI1H]-related disorders remain largely elusive, several genotype-
phenotype correlations have been observed based on the location of pathogenic variants within the four main
functional domains of the gene [Becker et al 2020, Dafsari et al 2021] (see Genotype-Phenotype Correlation).

Mechanism of disease causation. Preliminary data available to date suggest the mechanism of disease causation
is loss of function.

Variants of uncertain significance. To evaluate variants of uncertain significance in a child with an unknown
phenotype, nerve conduction studies or a nerve and/or muscle biopsy may support diagnosis of peripheral nerve
involvement in DYNCIH]I-related neuromuscular disorder.

Chapter Notes
Author Notes

Birk Moller and Hormos Dafsari are actively involved in clinical research regarding individuals with DYNCI1H]I-
related disorders. They would be happy to communicate with persons who have any questions regarding
diagnosis of DYNC1H]I-related disorders or other considerations.

Hormos Dafsari and Heinz Jungbluth are also interested in hearing from clinicians treating families affected by
innate errors of autophagy and intracellular trafficking in whom no causative variant has been identified through
molecular genetic testing of the genes known to be involved in this group of disorders.

Contact Hormos Dafsari to inquire about review of DYNCI1H]1 variants of uncertain significance.
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