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Summary

Clinical characteristics

Fukuyama congenital muscular dystrophy (FCMD) is characterized by hypotonia, symmetric generalized muscle
weakness, and CNS migration disturbances that result in changes consistent with cobblestone lissencephaly with
cerebral and cerebellar cortical dysplasia. Mild, typical, and severe phenotypes are recognized. Onset typically
occurs in early infancy with poor suck, weak cry, and floppiness. Affected individuals have contractures of the
hips, knees, and interphalangeal joints. Later features include myopathic facial appearance, pseudohypertrophy
of the calves and forearms, motor and speech delays, intellectual disability, seizures, ophthalmologic
abnormalities including visual impairment and retinal dysplasia, and progressive cardiac involvement after age
ten years. Swallowing disturbance occurs in individuals with severe FCMD and in individuals older than age ten
years, leading to recurrent aspiration pneumonia and death.

Diagnosis/testing
The diagnosis of FCMD is established in a proband by identification of biallelic pathogenic variants in FKTN on
molecular genetic testing.

Management

Treatment of manifestations: Physical therapy and stretching exercises, treatment of orthopedic complications,
assistance devices such as long leg braces and wheelchairs, use of noninvasive respiratory aids or tracheostomy,
prompt treatment of acute respiratory tract infections, anti-seizure medication, medical and/or surgical
treatment for gastroesophageal reflux, gastrostomy tube placement when indicated to assure adequate caloric
intake, cardiomyopathy treatment as per cardiologist.

Surveillance: Monitor:

 Respiratory function in individuals with advanced disease;
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For myocardial involvement by chest radiography, EKG, and echocardiography in individuals older than
age ten years;

Gastrointestinal function, and for signs/symptoms of gastroesophageal reflux;

For foot deformities and scoliosis.

Genetic counseling

FCMD is inherited in an autosomal recessive manner. At conception, each sib of an affected individual has a
25% chance of being affected, a 50% chance of being an asymptomatic carrier, and a 25% chance of being
unaffected and not a carrier. Carrier testing for at-risk family members and prenatal diagnosis for pregnancies at
increased risk are possible if the pathogenic variants in the family are known.

Diagnosis

Suggestive Findings

Fukuyama congenital muscular dystrophy should be suspected in individuals with the following clinical,
imaging, laboratory, and histopathology findings.

Clinical findings

Early-infantile onset of hypotonia and weakness with contractures of the hips, knees, and interphalangeal
joints (in 100% of individuals)

Severe motor and speech delays and intellectual disability with relative preservation of social skills (100%)
Static course until early childhood, followed by diffuse and extensive muscle wasting (most prominent
proximally) and later progressive joint contractures (100%)

Myopathic facial appearance (100%)

Pseudohypertrophy of the calves and forearms in late infancy (50%)

Seizures (febrile and/or afebrile) (50%)

Ophthalmologic abnormalities, including visual impairment in 53% and retinal abnormalities in 32%
[Saito & Kobayashi 2001]. Retinal abnormality when present is mild and focal. Retinal dysplasia, a
pathologic diagnosis, is based on the finding of rosettes of immature photoreceptors.

Family history consistent with autosomal recessive inheritance

Neuroimaging findings. MRI reveals the findings of cobblestone lissencephaly comprising five major
abnormalities including the following:

Irregular or pebbled brain surface; broad gyri with a thick cortex (pachygyria) in the frontal, parietal, and
temporal regions; and sometimes areas of small and irregular gyri that resemble polymicrogyria

Dilated lateral ventricles

White matter abnormality with hyperintensity on T-weighted images and hypointensity on T1-weighted
images [Kato et al 2000] indicative of delayed myelination [Kato et al 2006, Kato et al 2010] rather than
dysmyelination

Mild brain stem hypoplasia in some individuals

Cerebellar polymicrogyria and cerebellar cysts (23/25 individuals [Aida et al 1994])

In addition:

The cortex is typically no more than approximately 1 cm in thickness.
The opercula are poorly developed, leaving an open Sylvian fissure.

Laboratory findings. Serum creatine kinase (CK) concentration:
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» Age <6 years: 10-60x above normal
« Age >7 years: 5-20x above normal
 Bedridden individuals: normal

Histopathology. Muscle biopsy:

« Findings are characteristic of muscular dystrophy. Primary feature is interstitial fibrosis without muscle
degeneration and regeneration, which distinguishes Fukuyama congenital muscular dystrophy from
Duchenne muscular dystrophy [Taniguchi et al 2006].

« Immunohistochemical staining using a-dystroglycan antibody reveals selective deficiency of a-
dystroglycan on the surface membrane of skeletal muscle [Hayashi et al 2001].

Note: With the development of molecular genetic testing, muscle biopsy is no longer necessary to establish the
diagnosis of FCMD.

EMG findings are characteristic of muscular dystrophy.

Establishing the Diagnosis

The diagnosis of Fukuyama congenital muscular dystrophy is established in a proband by identification of
biallelic pathogenic (or likely pathogenic) variants in FKTN on molecular genetic testing (see Table 1 and Figure

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 [Richards et al 2015]. Reference to "pathogenic variants" in this GeneReview
is understood to include likely pathogenic variants. (2) Identification of biallelic FKTN variants of uncertain
significance (or of one known FKTN pathogenic variant and one FKTN variant of uncertain significance) does
not establish or rule out the diagnosis.

Molecular genetic testing approaches can include a combination of gene-targeted testing (single-gene testing,
multigene panel) and comprehensive genomic testing (exome sequencing, genome sequencing) depending on
the phenotype.

Gene-targeted testing requires that the clinician determine which gene(s) are likely involved, whereas genomic
testing does not. Because the phenotype of FCMD is broad, individuals with the distinctive findings described in
Suggestive Findings are likely to be diagnosed using gene-targeted testing (see Option 1), whereas those with a
phenotype indistinguishable from many other inherited disorders with muscular dystrophy are more likely to be
diagnosed using genomic testing (see Option 2).

Option 1

When the phenotypic and laboratory findings suggest the diagnosis of FCMD, molecular genetic testing
approaches can include single-gene testing or use of a multigene panel:

« Single-gene testing. For individuals of Japanese, Korean, and/or Chinese ancestry, perform targeted
analysis for the c¢.*4392_*4393insAB185332.1 founder variant first. If only one or no pathogenic variant is
identified, perform sequence analysis of the entire gene.

Note: In persons of Korean descent, if only one or no pathogenic variant is identified, consider sequence
analysis to detect the Korean founder variant ¢.647+2084G>T.

« A muscular dystrophy multigene panel that includes FKTN and other genes of interest (see Differential
Diagnosis) is most likely to identify the genetic cause of the condition while limiting identification of
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Algorithms for FCMD Diagnosis

Clinical diagnosis
Early infantile onset of hypotonia and weakness
Developmental delay with motor, mental, and speech retardation

Contractures of the hips, knees, and interphalangeal joints in infancy
Myopathic facial appearance

—

High serum creatine kinase (CK) concentration

- =

Neuroimaging: MRI

Pachygyria in the frontal, parietal, and temporal regions

Dilatated lateral ventricles

Delayed myelination as shown in white matter hyperintensity in Tz -weighted images
Mild brain stem hypoplasia

Cerebellar polymicrogyria, observed as cerebellar cysts

= _—

Molecular Genetic Testing of FKTN

Figure 1. Diagnostic algorithm for FCMD

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.

Option 2

When the phenotype is indistinguishable from many other inherited disorders characterized by muscular
dystrophy, comprehensive genomic testing (which does not require the clinician to determine which gene[s]
are likely involved) is the best 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.
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Table 1. Molecular Genetic Testing Used in Fukuyama Congenital Muscular Dystrophy

Proportion of Pathogenic Variants 2 Detected by

Method
Gene ! Method
Non-Japanese .
Japanese Asian Non-Asian
c.*4392_*4393insAB185332.1 98% 3 77% > 0%
0,
Targeted €.647+2084G>A 8% 38% 0%
analysis (Korean)
FKTN 0 60%
c.139C>T 7% (Chinese) Rare
Sequence analysis © 8% 7 8% 100% 8
Gene-targeted deletion/duplication analysis ? Rare Rare Rare

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. In an analysis of 107 Japanese individuals with FCMD: 80 (75%) were homozygous for the founder variant; 25 (23%) were
compound heterozygous for ¢.¥4392_*4393insAB185332.1, including nine (8%) with ¢.647+2084G>T and seven (7%) with ¢.139C>T
[Kobayashi et al 2017].

4. In an analysis of 13 Korean individuals with FCMD: three (23%) were homozygous for the ¢.*4392_*4393insAB185332.1 variant;
seven (54%) were compound heterozygous for ¢.*4392_*4393insAB185332.1, including five (38%) with c.647+2084G>T [Lim et al
2010].

5. Yang et al [2015]

6. To detect coding and noncoding pathogenic variants, sequence analysis should include methods to detect deep intronic and splicing
variants, in addition to coding and flanking intronic regions. Sequence analysis detects variants that are benign, likely benign, of
uncertain significance, likely pathogenic, or pathogenic. Variants may include missense, nonsense, and 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.

7. Sequence analysis will not identify the most common founder variant in individuals of Japanese ancestry,
€.*4392_*4393insAB185332.1.

8. Includes identification of Ashkenazi Jewish founder variant ¢.1167_1168insA with a carrier frequency of 0.7% (2/299 individuals)
[Chang et al 2009].

9. 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.

Clinical Characteristics

Clinical Description

Fukuyama congenital muscular dystrophy (FCMD) is characterized by dystrophic changes in the skeletal muscle
and by CNS migration disturbances resulting in cerebral and cerebellar cortical dysplasia. The clinical features
are hypotonia, weakness, and psychomotor retardation. Mild, typical, and severe phenotypes are recognized. The
phenotypic spectrum ranges from a Walker-Warburg syndrome (WWS)-like phenotype at the severe end
[Manzini et al 2008, Chang et al 2009, Yis et al 2011] to a limb-girdle muscular dystrophy-like phenotype at the
mild end [Puckett et al 2009, Yis et al 2011, Fiorillo et al 2013].

Disease onset typically occurs in early infancy. Initial symptoms include poor suck, mildly weak cry, floppiness,
and motor developmental delay. Symmetric generalized muscle weakness and hypotonia are present. Some
infants exhibit poor weight gain.

Predominantly proximal hypotonia manifests as hyperextensibility of the shoulders and trunk. Limitation of hip
extension, hip abduction, and knee extension is also observed and increases with time. "Puffy” cheeks and
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pseudohypertrophy of the calves and forearms are evident in late infancy. Muscles are hard with a fibrous
texture. Deep tendon reflexes are diminished or absent after early infancy. Facial muscle involvement (myopathic
facies) is obvious from age six to 12 months and increases with age [Osawa et al 1997]. Open mouth,
prognathism, and macroglossia become more evident in childhood. Swallowing difficulty develops after age six
years.

Developmental delay and speech delay occur in all individuals. IQ range is usually 30 to 60. In individuals with
mild FCMD, the IQ is more than 35; in individuals with severe FCMD, the 1Q is less than 30. The maximum
development in an individual with typical FCMD often consists of dozens of spoken words, sitting without help,
and sliding along the floor on the buttocks. Individuals with mild FCMD may achieve independent walking or
standing. Individuals with severe FCMD may lack head control or the ability to sit independently.

Social development of individuals with FCMD is not as severely affected as physical and mental abilities [Saito
& Kobayashi 2001]. Children with FCMD tend to be the favorites in their nursery, kindergarten, or primary
school. Even severely affected individuals with FCMD show eye contact, recognize family members, and make
demands through vocalizations. Autistic features are not observed.

Seizures occur in more than 60% of affected individuals [Yoshioka et al 2008]. The average ages of onset of
febrile and afebrile seizures were 5.4 and 4.6 years, respectively, in individuals homozygous for the Japanese
founder variant (c.*4392_*4393insAB185332.1). The average ages of onset of febrile and afebrile seizures were
3.6 and 3.7 years, respectively, in individuals who were compound heterozygous for the Japanese founder variant
and an additional pathogenic variant [Yoshioka et al 2008].

Ocular abnormalities include refractive error (myopia and hypermetropia) in 40%-53% of individuals.
Abnormalities of the retina are seen in 32% of those with more severe FCMD [Chijiiwa et al 1983, Tsutsumi et al
1989, Osawa et al 1997]; however, retinal dysplasia is mild and focal.

In a few individuals with severe FCMD confirmed with molecular genetic testing, severe ocular anomalies
included microphthalmia, retinal detachment, retinal hypoplasia, cataracts, and glaucoma [Mishima et al 1985,
Hino et al 2001, Saito & Kobayashi 2001, Manzini et al 2008, Chang et al 2009]. Of note, the characteristic ocular
findings of muscle-eye-brain disease (MEBD) or WWS (e.g., anterior chamber abnormalities, glaucoma) are not
present in FCMD.

Slowly progressive cardiac involvement is characteristic of FCMD. The clinical progression of cardiac
dysfunction is significantly milder than Duchenne muscular dystrophy (DMD) [Yamamoto et al 2017].
Individuals who live more than ten years tend to develop fibrosis of the myocardium, as evidenced by
postmortem findings [Finsterer et al 2010]. In an evaluation of left ventricular (LV) function using M-mode and
Doppler echocardiography in 34 individuals with FCMD, eight of 11 individuals older than age 15 years showed
decreased LV systolic function [Nakanishi et al 2006]. The brain natriuretic peptide concentration showed no
correlation with age or left ventricular ejection fraction [Yamamoto et al 2017].

Swallowing dysfunction is observed in individuals with infantile FCMD (especially severe FCMD) and also in
individuals older than age ten years with advanced disease. Inability to swallow leads to recurrent aspiration
pneumonia and death [Hill et al 2004].

Murakami et al [2012] reported sudden exacerbation of muscle weakness with marked elevation of serum
creatine kinase (CK) and urinary myoglobin levels a few days after a febrile episode of viral infection,
occasionally leading to death.

Neuropathology. Examination of the brain in FCMD shows changes consistent with cobblestone lissencephaly
with cerebral and cerebellar cortical dysplasia caused by a defect in neuronal migration [Saito et al 2000]. These
changes are similar to but typically less severe than the abnormalities described in MEBD and WWS.


https://www.ncbi.nlm.nih.gov/books/n/gene/dbmd/

Fukuyama Congenital Muscular Dystrophy 7

Infants can show extensive areas of pachygyria over the surface of the cerebral hemispheres, a feature that is
more prominent over the frontal and especially temporal lobes than the parietal and occipital lobes. A variant of
polymicrogyria is frequently noted over the cortical surface of the parieto-occipital lobes.

Cerebellar cysts, lined with the molecular layer and containing leptomeningeal tissue, were observed beneath the
malformed cerebellar cortex or areas of polymicrogyria [Aida 1998]. Although distinctive enough to be
diagnostic of cobblestone lissencephaly, these changes do not distinguish between FCMD and other causes of
MEBD or WWS.

In juvenile and adult cases, the agyric areas are more focal and restricted to the occipital lobes. Lissencephalic or
agyric areas of malformed cortex may alternate with regions of polymicrogyria, based on fusion of gyri and
excessive migration of glio-mesenchymal tissue extending into the subarachnoid space.

A malformed or flat ventral surface of the medulla caused by secondary hypoplasia associated with a small basis
pontis and grooves in the spinal cord has been observed [Saito & Kobayashi 2001].

In fetal cases, neurons and glia migrate through focal defects in the glia limitans, forming verrucous nodules, the
initial manifestation of cortical dysplasia. Thus, the overmigration of CNS parenchyma into subarachnoid spaces
is a pathologic process that is considered essential to the development of cortical dysplasia.

Genotype-Phenotype Correlations

Kondo-Iida et al [1999] and Kobayashi et al [2017] analyzed FKTN in 107 unrelated affected individuals.
Individuals homozygous for the Japanese founder variant ¢.*4392_*4393insAB185332.1 show a milder
phenotype than do compound heterozygotes who have this pathogenic variant in combination with a
pathogenic missense or nonsense variant on the other allele.

The severe phenotype, including WWS-like manifestations such as hydrocephalus and microphthalmia, was
significantly more common in probands who were compound heterozygous for a single-nucleotide variant and
the Japanese founder variant (c.*4392_*4393insAB185332.1) [Yoshioka 2009, Kobayashi et al 2017] than in
probands who were homozygous for the founder variant.

Chang et al [2009] identified a homozygous ¢.1167_1168insA FKTN pathogenic variant in four individuals with
features of WWS.

Godfrey et al [2006], Godfrey et al [2007], Puckett et al [2009], Yis et al [2011], and Fiorillo et al [2013] reported
a milder LGMD phenotype in individuals heterozygous for a pathogenic missense variant / frameshift variant
and homozygous pathogenic missense variants (see Genetically Related Disorders).

Prevalence

FCMD is second in prevalence only to DMD among all subtypes of childhood progressive muscular dystrophy
in Japan, with an incidence of 0.7-1.2 per 10,000 births. Chromosomes bearing the FKTN Japanese founder
variant ¢.*4392_*4393insAB185332.1 are derived from a single ancestral founder, who lived 2,000-2,500 years
ago. It was found in only one of 176 chromosomes in unrelated healthy individuals [Kobayashi et al 1998].

The average occurrence of heterozygous carriers identified in various regions of Japan is one in 188. However, in
Korean populations, one carrier was detected in 935 individuals, and researchers were unable to detect any
heterozygous pathogenic variants in 203 individuals of Mongolian ancestry and 766 individuals from mainland
China [Watanabe et al 2005].

FCMD is pan ethnic, but most common in individuals of Japanese ancestry.
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Genetically Related (Allelic) Disorders

Walker-Warburg syndrome (WWS). Pathogenic variants in FKTN may also be associated with WWS. WWS is
one of the three major phenotypes of the dystroglycanopathies (see Differential Diagnosis).

Other phenotypes associated with germline pathogenic variants in FKTN are summarized in Table 2.

Table 2. Other FKTN-Related (Allelic) Disorders

FKTN-Related (Allelic) Disorder  Reference

Dilated cardiomyopathy Dilated Cardiomyopathy Overview

1 Godfrey et al [2006], Godfrey et al [2007], Puckett et al [2009], Vuillaumier-Barrot et al [2009],

Limb-girdle muscular dystrophy Yis et al [2011]

1. Compound heterozygous FKTN pathogenic variants have been identified in several individuals with limb-girdle muscular dystrophy
type 2M.

Differential Diagnosis

Fukuyama congenital muscular dystrophy (FCMD) is one of the congenital muscular dystrophies, a clinically
and genetically heterogeneous group of inherited muscle disorders characterized by muscle weakness evident at
birth or in early infancy. The main congenital muscular dystrophy (CMD) subtypes are laminin alpha-2
(merosin) deficiency (MDC1A), collagen VI-deficient CMD, the alpha-dystroglycanopathies (caused by
pathogenic variants in POMT1, POMT2, POMGNT1I, FKTN, FKRP, LARGE1, CRPPA (formerly ISPD),
POMGNT2, DAG1, TMEMS5, B3GALNT2, POMK, B4GAT1I, and GMPPB) [Godfrey et al 2007, Godfrey et al
2011, Devisme et al 2012, Lim et al 2013, Kang et al 2015, Bouchet-Séraphin et al 2016, Taniguchi-Ikeda et al
2016] (see Table 3), SELENON (formerly SEPNI)-related CMD (previously known as rigid spine syndrome, or
RSMD1), and LMNA-related CMD (L-CMD).

The three major phenotypes of the alpha-dystroglycanopathies are FCMD, Walker-Warburg syndrome (WWS),
and muscle-eye-brain disease (MEBD) [Taniguchi et al 2003, Voglmeir et al 2011, Carss et al 2013]. The alpha-
dystroglycanopathies are characterized by congenital muscular dystrophy associated with characteristic brain
malformations (cobblestone [type II] lissencephaly and cerebellar malformations), eye malformations (typically
involving the retina), profound intellectual disability, and early death. FCMD is milder than WWS and MEBD,
particularly with respect to brain and ophthalmologic involvement [Bouchet-Séraphin et al 2016, Taniguchi-
Ikeda et al 2016] (see Table 2). The alpha-dystroglycanopathies are inherited in an autosomal recessive manner.

Table 3. Distinguishing Between the Major Phenotypes of the Alpha-Dystroglycanopathies: FCMD, MEBD, and WWS

Severity of Findings Brain MRI
Phenotype Gene(s)
P MD Eye ID Brain stem Cerebellum CC;Srtesbellar Hydrocephalus
Usually Usually
Fukuyama FKTN Moderate Mild Moderate normal; in norma b Observed Rare
CMD to severe rare cases occasionally
hypoplastic ~ small
DAGI !
Muscle-eye-  GMPPB 2
brain disease LARGEI 3 . 5 Almost
(See OMIM  POMGNTI 4 Mild Severe °  Severe always small Always small  Observed =~ Common
PS236670.) POMT1I

POMT2
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Table 3. continued from previous page.
Severity of Findings Brain MRI

Phenotype Gene(s)
MD Eye ID Brain stem Cerebellum Cerebellar Hydrocephalus

cysts
B3GALNT2
B4GAT17
CRPPA (ISPD) 8
DAG1?
FKRP 10
Walker- FKTN Very small &
Warburg GMPPB 2 kinked at
syndrome LARGEI1 3 Mild Severe 10 Severe  junctionof  Very small Observed Almost universal
(See OMIM  POMGNT]I 4 midbrain &
PS236670.)  POMGNT2 11 pons
POMK 12
POMTI 13
POMT2 14
RXYLTI
(TMEMS5) 15

ID = intellectual disability; MD = muscle dystrophy

1. Signorino et al [2018]

2. Astrea et al [2018]

3. Meilleur et al [2014]

4. Fuetal [2017]

5. Severe congenital myopia, congenital glaucoma, pallor of the optic discs, retinal hypoplasia

6. Buysse et al [2013], Stevens et al [2013]

7. Buysse et al [2013]

8. Mutation of CRPPA (ISPD) causes severe WWS but is also a cause of the milder forms such as LGMD |[Cirak et al 2013].
9. Riemersma et al [2015]

10. Yoshioka et al [2017]

11. Manzini et al [2012]

12. Di Costanzo et al [2014]

13. Kang et al [2015]

14. Kitamura et al [2016]

15. Praissman et al [2016]

16. Microphthalmia, retinal detachment, retinal hypoplasia, anterior chamber malformation, cataracts

Management

A consensus statement on standard of care for congenital muscular dystrophies (CMD) has been published
[Wang et al 2010] (full text). Kang et al [2015] (full text) have also published an evidence-based guideline
including management guidelines for individuals with CMD.

Evaluations Following Initial Diagnosis

To establish the extent of disease and needs in an individual diagnosed with Fukuyama congenital muscular
dystrophy (FCMD), the following evaluations (if not performed as part of the evaluation that led to the
diagnosis) are recommended:

« Neurologic evaluation, including EEG and brain MRI

« Developmental assessment including assessment of motor skills, cognition, and speech
« Physical therapy evaluation of joint range of motion

+ Ophthalmologic evaluation


https://omim.org/phenotypicSeries/PS236670
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5207780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4388744/
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 Feeding and swallowing assessment in individuals who lack head control or the ability to sit without
support

« Assessment of caloric intake and nutritional status

« Consultation with a clinical geneticist and/or genetic counselor

Treatment of Manifestations

There is no curative treatment for FCMD. Appropriate multidisciplinary management can prolong survival and
improve the quality of life for individuals with FCMD.

Treatment includes the following:
o Physical therapy and stretching exercises to promote mobility and prevent contractures

« When scoliosis is present, spinal fusion to preserve breathing function and improve sitting balance
[Takaso et al 2010, Hino et al 2017, Saito et al 2017]

« Use of mechanical assistance such as long leg braces to maintain standing posture and wheelchairs to help
mobility

 Use of respiratory aids such as nasal intermittent positive pressure ventilator when indicated [Sato et al
2016]

Note: Noninvasive ventilation is offered, particularly at night, before respiratory distress becomes acute.

» Prompt treatment of acute respiratory tract infections; particularly important, as these infections are the
most common cause of hospital admissions and death in people with FCMD

 Anti-seizure medication when indicated
» Medical and/or surgical treatment for gastroesophageal reflux when indicated
» Gastrostomy tube placement when indicated to assure adequate caloric intake

» Cardiomyopathy treatment as per cardiologist

Surveillance

The following surveillance based on evidence-based guidelines [Kang et al 2015] is intended to promote growth
and potential development, mitigate comorbidities, optimize function, and limit mortality while maximizing
quality of life:

« Clinical evaluation of individuals with seizures at least every three months and EEG every six months

« Monitoring of respiratory function in individuals with advanced FCMD who are older than age ten years.
Those who survive beyond age 20 years may require tracheostomy or noninvasive respiratory support.

« Monitoring of myocardial involvement by chest radiography, EKG, and echocardiography in individuals
older than age ten years

« Observation/evaluation of gastrointestinal function by a qualified specialist, using a video-fluoroscopic
swallow assessment, upper-gastrointestinal tract image, and pH monitor for gastroesophageal reflux

» Monitoring for foot deformities and scoliosis

Evaluation of Relatives at Risk

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

Antisense oligonucleotide therapy. Taniguchi-Ikeda et al [2011] reported that introduction of targeted
antisense oligonucleotides in cell cultures of individuals with FCMD and in model mice rescued normal fukutin
mRNA expression and protein production. Their work has demonstrated the promise of splicing modulation
therapy as a radical clinical treatment for FCMD.

Supplementation therapy. Kanagawa et al [2016] reported that ribitol 5-phosphate is a functional glycan unit in
mammals and that defects in its post-translational modification pathway are a cause of CRPPA- (formerly ISPD),
FKRP-, and FKTN-related alpha-dystroglycanopathies. Since D-ribitol-5-phosphate cytidylyltransferase (also
known as isoprenoid synthase domain-containing protein, or ISPD) deficiency leads to a loss of or severe
reduction in cellular CDP-ribitol, the supplementation of CDP-ribitol may be effective in treating FCMD. Gerin
et al [2016] showed that ribitol supplementation to fibroblasts from individuals with CRPPA pathogenic variants
leads to a partial rescue of alpha-dystroglycan glycosylation.

Gene therapy. The effectiveness of recombinant adeno-associated virus serotype 9-mediated fukutin and FKRP
gene delivery has been demonstrated using FCMD and LGMD model mice, respectively [Kanagawa et al 2013,
Xu et al 2013]. Earlier intervention would be highly preferred [Vannoy et al 2017].

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for information on clinical studies
for a wide range of diseases and conditions.

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

Fukuyama congenital muscular dystrophy (FCMD) is inherited in an autosomal recessive manner.

Risk to Family Members

Parents of a proband

« The parents of an affected child are obligate heterozygotes (i.e., carriers of one FKTN pathogenic variant).
» Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Sibs of a proband

« At conception, each sib of an affected individual has a 25% chance of being affected, a 50% chance of being
an asymptomatic carrier, and a 25% chance of being unaffected and not a carrier.
« Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Offspring of a proband. Individuals with FCMD are not known to reproduce.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a FKTN
pathogenic variant.


https://clinicaltrials.gov/
https://www.clinicaltrialsregister.eu/ctr-search/search
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Carrier (Heterozygote) Detection

Carrier testing for at-risk relatives requires prior identification of the FKTN pathogenic variants in the family.

Related Genetic Counseling Issues
Family planning

« The optimal time for determination of genetic risk, clarification of carrier status, and discussion of the
availability of prenatal testing is before pregnancy.

o Itisappropriate to offer genetic counseling (including discussion of potential risks to offspring and
reproductive options) to young adults who are carriers or are at risk of being carriers.

DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is
unknown). For more information, see Huang et al [2022].

Prenatal Testing and Preimplantation Genetic Testing

Once the FKTN pathogenic variants have been identified in an affected family member, prenatal and
preimplantation genetic testing are possible.

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.
o Cure CMD
Phone: 562-444-5656

www.curecmd.org

o European Neuromuscular Centre (ENMC)
Netherlands
Phone: 31 35 5480481
Email: enmc@enmc.org

enmec.org

 Japan Muscular Dystrophy Association
Japan
Phone: 03-6907-3521

jmda.or.jp

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

mda.org


https://www.ncbi.nlm.nih.gov/books/n/gene/app4/
http://www.curecmd.org
http://www.enmc.org
http://www.jmda.or.jp/
http://www.mda.org
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o Muscular Dystrophy UK
United Kingdom
Phone: 0800 652 6352
musculardystrophyuk.org

« Congenital Muscle Disease International Registry (CMDIR)

The CMDIR is a global partnership of patient advocacy organizations, researchers, and clinicians, all working
toward the same goal: to find treatments for congenital muscle disease.

CMDIR/Cure CMD

cmdir.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. Fukuyama Congenital Muscular Dystrophy: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific HGMD ClinVar
Databases
FKTN 9q31.2 Ribitol-5-phosphate  FKTN homepage - FKTN FKTN
transferase FKTN 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 Fukuyama Congenital Muscular Dystrophy (View All in OMIM)

253800 MUSCULAR DYSTROPHY-DYSTROGLYCANOPATHY (CONGENITAL WITH BRAIN AND EYE ANOMALIES), TYPE
A, 4, MDDGA4

607440 FUKUTIN; FKTN

Molecular Pathogenesis

Introduction. The dystroglycanopathy genes FKTN, FKRP, and CRPPA (formerly ISPD) encode essential
enzymes for the synthesis of the structure: fukutin and ribitol 5-phosphate transferase FKRP (FKRP) transfer
ribitol-phosphate onto sugar chains of alpha-dystroglycan, and D-ribitol-5-phosphate cytidylyltransferase (also
known as isoprenoid synthase domain-containing protein, or ISPD) synthesizes CDP-ribitol, a donor substrate
for fukutin and FKRP [Kanagawa et al 2016]. Fukutin, FKRP, and ISPD are directly involved in the synthesis of
the tandem RboP: fukutin and FKRP are RboP transferases, and ISPD is involved in cellular CDP-ribitol
synthesis [Kanagawa et al 2016]. In addition, TMEMS5 is a UDP-xylosyl transferase enzyme for modification of
ribitol that is in a phosphodiester linkage to the core M3 glycan on alpha-dystroglycan [Praissman et al 2016].

Mechanism of disease causation. Loss of function. FCMD is a disease of ribitol-phosphate deficiency.


http://www.musculardystrophyuk.org/
http://www.cmdir.org
https://www.ncbi.nlm.nih.gov/gene/2218
https://www.ncbi.nlm.nih.gov/genome/gdv/?context=gene&acc=2218
http://www.uniprot.org/uniprot/O75072
http://www.uniprot.org/uniprot/O75072
https://databases.lovd.nl/shared/genes/FKTN
https://databases.lovd.nl/shared/genes/FKTN
https://databases.lovd.nl/shared/genes/FKTN
http://www.hgmd.cf.ac.uk/ac/gene.php?gene=FKTN
https://www.ncbi.nlm.nih.gov/clinvar/?term=FKTN[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/253800,607440
https://www.ncbi.nlm.nih.gov/omim/253800
https://www.ncbi.nlm.nih.gov/omim/607440
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Table 4. Notable FKTN Pathogenic Variants

Reference Sequences

NM_001079802.1
NP_001073270.1

NM_006731.2
NP_006722.2

NM_006731.2

NM_001079802.1
NP_001073270.1

DNA Nucleotide Change

c.1167_1168insA

c.647+2084G>T !

c.*4392_*4393insAB185332.1 %3

c.139C>T

Predicted Protein Change

p-Phe3901lefsTer14

p.Arg216SerfsTer10

p-Arg47Ter

GeneReviews®

Comment [Reference]

Founder variant in
Ashkenazi Jewish [Chang
et al 2009]

Founder variant in Korea
[Lim et al 2010]; 2nd
most common variant in
Japan [Kobayashi et al
2017]

Founder variant in Japan
[Kobayashi et al 1998]

3rd most common
variant in Japan
[Kobayashi et al 2017]

Variants listed in the table have been provided by the author. GeneReviews staft 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.

1. Deep intronic variant of intron that activates a pseudoexon

2. A 3-kb retrotransposon insertion of tandemly repeated sequences in the 3' untranslated region [Kato et al 2004]. Asterisk denotes a
variant in the 3' UTR; the number indicates the nucleotide position beyond the stop codon. AB185332.1 is the accession number of the
sequence of the inserted retrotransposon.

3. Also known as NM_001079802.1:¢.¥4392_4393ins3062

Chapter Notes

Revision History

3 July 2019 (sw) Comprehensive update posted live
« 10 May 2012 (me) Comprehensive update posted live

e 26 January 2006 (me) Review posted live
+ 8 October 2004 (ks) Original submission
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