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Summary

Disease characteristics. Central core disease (CCD) is characterized by muscle weakness
ranging from mild to severe. Most affected individuals have mild disease with symmetric
proximal muscle weakness and variable involvement of facial and neck muscles. The extraocular
muscles are often spared. Motor development is usually delayed, but in general, most affected
individuals acquire independent ambulation. Life span is usually normal. Severe disease is early
in onset with profound hypotonia often accompanied by poor fetal movement, spinal deformities,
hip dislocation, joint contractures, poor suck, and respiratory insufficiency requiring assisted
ventilation. The outcome ranges from death in infancy to survival beyond age five years.
Typically the weakness in CCD is not progressive.

Diagnosis/testing. The diagnosis of CCD is based on clinical findings of muscle weakness, the
histopathologic findings of characteristic cores on muscle biopsy, and molecular genetic testing.
Most CCD is associated with mutations in RYRI, the gene encoding the ryanodine receptor 1.
Molecular genetic testing of RYR/ is available clinically.

Management. Treatment of manifestations: physical therapy for hypotonia and weakness that
may include stretching and mild to moderate low-impact exercise; assistive devices as needed for
ambulation; orthopedic surgery as needed for scoliosis, congenital hip dislocation, foot
deformities; respiratory support, breathing exercises, chest physiotherapy as needed; dietary
supplementation and nasogastric or gastrostomy feeding as needed.

Prevention of secondary complications: intervention as needed to prevent respiratory
compromise from scoliosis; immunization against influenza; prompt treatment of respiratory
infection; mobility and physical therapy to prevent joint contractures.

Surveillance: routine assessment of spine for scoliosis, joints for contractures, respiratory
parameters (e.g., respiratory rate, peak expiratory flow rate [PEFR], forced vital capacity [FVC],

_28_.



GeneReviews
Pagon RA, Bird TD, Dolan CR, et al., editors.
Seattle (WA): University of Washington, Seattle; 1993-

and forced expiratory volume in one second [FEV1]), motor abilities to determine need for
physical therapy, occupational therapy, assistive devices; sleep studies when signs of nocturnal
hypoxia are present.

Agents/circumstances to avoid: Although the actual risk for malignant hyperthermia
susceptibility is unknown, it is prudent for individuals with CCD to avoid inhalational
anesthetics and succinylcholine.

Testing of relatives at risk: If the RYRI mutation is known, it is appropriate to offer at-risk
relatives molecular genetic testing to identify those with possible increased malignant
hyperthermia susceptibility.

Genetic counseling. Central core disease (CCD) is usually inherited in an autosomal dominant
(AD) manner but can be inherited in an autosomal recessive (AR) manner. Most individuals
diagnosed with AD central core disease have an affected parent or an asymptomatic parent who
has a disease-causing mutation. The proportion of AD CCD caused by de novo mutations is
unknown. Each child of an individual with AD CCD has a 50% chance of inheriting the mutation.
The parents of a child with AR CCD are obligate heterozygotes and therefore carry one mutant
allele. Heterozygotes (carriers) are often asymptomatic. At conception, each sib of an individual
with AR CCD 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. Prenatal diagnosis for
pregnancies at increased risk for AD or AR CCD is possible once the disease-causing
mutation(s) has/have been identified in an affected family member.

Diagnosis

Clinical Diagnosis

The diagnosis of central core disease (CCD) is based on a combination of clinical findings of
muscle weakness and histopathologic findings of characteristic cores on muscle biopsy (see

Testing), and confirmed in most cases by the presence of a disease-causing mutation in the gene
RYRI (see Molecular Genetic Testing).

Because the clinical presentation ranges from the absence of symptoms to severe features
including the need for ventilatory support, it is difficult to make the diagnosis of CCD based on
clinical findings alone.

Note: Although controversial, the diagnostic criterion for CCD (for the purpose of this review) is
the presence of CHARACTERISTIC cores in a significant number of fibers on muscle biopsy,
even in individuals who are seemingly asymptomatic.

Clinical history. Although central core disease has a wide spectrum of symptoms and
presentations, the following clinical findings can provide clues to the diagnosis:

o In early-onset disease:
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o Hypotonia and generalized weakness, often accompanied by perinatal
complications including poor fetal movement, respiratory insufficiency, and poor
suck

o Delayed motor milestones (Independent ambulation is commonly achieved
between ages three and four years, but varies depending on the severity of the
disease.)

o Spinal deformities, congenital hip dislocation, high-arched palate, foot
deformities, and joint contractures. Rarely, patients may show severe skeletal
malformations like those seen in spondylocostal dysostosis.

o In later-onset disease (rare):

o Mild symmetrical myopathy, predominantly involving the proximal muscles

o Mildly affected facial muscles

o Occasional involvement of the extraocular muscles (Ophthalmoplegia is relatively
common in the autosomal recessive forms.)

Testing
Muscle biopsy

Histologic examination of muscle is essential to the diagnosis of central core disease.
Diagnostic findings are the presence of a significant number of cores in type 1 fibers with the
following characteristics (Figure 1B):

e Often well demarcated

e May be centrally or peripherally located in the fibers

¢ Run down an appreciable length of the fiber on longitudinal sections

e Devoid of mitochondria

» Do not stain with oxidative enzyme stains (e.g., NADH-tetrazolium reductase, succinate
dehydrogenase, cytochrome ¢ oxidase)

o Deficient in phosphorylase activity and glycogen

e Sometimes surrounded by a thin rim of high oxidative enzyme activity, giving the
appearance of "rimmed cores"

e Immunohistochemistry studies demonstrate distinct staining patterns that are restricted to
the cores: RyR1 protein was focally depleted within the cores, while other proteins
including DHPR[alpha];s, triadin, SERCA1/2, and calsequestrin accumulated within or
around the cores [Murriel et al 2007].

Less common but nonetheless important pathologic findings in the spectrum of cores include the
following [Ferreiro et al 2002b, Jungbluth et al 2002, Sewry et al 2002]:

e More than one core can be observed within a single muscle fiber.
e The number of type 1 fibers with cores varies.

e The diameter of cores can vary.

o Foci of multiple minicores in focal areas can occur.
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Other pathologic characteristics of muscle include:

e Type 1 fiber predominance or uniformity

e Mild to moderate fiber size variation

» Minimal to moderate endomysial fibrosis. Marked fibrosis and increase in adipose tissue
have been noted in several cases.

e Occasional increase in internal and central nuclei

Note: (1) Nemaline bodies occurring together with cores have been seen in genetically confirmed
cases of CCD. When rods are numerous this has sometimes been referred to as core-rod disease.
In a large French pedigree demonstrating autosomal dominant inheritance, the association of this
disease with RYR/ mutations was confirmed [Monnier et al 2000]. Interestingly, some cases of
nemaline myopathy may also show cores [Jungbluth et al 2002], blurring the pathologic
distinction between the two disorders. (2) Facial muscle involvement and high-arched palate are
almost always observed in infantile or childhood nemaline myopathy, but are rarely seen in CCD.

Ultrastructural studies show:

o Virtual absence of mitochondria and sarcoplasmic reticulum (SR) in the core region. SR
accumulation within the cores has been described on EM.

o Irregular zigzag pattern or complete disruption of the Z-lines but often preservation of the
striation pattern '

e Reduction in the intermyofibrillar space

Figure 1. Histologic features of muscle observed in
central core disease

A-B. Sections from a nine-year-old depicting the classic
description of CCD

A. Pronounced type 2 fiber deficiency is seen with myosin
ATPase staining with acidic pre-incubation (* shows type 2
fiber).

B. In NADH-TR staining, central cores are seen in almost
all fibers, with "rimming" of cores in some fibers (arrow).
C-D. Sections from a 63-year-old showing the other
features of cores seen in CCD

C. Type 2 fiber deficiency is also seen but is not as marked
as in A (* shows type 2 fiber).

D. Cores are seen, but not in all type 1 fibers. Cores are
sometimes found in the subsarcolemmal area or periphery
of the fiber, and more than one core can be present in a
single fiber (arrow). Cores lacking clearly demarcated
borders, (arrowhead) can be seen in higher frequency.

E-F. Sections from a three-year-old boy with cores and few
fibers with rods

E. Nemaline bodies are observed with modified Gomori-
trichrome staining (arrows).

F. Few cores are seen in NADH-TR staining,.
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Molecular Genetic Testing

Genes. Most cases of CCD are associated with mutations in RYR/, the gene encoding the
ryanodine receptor 1.

Other loci. Studies have shown that mutations of the RYR/-associated proteins encoded by the
genes FKBPIB and CACNAIS cause excitation-contraction (EC) uncoupling in vitro, similar to
the effect of some RYRI mutants [Avila et al 2003a, Lyfenko et al 2004, Weiss et al 2004],
raising a possibility that mutations in FKBP1B and/or CACNA1S may also be responsible for
CCD. 1t is possible that other disorders with EC uncoupling could be within the spectrum of
CCD, but more studies are warranted.

Other candidate genes to be considered include those that code for proteins involved or
associated with the triadin, which is the anatomic site of EC uncoupling, and include triadin,
junctin, histidine-rich calcium-binding protein, calsequestrin, JP-45, and mitsugamin-29 [Treves
et al 2005] and dihydropyridine receptor, calmodulin, and inositol phospate 3 receptor. To date,
no mutation in these genes encoding these proteins has been associated with CCD.

Clinical testing

¢ Sequence analysis of select exons. The RYR/ mutations associated with CCD identified
so far are clustered in three relatively restricted regions ("hot spots"), which encode
domain 1 (exons 1-17), domain 2 (exons 39-46), and domain 3 (exons 90-104) of the
ryanodine receptor 1 [Treves et al 2005] (Figure 2).

Although most mutations associated with CCD are clustered in the C-terminal domain 3,
which comprises the transmembrane/luminal and pore-forming region of the channel,
recent studies have shown that mutations in CCD are likewise found in domains 1 and 2,
in which mutations are more commonly associated with malignant hyperthermia (see
Allelic Disorders).

Sequence analysis of select exons in known mutational hotspot regions detected
mutations in 47%-67% of affected individuals [Monnier et al 2001, Davis et al 2003,
Shepherd et al 2004]; extending the central "hotspot" to include exons 47 and 48 may
increase mutation detection rate to 89% [Wu et al 2006].

¢ Sequence analysis of the entire coding region. Because the RYR/ gene encodes the
ryanodine receptor 1, one of the largest known proteins, direct sequencing of all exons is
labor-intensive, but also most informative. Among 27 individuals diagnosed with CCD
on muscle biopsy, sequence analysis of the entire coding region documented RYR/
mutations in 93% [Wu et al 2006], suggesting that CCD may not be a genetically
heterogeneous disease, as previously thought. Because of the large size of the gene,
sequence analysis of cDNA is an alternate approach to sequence analysis of each exon of
the genomic DNA. The entire RYRI cDNA of affected individuals has been sequenced by
a number of groups [Lynch et al 1999, Monnier et al 2000, Ferreiro et al 2002a, Romero
et al 2003, Zhou et al 2006a, Zhou et al 2006b].
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Figure 2. RYR1 mutation map for CCD

The three shaded mutational hot spot areas:

Exons 1-17 (domain 1)

Exons 39-46 (domain 2)

Exons 90-104 (domain 3)

Closed circles = missense mutations

Open circles = autosomal recessive mutations

Triangles = deletions

The most common mutations are shown in Table 2 (pdf).
Adapted from Wu et al [2006

Table 1. Summary of Molecular Genetic Testing Used in Central Core Disease

Gene Test Method Mutations Mutation Detection Test
Symbol Detected Frequency by Test Method Availability

Sequence analysis of

3 47%-80% >
select exons

cDNA sequence Sequence . Clinical
L analysis variants Viarishle

gDNA sequence ~90% 3

analysis ’

Test Availability refers to availability in the GeneTests Laboratory Directory.
GeneReviews designates a molecular genetic test as clinically available only if the test is
listed in the GeneTests Laboratory Directory by either a US CLIA-licensed laboratory or
a non-US clinical laboratory. GeneTests does not verify laboratory-submitted information
or warrant any aspect of a laboratory's licensure or performance. Clinicians must
communicate directly with the laboratories to verify information.

1. Exons sequenced vary by laboratory
2. In autosomal dominant CCD

3. Results from Wu et al [2006]

Interpretation of test results. For issues to consider in interpretation of sequence analysis
results, click here.
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