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Abstract

Objective—A recessively transmitted fatal hypertonic infantile muscular dystrophy has been
described in Canadian Aboriginals. The affected infants present with progressive limb and axial
muscle stiffness, develop severe respiratory insufficiency, and most die in the first year of life. We
sought to determine the genetic basis of this disease.

Methods—We performed histochemical, immunocytochemical, electron microscopy and
molecular genetic studies in a cohort of 12 patients affected by this disease.

Results—Conventional histochemical and electron microscopy studies suggested myofibrillar
myopathy (MFM). Therefore we searched for ectopic expression of multiple proteins typical of
MFM. aB-crystallin (aBC) expression was absent from all fibers using a monoclonal antibody
raised against the entire protein. However, a monoclonal antibody directed against the first 10
residues of aBC immunostained portions of abnormal fibers. Pursuing this clue, we searched for
mutations in the gene for aBC (CRYAB) in available DNA samples of 8 patients. All harbor a
homozygous deletion, ¢.60C, predicting a Ser to Ala change at codon 21 and a stop codon after 23
missense residues (p.Ser21AlafsX24). Clinically unaffected parents are heterozygous for this
mutation.

Interpretation—The homozygous c.60delC in CRYAB pinpoints the genetic basis of the fatal
infantile hypertonic muscular dystrophy of Canadian Aboriginals. MFMs are typically transmitted
by dominant inheritance but in this disease the parental phenotype is rescued by limited expression
of the highly truncated nonfunctional mutant gene product. The severe patient phenotype is due to
homozygosity for the markedly hypomorphic allele.

In 1994, Lacson and coworkers described 11 Canadian Aboriginal infants of Cree ancestry
who developed rigid muscles and respiratory insufficiency shortly after birth; all died in
infancy except one child who survived to 3 years of age. The disease appeared to be
transmitted by autosomal recessive inheritance. The pathological features included severe
variation in myofiber size, endomysial fibrosis, homogeneous eosinophilic inclusions and, at
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the ultrastructural level, focal Z-disk abnormalities in continuity with coalescing electron
dense granular material. Although presumed to be an abnormality of myofilaments in the
vicinity of Z-disks, the mutant protein remained unidentified.1 Examination of recent cases
from central Canada revealed that the pathological features were essentially identical with
those found in the myofibrillar myopathies (MFMs).2: 3 However, most MFMs present after
the first decade or later in life, the weakness frequently involves distal limb muscles, and in
nearly all patients the inheritance is autosomal dominant.4 MFM mutations identified to date
reside in Z-disk related proteins, namely desmin,5 alpha B-crystallin (¢BC),6' 7 myotilin,8-
9 ZASP10 and filamin C11. Mutations in Bag3, another Z-disk-associated protein, present in
childhood and cause progressive limb and axial muscle weakness followed by
cardiomyopathy and respiratory failure in the second decade of life.12 Searching for
evidence to corroborate the MFM features in the disease identified by Lacson et al.,1 we
immunolocalized proteins characteristically expressed in an ectopic manner in MFM patient
muscles. Although several proteins were ectopically expressed in patient muscles, aBC
expression was totally absent with a monoclonal antibody raised against the entire protein as
the antigen. This, in turn, provided the clue that a mutation in the corresponding gene
CRYAB caused the disease.

Material and Methods

Materials studied

Paraffin sections were available for review from patients 1 to 6 described in the original
publication by Lacson et al1 and from 6 more recently observed patients. DNA was
available for analysis from 8 affected patients (2 isolated from blood, 4 from frozen muscle,
and 2 from paraffin embedded tissue), unaffected parents of 2 patients, and an unaffected
sibling of 1 patient. Table 1 shows the clinical data for patients whose DNA was analyzed.

All studies were done in accordance with the ethics guidelines of the Mayo Clinic, the
University of Manitoba, the University of Calgary, and the University of Western Ontario.
Direct parental consent for analysis was obtained for all of the current cases. The consent
documented in the cases studied retrospectively was appropriate at the time of tissue
acquisition.

Histopathology and immunohistochemistry

Formalin-fixed paraffin-embedded sections of muscle were stained with hematoxylin and
eosin and Masson trichrome. Routine histochemical studies were performed on frozen
sections.13 Immunostains included spectrin (mouse monoclonal clone RBC2/3D5;
Novocastra, Newcastle-upon-Tyne UK), myosin (mouse monoclonal clone MY-32;
BioGenex, San Ramon CA), myoglobin (rabbit polyclonal; Dako, Glostrup Denmark),
desmin (mouse monoclonal clone D33; Dako), myotilin (mouse monoclonal clone RS034;
Novocastra), ubiquitin (rabbit polyclonal Z0458; Dako), and aBC (mouse monoclonal clone
G2JF raised against amino acids 1-10; Novocastra; and mouse monoclonal clone 1B6.1-3G4
raised against the entire protein; Stressgen, Ann Arbor MI). Glutaraldehyde-fixed muscle
samples were processed for plastic embedding and electron microscopy by standard
methods.

DNA mutation analysis

Mutation analysis was done in 8 patients using DNA. Polymerase-chain-reaction (PCR)
primers were designed to analyze all exons and their flanking noncoding regions of CRYAB.
11 PCR-amplified fragments were sequenced using fluorescently labeled dideoxy
terminators. CRYAB nucleotides were numbered according to the mRNA sequence
(GenBank reference no: NM001885.1).
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Results

Clinical features

All 8 affected children were of Canadian Aboriginal descent from First Nations in central
and western Canada ranging from northern Ontario to Alberta. Seven patients had a family
history of similarly affected individuals, but not all families were found to be related.
Clinical features of the 8 patients whose DNA was analyzed, including 3 previously reported
patients,1 are shown in Table 1. All but one affected child presented with truncal hypertonia
evident soon after birth, and all had progressive respiratory distress. None had dysmorphic
features. All patients had normal age appropriate cognitive function, and patient 4 had a
normal brain MRI. Among those for which serum creatine kinase (CK) was measured, all
had levels elevated 15-20 fold above normal. Treatment with muscle relaxants or
neuromuscular blockage, failed to abolish hypertonia, even when the patients were no longer
capable of spontaneous movements. Thus, the hypertonia resides in muscle. All but one
patient died between 6 weeks to 7 months of age; one remains alive at age 4 years on
mechanical ventilation.

Muscle Pathology

All available patient muscle samples showed similar abnormalities, with truncal muscles
more severely affected than limb muscles. The muscle fiber diameter varied pathologically
from 10 to >100um. Some fibers were necrotic and a comparable number of fibers were
regenerating. Scattered fibers displayed multiple vacuoles. Numerous fibers harbored
granular or larger hyaline deposits (Figure 1A), or amorphous material that stained blue or
blue-red in trichrome sections (Figure 1G). The hyaline masses were devoid of oxidative
enzyme activity. The larger inclusions in numerous abnormal fibers displayed mild to
moderate congophilia in Congo red stained sections viewed under rhodamine optics.
Increases of acid phosphatase occurred in relation to many cytoplasmic inclusions (Figure
1B). There was a moderate to marked increase in endomysial fibrous and perimysial fibrous
and fatty connective tissue (Figure 1G). Notably, in one patient a quadriceps muscle sample
showed only minimal fiber size variation and hypercontracted fibers, but a rectus abdominis
specimen obtained 4 weeks later displayed typical MFM pathology. Scattered lymphocytes
were present in three autopsy and one surgical biopsy specimen, and large collections of
lymphocytes were identified in an autopsy specimen.

The abnormal fibers displayed strong immunoreactivity for desmin (Figure 1D), myotilin,
and NCAM. Desmin and myotilin immunoreactivities were concentrated at the periphery of
the fibers, surrounding abnormal inclusions that reacted for myosin and myoglobin. Spectrin
and dystrophin were normally expressed at the sarcolemma and at multiple loci within the
fibers, sometimes surrounding small vacuoles (Figure 1F). Small granular deposits in
rimmed vacuoles reacted for ubiquitin but the large inclusions did not. aBC
immunoreactivity was entirely absent using the monoclonal antibody that was raised against
the entire protein (Figure 1E) but was moderately strongly expressed in the abnormal
inclusions and faintly in other fiber regions with the monoclonal antibody raised against the
first 10 residues of aBC (Figure 1C) both in frozen and paraffin sections. Resin sections of
muscle clearly displayed the marked endomysial fibrosis and pleomorphic intrafiber
inclusions. On electron microscopy, even the least affected fibers exhibited sarcomeric
disarray with focal Z-disk streaming. In many fibers the Z-disks were replaced by, or
merged with, coarse granular deposits (Figure 11). In some areas the granular deposits
formed large sinuous inclusions (Figure 1H). Some fibers also contained vacuoles harboring
cytoplasmic degradation products.

Ann Neurol. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Del Bigio et al.

Page 4

The heart was examined from autopsies of 5 patients. It was grossly normal in all and
microscopically normal in 4. In one patient, rare fibers in left ventricle showed segmental
eosinophilia. None of the patients had developmental brain abnormalities in autopsy. Two
showed scattered neuronal changes suggestive of mild hypoxic damage.

Mutation Analysis

All 8 tested patients were homozygous for the ¢.60C deletion mutation that predicts a Ser to
Ala change at codon 21 and a stop codon after 23 missense residues (p.Ser21AlafsX24)
(Fig. 2). DNA samples available for 2 sets of unaffected parents were heterozygous for the
mutation. An unaffected sibling did not carry the mutation.

Discussion

The fatal autosomal recessive infantile hypertonic muscular dystrophy observed in Canadian
Aboriginals shows the pathologic features of MFM. The clue to a defect in aBC came from
the absence of aBC immunoreactivity using a monoclonal antibody raised against the entire
aBC protein. This finding differed sharply from those in previously reported MFM patients
with autosomal dominant CRYAB mutations whose muscles showed markedly increased and
ectopic expression of aBC.6' 7' 14 The most likely explanation was a biallelic null mutation
that behaves in a genetic recessive manner. However, a monoclonal antibody raised against
the first 10 residues of aBC did reveal some immunoreactivity in some muscle fibers. These
findings are readily reconciled by the position of the identified mutation that may allow
expression of the first 20 aBC residues, though expression is likely attenuated by nonsense
mediated mRNA decay. Presence of the same mutation in affected children in different
regions of Canada points to a founder mutation.

Interestingly, CRYAB knockout is not embryonic or neonatal lethal in mice. After 40 weeks
of age, the mice lose weight and body fat, and develop kyphosis and a myopathy involving
the posterior tongue and axial muscles with lesser involvement of the extremity muscles.
Our patients show a similar selective involvement of neck and truncal muscles, but are more
severely affected than the knockout mice.15 Tongue, examined at autopsy in one patient,
showed advanced pathologic changes. The predilection for truncal muscles may be related to
the greater expression of aBC in type 1 fibers which are enriched in large postural muscles.
16 As in our patients, the heart of the knockout mice is unaffected.15

aBC is a small heat shock protein that inhibits aggregation and precipitation of denatured
proteins.17: 18 The myofibrils, and especially the Z-disks, are constantly stressed by
physical activity but are protected from unfolding and denaturation by molecular
chaperones.19 The close association of aBC with the Z-disk implies that aBC is particularly
important in protecting the Z-disk from disintegration that results in myofibrillar breakdown.
Specifically, aBC appears to have a high affinity for desmin20 and titin21 under situations
of cellular stress. We postulate that the interaction of aBC with titin is relevant in this novel
myopathy as titin is largely responsible for muscle elasticity. Thus the lack of aBC could
derange titin in such a way to contribute to reduced muscle elasticity. There is some indirect
evidence for this pathophysiology in the aBC/HSPB2 deficient mouse model wherein
cardiac ischemia induces more rapid and sustained resting muscle tension compared to
controls.22 Hypertonia is not typically seen in myopathic conditions and will need to be
adequately addressed in any proposed model of this muscle disease. In addition, aBC
protects myosin from thermal denaturation.23 An additional pathogenetic factor in this
disease is the marked and early endomysial fibrosis that impairs chest wall compliance and
contributes to early respiratory failure. Similar early and marked endomysial fibrosis has not
been documented in other types of MFM, suggesting the «BC may have an additional role in
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regulating connective tissue proliferation in muscle as has been suggested in skin wound

he
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aling.24

though some pathogenetic aspects of the fatal aB-crystallinopathy of the Canadian

Aboriginals remain to be elucidated, deciphering the gene defect has important implications
for diagnosis, genetic counseling, carrier detection, preconceptional and prenatal testing, and
eventual prevention of the disease.
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Figure 1.

Histopathological features in rectus abdominis muscle specimen obtained from a boy at 14
weeks age. A. Hematoxylin and eosin stained paraffin section shows considerable fiber
irregularity and dense eosinophilic deposits. Fiber in center harbors large vesicular nuclei
suggesting attempt at regeneration (arrow). B. Acid phosphatase reacted frozen muscle
specimen showing reactivity (red) in abnormal fibers and in endomysial inflammatory cells.
C. Immunostain for aBC on paraffin section using the antibody that recognizes amino acids
1-10. Labeling is detected in some regions (arrows). D. Immunostain for desmin on
immediately adjacent paraffin section shows patchy labeling and reduced expression in aBC
immunoreactive regions (arrows). E. Immunostain for aBC on frozen section using the
antibody that recognizes the entire protein is comparable to background staining. F.
Immunostain for spectrin on frozen section. Note fiber size variation and focal internal
labeling (arrow). G. Modified Gomori trichrome stained frozen section shows fiber size
variation, endomysial fibrosis, and dark staining inclusions (arrow). H. Electron micrograph
showing fiber with sinuous inclusion material (arrow) arising from Z disk surrounded by a
region of myofibrillar disorganization. I. Higher magnification electron micrograph shows
dense granular deposits amidst the sarcomeres. Bar = 16 um for A, C, D, G. Bar = 25 um for
B, E, F. Bar =4 um for H. Bar = 0.5 um for I.
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Figure 2.

p.Ser21AlafsX24 in exon 1 is followed by 23 missense amino acids and a stop codon.

Shaded box represents the missense residues.
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