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Abstract

We report the case of an | I-year-old boy affected with a childhood onset muscular dystrophy
who was wheelchair-bound at the age of 10 years. The patient recently developed a mild
cardiomyopathy consisting of reduced left ventricular ejection fraction. A first degree cousin
of the patient (born from consanguineous parents) was also affected, indicating an autosomal
recessive pattern of inheritance. To identify the molecular defect responsible for the disease,
we tested the muscle biopsy for dystrophin and other components of dystrophin-glycoprotein
complex (DGC). Immunohistochemical and Western blot analyses revealed a total defect of
adhalin (c-sarcoglycan), associated with a secondary reduction of dystrophin amount; B-dys-
troglycan (43 kDa dystrophin-associated glycoprotein) and merosin (laminin alpha2) were
normally expressed. Biochemical adhalin deficiency may be primary or secondary to mutations
in one of the different genes for the sarcoglycan complex. The identification of anovel missense
mutation (L158F) in the o-sarcoglycan gene confirmed the diagnosis of autosomal muscular
dystrophy (primary adhalinopathy). Cardiac involvement has been noted in only one other case
of primary adhalinopathy, and subclinical involvement has been proposed in all cases given
the sarcoglycan complex is present in both skeletal and cardiac muscle [6]. Patients with
adhalinopathy require careful monitoring so as 1o avoid unforeseen cardiac conditions.
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The dystrophin-glycoprotein complex (DGC) of the
skeletal muscle membrane [8] consists of dystrophin and
dystrophin-associated complexes, i.c. dystroglycan and
sarcoglycan complexes [25]. The dystroglycan complex is
composed ol o and B-dystroglycan (156 kDa and 43
kDa/A3a, respectively) derived from a single precursor
protein encoded by a gene mapped on chromosome 3. The
sarcoglycan complex is composed of 3 subunits: o- (50
kDa/A2, adhalin), - (43 kDa/A3b) and y-sarcoglycan (35
kDa/A4), encoded by genes located on chromosomes 17,
4, 13, respectively [17]. In contrast to dystroglycan, which
is expressed in wide variety of tissues, sarcoglycan is
expressed only in striated muscles [24]. In the skeletal
muscle membrane of patients with severe childhood auto-
somal recessive muscular dystrophy (SCARMD), adhalin
and the other sarcoglycan components are either absent or
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severely deficient [10, 11, 13, 15]. This observation sug-
gests that the development of the disease, whatever the
primary cause of SCARMD, is the destabilization of the
DGC due to the lack of sarcoglycan complex [14, 16].
Since adhalin ¢cDNA have been sequenced [21], a number
of different gene mutations have been described in primary
adhalinopathy [6, 12, 19, 21]. Adhalin deficient patients
show a spectrum of clinical severity ranging from severe
DMD-like dystrophy to a phenotype similar to later onset
limb-girdle muscular dystrophy [6, 12, 22, 23, 26]. These
patients might be misdiagnosed unless tested for both
dystrophin and adhalin.

Here we report the case of a patient with primary adhalin
deficiency, showing a severe muscular dystrophy associ-
ated with cardiac involvement and evidence of autosomal
recessive inheritance.
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Case report

Since the patient has an unknown father, no data on the
paternal line are available. A first degree maternal cousin
(born from first degree cousins) who also suffered from
progressive muscular dystrophy, became wheelchair-
bound in childhood and died at 10 years of age. The onset
of symptoms in our patient was at 18 months, when he
started walking on tiptoes. He than developed a rapid

progressive weakness of proximal muscles. At the age of

5 years he was unable to run and had difficulty in climbing
stairs. Serum creatine kinase (CK) was 11,000 U/l (n.v.
0-195). On neurological examination he had waddling gait,
calf’ hypertrophy, positive Gower’s sign, diffuse muscle
hypotonia and hypotrophy. Despite administration ol ste-
roid drug treatment and physiotherapy, the patient lost the
abilities to raise from the floor, to climb stairs and to walk
independently at 9, 9.5 and 10 years, respectively. Since
the age of 10 years he was unable to stand unassisted and
to lift arms over the head. The boy is currently 11 year-old,
with pronounced proximal muscle weakness, marked joint
contractures, he requires help performing daily light activ-
ity, including eating and rolling in bed. Electrocardio-
graphy revealed incomplete right bundle branch block.
Echocardiography showed a mild reduction of left ven-
tricular ejection fraction (55%). Spirometry showed mild

restrictive respiratory insufficiency. He has no evidence of

mental retardation.
Material and Methods

Immunostaining of muscle biopsy cryosections

Muscle biopsy was obtained [rom quadriceps muscle
after written informed consent from patient’s mother.
Muscle specimens were frozen in isopentane cooled in
liquid nitrogen and stored at -70°C until processed. Un-
fixed serial cryostat sections 6 pm thick were placed on
eclatin-coated slides and incubated overnight at room tem-
perature with the following monoclonal antibodies: dystro-
phin C-terminal (Dys-2. Novocastra, 1:200), 43 kDa DAG
(B-dystroglycan, 1:100), adhalin (IVD3,, 1:20), merosin
(laminin &2 chain, Chemicon, 1:2000), B-spectrin (Spec-2,

‘Novocastra, 1:50). Antibodies were diluted in phosphate

buffered saline (PBS). Indirect immunofluorescence vis-
ualization was obtained by avidin-biotin system: a second-
ary anti-mouse biotinylated antibody (Amersham, 1:250)
was incubated for 30" and was followed by streptavidin-
Texas Red (Amersham, 1:100) for 15", Sections were
examined with a Zeiss Axioskop fluorescence photomicro-
scope.
Dystrophin and adhalin immunoblot analysis on muscle
biopsy

Muscle biopsy specimen was serial cryostat cut: about 20
sections were used for the measurement of total non-col-
lagen protein amount by Lowry method and additional 20
sections were dissolved in 100 pl of loading buffer (10%
SDS, 50 mM DTT, 10 mM EDTA, 0.1 M TRIS, 0.001%
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bromophenol blue, at pH = 8). Equal amounts of muscle
proteins from patient’s and control’s muscles were loaded
in adjacent lanes of 3.5-15% gradient-discontinuous SDS-
PAGE gels, to determine both protein relative abundance
and molecular weight. Electrophoresis was performed at
120 V overnight. Proteins were blotted for 5 hours at 1980
mA on nitrocellulose sheet. Filters were airdried, saturated
with 5% BSA in TTBS and incubated overnight with a
mixture of monoclonal antibodies against dystrophin C-
terminus (Novocastra, 1:1000 in TTBS) and adhalin (No-
vocastra, 1:300). The reaction was developed using a
secondary anti-mouse biotinylated antibody (Amersham,
1:1000) for 1 hour, streptavidin-biotinylated horseradish
peroxidase complex (Amersham, 1:1000) for 1 hour and
exposed on Kodak X-OMAT films by enhanced chemio-
luminescence method (ECL-Amersham). Dystrophin and
adhalin relative abundance, expressed as percentage of
normal control, were determined by densitometric analysis
of protein bands on the same film and by comparison with
myosin heavy chain relative amount in the post-transfer
Coomassie blue stained gels.

Identification of adhalin gene mutation

Messenger RNA was isolated from muscle biopsy spe-
cimen and its integrity and concentration was estimated by
agarose gel electrophoresis. RNA was reverse transcribed
into cDNA using oligo dT primer and 5 overlapping re-
gions of the adhalin coding sequence amplified by RT-
PCR [6]. Each region of the adhalin coding sequence was
tested on three different single-strand conformation poly-
morphism (SSCP) conditions. Aberrant conformers were
excised from dried gels and directly sequenced by fluores-
cence dydeoxy-cycle sequencing. Sequence data were
downloaded onto the Pittsburgh Supercomputer Center for
analysis. Comparison to the normal adhalin sequence, pro-
tein translation and conservation of aminoacid substitu-
tions of patient sequence data was performed using the
University of Wisconsin Genetics computer Group soft-
ware [5].

Results

Muscle biopsy histopathology showed changes consist-
ent with severe muscular dystrophy: increased fiber size
variation, central nuclei and fibrosis, hypertrophic, de-
generating and regenerating fibers.

Immunostaining for dystrophin carboxy-terminal
showed dystrophin-negative fibers and other fibers with
reduced staining intensity (Fig. 1). Dystrophin Western
blot (with the same antibody) showed normal amount and
molecular weight (Fig. 2). Adhalin immunohistochemistry
and Western blot analysis showed atotal protein deficiency
(Fig. 1, 2). Two additional antibodies, B-dystroglycan (43
kDa DAG) and merosin, were used to determine if addi-
tional dystrophin-associated protein deficiencies could be
identified in this patient. The staining with both antibodies
was normal. B-spectrin labeling (used as marker of mem-
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Figure 1. Immunofluorescent staining for adhalin in con-
trol muscle biopsy (A) showing a bright and con-
tinvous labeling on plasma membrane and in
patient’s muscle biopsy (B) showing a complete
absence of reaction on plasma membrane (magni-

fication x 400). Immunofluworescent staining for

dystrophin in patient’s muscle biopsy (C) showing

several muscle fibers with marked reduction of

intensity of staining (magnification x 400).

brane integrity) was normal except for some negative
fibers undergoing degeneration.

Muscle RNA was isolated from the biopsy of the patient
and a control. RT, PCR and SSCP analysis of the patient’s
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Figure 2. Double labelled dystrophin and adhalin immu-
noblot in patient’s (lane 2) and control miuscle
(lanes 1, 3). The patient’s samples shows normal
amount and molecular weight dystrophin (400
kDa) whereas adhalin was completely absent (50
kDa).

RNA showed aberrant SSCP conformers of an extracellu-
lar domain region. The aberrant SSCP conformer was
directly sequenced and a single base change corresponding
to a C — T transition at nucleotide 472 in exon 5 was
identified resulting in a leucine to phenylalanine aminoacid
substitution (L158F).

Inheritance of the L158F missense mutation was con-
firmed by screening the genomic DNA of the parents. The
patients’ mother was found to be a carrier of the missense
mutation, the patient’s father was not available. Given that
the patient’s father was unavailable, the patient may be
either a homozygote or a compound heterozygote for this
mutation with a deletion of the paternal allele.

Genomic DNA from 100 normal chromosomes (from
non-muscular dystrophy cases) was used as controls to
screen for the nucleotide changes. The base change ident-
ified in this patient was not observed in any of the controls.
The missense mutation L158F in the adhalin gene has not
been previously reported.

Discussion

It has been recently determined that SCARMD showing
biochemical adhalin deficiency may be due to mutations
occurring in each of the genes for o, B or y-sarcoglycan
components [1, 2, 3,7, 17, 18], proving the genetic hete-
rogeneity for this disorder. In this light, anew classification
of limb-girdle muscular dystrophy (LGMD) has been pro-
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posed, and chromosome 17-linked adhalinopathy was in-
dicated as LGMD-2D [4].

The adhalin gene shows a high degree of allelic heteroge-
neily, since 15 different mutations (missense, nonsense,
aberrant splicing, insertion) have been localized throug-
hout the gene portion encoding for the extracellular domain
ol the protein [6, 12, 19, 21]. In addition, the L158F change
found in our patient is a novel missense mutation.

In the present case we observed a severe phenotype
associated with complete adhalin defect, which is in agree-
ment with the previous suggestion of a correlation between
clinical severity of the disease and biochemical adhalin
abundance [6, 19].

In our case we observed a severe clinical phenotype: the
child was wheelchair-bound before 10 years of age. This
is surprising since abnormal protein produced by a mis-
sense mutation in the adhalin gene should lead to a better
course than a nonsense mutation [21, 19, 12]. It seems that
the same reading-frame rule used to explain DMD/BMD
genotype/phenotype relationship, may not always be ap-
plicable in adhalinopathies. Although it is unclear the way
by which missense mutations affect protein function, ad-
halin abnormalities causes an impaired assembly with

other sarcoglycan components, leading Lo the disruption of

the linkage between the sarcolemma and the extracellular
matrix. This hypothesis might explain the concomitant
absence of other sarcoglycan components in adhalin-defi-
cient patients [3, 14, 17], and suggests the term “sarcogly-
canopathy™ as a collective name for these autosomal
muscular dystrophies [17].

In the present case the clinical features and the rapid
progression rate of the disease, associated with abnormal
dystrophin, could have addressed the diagnosis to severe
dystrophinopathy unless adhalin would not have been stu-
died. The analysis of family pedigree strongly indicated
that the disease was inherited as an autosomal recessive
trait. All muscular dystrophy patients with normal dystro-
phin should be screened for adhalin by immunohisto-
chemical and biochemical methods. Adhalin mutation
studies should be pursued for those patients with abnormal
adhalin protein [6, 12]. The incidence of adhalinopathy
among muscular dystrophy patients ranges from 2.5 to 5%
of total [11, 6], but it is likely underestimated because of
the presence of biochemically undetected secondary and
partial defects and possible relatively mild clinical course
in some patients. Infact, according to the prevalence rate
of the discase estimated in Japan (1.0 to 2.1 x 10°°) [11],
one should expect about 57-120 patients among Italian
population.

The patient reported here is the fourth Italian case de-
scribe to date with a primary adhalinopathy [6, 19]. Unfor-
tunately, despite the molecular diagnosis of adhalinopathy,
prognosis is difficult to address in individual patients due
to the wide range of clinical severity and the variable
discase progression. Our case appears Lo have a poor prog-
nosis, because of the early age at which the deambulation
was lost and of the sudden development of cardiomyo-
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pathy. A cardiac impairment has been briefly reported in
only one case in adhalinopathy [9]. although it should be
expected being that adhalin is also expressed in cardiac
muscle [20, 24]. Thus, in adhalin deficient patients a care-
ful cardiac examination should be carried out; a follow-up
may be useful to disclose advanced-stage cardiac involve-
ment.

Our report suggests that clinically severe DMD-like dys-
trophy may be due to adhalin defect and that an appropriate
genetic counselling requires accurate biochemical and
molecular diagnosis.
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