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BACKGROUND: In skeletal muscle, dystrophin exists in a large oligomeric complex tightly associated
with several novel sarcolemmal proteins, including the 50-kDa transmembrane glycoprotein called
adhalin. The dystrophin-glycoprotein complex links the subsarcolemmal actin cytoskeleton to the
basal lamina component laminin, thus providing stability to the sarcolemma. Disturbance of this
linkage due to the absence of dystrophin plays a crucial role in the molecular pathogenesis of muscle
fiber necrosis in Duchenne muscular dystrophy. Severe childhood autosomal recessive muscular
dystrophy (SCARMD) is similar to Duchenne muscular dystrophy in phenotype but is characterized
by the deficiency of adhalin. At present, the status of the link between the dystrophin-glycoprotein
complex and laminin is unclear in SCARMD.

EXPERIMENTAL DESIGN: We investigated, by immunohistochemistry using confocal laser
scanning microscopy, the status of the expression of laminin subunits, A, M, B1, B2, and S chains,
in skeletal muscle biopsy specimens of eight SCARMD patients from various human popula-
tions. In addition, we correlated the severity of laminin abnormality with the severity of both
clinical symptoms and histopathologic changes in these patients.

RESULTS: The reduction of laminin Bl chain and the overexpression of the S chain, a
homologue of Bl, in the extrajunctional basal lamina were observed in the five patients who had
advanced clinical symptoms and histopathologic changes. Abnormalities in the expression of
laminin were not observed in the three less affected patients.

CONCLUSIONS: The expression of laminin is greatly disturbed in severely diseased SCARMD
muscle deficient in adhalin. Disturbance of sarcolemma-basal lamina interaction may play an
important role in the molecular pathogenesis of muscle fiber necrosis in SCARMD.

Additional key words: Duchenne muscular dystrophy, Dystrophin, Dystrophin-glycoprotein
complex, Merosin, Basal lamina, Confocal laser scanning microscopy.

A severe form of autosomal recessive muscular dys-
trophy closely resembling Duchenne/Becker muscular
dystrophy (DMD/BMD) in phenotype has been obscure
as a clinical entity until recently. This obscurity is
partly because of its rarity in most human populations
and partly because autosomal recessive inheritance
was difficult to demonstrate in any given family (1). A
number of investigators presumed, however, the exis-
tence of this form of muscular dystrophy from the

occasional observation of apparent DMD/BMD in girls
or in siblings including both boys and girls (2, 3). A
similar disease affecting Japanese patients was re-
ported as malignant limb-girdle type (4). The existence
of this form of muscular dystrophy was confirmed by
the detailed description of 93 affected Tunisian chil-
dren by Ben Hamida et al. in 1983 (5). Although
clinical features were similar to those reported by other
investigators, they clearly delineated a few important
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differences from DMD/BMD, including the absence of
mental retardation and heart involvement, that were
not consistently documented in the previous reports
(5). This disease is now considered to be prevalent in
North Africa and in the Middle East and is referred to
as severe childhood autosomal recessive muscular dys-
trophy (SCARMD) (Mendelian Inheritance in Man
number 253700) (6, 7). Dystrophin, the protein product
of the DMD gene (8), was shown to be normally
expressed in muscle biopsy specimens from Tunisian
patients, thus confirming the difference of this disease
from DMD/BMD at the protein level (9).

In skeletal muscle, dystrophin exists in a large
oligomeric complex tightly associated with several
novel sarcolemmal proteins, including the 50-kDa
transmembrane glycoprotein called adhalin (10-15).
a-dystroglycan, an extracellular dystrophin-associated
glycoprotein of 156 kDa, binds laminin, a major struc-
tural component of the inner basal lamina (14, 16). At
the cytoplasmic side of the dystrophin-glycoprotein
complex (DGC), dystrophin interacts with the subsar-
colemmal actin cytoskeleton (16—18). This complex is
therefore presumed to provide a trans-sarcolemmal
linkage between the basal lamina and the subsar-
colemmal cytoskeleton (13, 14, 16). Recently, we have
demonstrated the deficiency of adhalin in the skeletal
muscle of one Lebanese and three Algerian patients
afflicted with SCARMD (19). Subsequently, the defi-
ciency of adhalin has been demonstrated in non-Arab
patients presenting with SCARMD phenotype, thereby
suggesting that adhalin deficiency may be the common
molecular feature of SCARMD in various human pop-
ulations (20-25). SCARMD with adhalin deficiency is
genetically heterogeneous; two loci have been identi-
fied thus far (20, 22, 23, 26, 27). Tunisian and Algerian
families have been linked to chromosome 13q, and a
large French family has recently been linked to the
adhalin gene on chromosome 17q (20, 26, 27). These
findings suggest that the genetic background of
SCARMD may vary among different human popula-
tions. Adhalin is also greatly reduced in DMD patients
(11, 28), so we hypothesized that the deficiency of
adhalin might play a crucial role in the molecular
pathogenesis of both DMD and SCARMD (19). How-
ever, the precise mechanism by which the deficiency of
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adhalin leads to muscle fiber necrosis in SCARMD
remains unknown.

Laminin is a major structural component of the basal
lamina, which is involved in a number of important
biologic functions, including cell adhesion, migration,
proliferation, and differentiation (29, 30). The proto-
typical laminin molecule is a cruciform heterotrimer
comprised of three distinct chains of classes A, B1, and
B2 (29, 30). Each class of laminin chains have multiple
isoforms, and laminin exists in various trimers having
diverse biologic functions in different tissues (30, 31).
In skeletal muscle, merosin, a laminin variant that
contains the M chain instead of A, is expressed in the
basal lamina surrounding muscle fibers (32, 33). Re-
cently, we reported two Japanese patients with the
phenotype of SCARMD who were deficient in adhalin
(34). In these patients, the Bl chain was greatly
reduced in the basal lamina, raising a possibility that
the deficiency of adhalin may be associated with ab-
normality in the expression of laminin (34).

At present, it is unknown if laminin B1 chain is
reduced in all SCARMD patients irrespective of racial/
geographical background or progression of the disease.
Also unknown are the role of Bl reduction in the
pathologic process leading to muscle fiber necrosis in
SCARMD and the composition of the laminin hetero-
trimer in which the B1 chain is specifically reduced. In
the present study, we investigated, by immunohisto-
chemical analysis using confocal laser scanning mi-
croscopy (cLLSM), the status of the expression of lami-
nin subunits in skeletal muscle of SCARMD patients
from various human populations.

EXPERIMENTAL DESIGN

We investigated, by immunohistochemistry using
cLSM, the status of the expression of laminin subunits,
A, M, B1, B2, and S chains, in skeletal muscle biopsy
specimens of eight SCARMD patients from various
human populations (Table 1). In addition, we corre-
lated the severity of laminin abnormality with the
severity of both clinical symptoms and histopathologic
changes in these patients. Genetic analysis of the
adhalin gene has not yet been performed for these
patients.

TABLE 1. SUMMARY OF PATIENT PROFILES AND RESULTS OF IMMUNOHISTOCHEMISTRY

Status of Laminin Expression
Loss of Walk (yr) or

Patient Racial Onset  Biopsy Clinical Status at B1 Chain S Chain Histopathologic
Number Background Sex  Consanguinity (yr) (yr) Biopsy Time Deficiency Overexpression Changes

1 Algerian F ? 8 19 19 Moderate Mild Moderate

2 Algerian F + 7 14 14 Moderate Moderate Severe

3 Algerian F + 6 11 Ambulatory Normal Normal Mild

4 French F - 13 28 Ambulatory Normal Normal Borderline

5 French/Arab M + 3 15 15 Severe Mild Severe

6 Japanese M + 10 41 21 Mild Mild Moderate

7 Japanese M + 5 30 13 Moderate Moderate Severe

8 Japanese F + 3 11 Ambulatory Normal® Normal® Moderate®

¢ Detailed analysis of laminin expression was not possible because of storage artifact of the biopsied muscle specimen in this patient.
However, the apparent immunostaining intensity of laminin B1 and S chains in the extrajunctional basal lamina was indistinguishable from
that of healthy humans. Hematoxylin and eosin staining had been performed 20 yr before this study.
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RESULTS AND DISCUSSION

Compared with normal humans, dystrophin, «/8-
dystroglycan, and the 59-kDa dystrophin-associated
protein were well preserved (not shown), but adhalin
was drastically reduced in the sarcolemma in the eight
SCARMD patients (Patients 1 to 8) (Figs. 1 and 2). The
reduction of adhalin in these patients was more severe
than in DMD patients (Fig. 1). The 35-kDa dystrophin-
associated glycoprotein was moderately reduced in the
sarcolemma of the eight patients (not shown). These
features are identical to those observed in SCARMD
patients reported previously (19-21, 23-25, 27).

In normal humans, immunoreactivity for laminin M,
B1, and B2 chains was detected in the basal lamina
surrounding muscle fibers (Fig. 1). Immunoreactivity
for the A and S chains was detected around blood
vessels but was not detectable in the extrajunctional
basal lamina (Figs. 1 and 2). In DMD patients, immu-
noreactivity for the A chain was clearly detectable in
the extrajunctional basal lamina, whereas immunore-
activity for the M, B1, B2, and S chains was indistin-
guishable from that of normal humans (Fig. 1). In
Patients 1, 2, 5, 6, and 7, immunoreactivity for the B1

Frc. 1. Immunohistochemical anal-
ysis of laminin subunits in non-
Japanese SCARMD patients (Patients
2, 4 and 5): a normal human and a
DMD patient. Indirect immunofluores- A
cence of serial cryosections was per-
formed using mAb against adhalin and
laminin A, M, B1, B2, and S chains.
Optical slice images were obtained us-
ing cLSM. Immunoreactivity for adha-
lin was detected in the sarcolemma in a
normal human, whereas it was greatly M
reduced in a DMD patient and in Pa-
tients 2, 4, and 5. The reduction of
adhalin in Patients 2, 4, and 5 was
more severe than in a DMD patient. In
a normal human, immunoreactivity for
the M, B1, and B2 chains was detected
in the basal lamina surrounding mus- B1
cle fibers. Immunoreactivity for the A
and S chains was detected around
blood vessels but was not detectable in
the extrajunctional basal lamina. In a
DMD patient, immunoreactivity for
the A chain was clearly detectable in
the extrajunctional basal lamina, B2
whereas immunoreactivity for the M,
B1, B2, and S chains was indistin-
guishable from that of a normal hu-
man. In Patients 2 and 5, immunoreac-
tivity for the Bl chain was greatly
reduced, and immunoreactivity for the
S chain was clearly detectable in the S
extrajunctional basal lamina. Immuno-
reactivity for the A, M, and B2 chains
was indistinguishable from that of a
normal human or a DMD patient. Sim-
ilar findings were observed in Patient 1
(not shown). In Patients 3 (not shown)
and 4, abnormalities in the immunore-
activity for the laminin subunits were
not observed. Bar, 100 um.

Adhalin
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chain was greatly reduced, and immunoreactivity for
the S chain was clearly detectable in the extrajunc-
tional basal lamina (Figs. 1 and 2). Immunoreactivity
for the A, M, and B2 chains was indistinguishable from
that of normal humans or DMD patients (Fig. 1). In
Patients 3, 4, and 8, on the other hand, abnormalities
in the immunoreactivity for laminin subunits were not
observed (Fig. 1).

In the skeletal muscle of Patient 7, adhalin was
preserved, although greatly reduced, in an irregular
and patchy distribution along the sarcolemma (Fig. 3).
In this patient, double immunostaining analysis could
be performed using anti-adhalin and anti-laminin Bl
chain Ab and revealed the colocalization of the immu-
noreactivity for the residual adhalin and B1 along the
sarcolemma (Fig. 3). In the other patients, the defi-
ciency of adhalin was so severe that definite results
could not be obtained concerning the colocalization of
the residual adhalin and B1 by double immunostaining
analysis.

It was noteworthy that all five SCARMD patients
with the reduction of the B1 chain (Patients 1, 2, 5, 6,
and 7) were already confined to wheelchair or bed at

SCARMD
(Patient 4)

SCARMD
Patient 2

-
.

SCARMD
(Patient 5)

DMD
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Patient 7

Patient 6

Adhalin

Fic. 2. Immunohistochemical analysis of laminin B1 and S chains
in Japanese patients with SCARMD (Patients 6 and 7). Indirect
immunofluorescence of serial cryosections was performed using mAb
against adhalin and laminin B1 and S chains. Optical slice images
were obtained using cL.SM. In Patients 6 and 7, who were deficient
in adhalin, immunoreactivity for the B1 chain was greatly reduced,
and immunoreactivity for the S chain was clearly detectable in the
extrajunctional basal lamina. Immunoreactivity for the A, M, and B2
chains was indistinguishable from that of a normal human (not
shown). In Patient 8, gross abnormalities in the immunoreactivity
for laminin subunits were not observed, although adhalin was
deficient in the sarcolemma (not shown). Bar, 50 pum.

the time of muscle biopsy, whereas the three patients
with apparently normal expression of laminin (Pa-
tients 3, 4, and 8) could still walk at the time of muscle
biopsy (Table 1). This suggested that the abnormality
in laminin expression might reflect progression of the
disease. T'o know the correlation between the reduction
of the B1 chain and the severity of the histopathologic
changes, conventional histopathologic analysis of biop-
sied skeletal muscle was performed (Table 1). In the
skeletal muscle of the five patients with the reduction
of the B1 chain (Patients 1, 2, 5, 6, and 7), variation in
muscle fiber size and proliferation of interstitial con-
nective tissue in the perimysium and endomysium
were moderate to great (Fig. 4). In the skeletal muscle
of the two patients who had normal expression of the
B1 chain (Patients 3 and 4), however, the cyto-
architecture of muscle fibers was relatively well pre-
served, and variation in muscle fiber size and prolifer-
ation of interstitial connective tissue were mild (Fig. 4).
In Patient 8, who had apparently normal expression of
the B1 chain (Table 1), variation in muscle fiber size
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Patient 7

Adhalin

B1

Phase
Contrast

F1G. 3. Double immunostaining analysis of laminin B1 chain and
adhalin in a Japanese patient with SCARMD (Patient 7). Laminin
Bl chain was detected by incubation with anti-B1 mAb 4E10
followed by incubation with rhodamine-conjugated anti-mouse IgG
Ab. Adhalin was detected by incubation with affinity-purified sheep
anti-adhalin Ab followed by incubation with biotin-conjugated rabbit
anti-sheep IgG Ab and FITC-conjugated streptoavidin. Adhalin was
preserved, although greatly reduced, in a patchy and irregular
distribution in the sarcolemma in the muscle fibers shown in this
panel. Immunoreactivity for the residual B1 and adhalin was colo-
calized along the sarcolemma in these muscle fibers. Bar, 50 pm.

and proliferation of interstitial connective tissue were
moderate (Fig. 4).

DISCUSSION

Laminin is a cross-shaped molecule that has three
short arms made up of one each of three chains of
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Fic. 4. Histopathologic analysis of bi-
opsied skeletal muscle from SCARMD pa-
tients. Cryosections were stained with he-
matoxylin and eosin. In the skeletal
muscle of Patients 1, 2, 5, 6, and 7 with the
reduction of laminin B1 chain, variation in
muscle fiber size and proliferation of inter-
stitial connective tissue were moderate to
great in the perimysium and endomy-
sium. In the skeletal muscle of Patients 3
and 4, who had apparently normal expres-
sion of the B1 chain, cyto-architecture of
muscle fibers was relatively well pre-
served, and variation in muscle fiber size
and proliferation of interstitial connective
tissue were mild. In Patient 8, who had
apparently normal expression of the Bl
chain, variation in muscle fiber size and
proliferation of interstitial connective tis-
sue were moderate. Bar, 50 um.

classes A, B1, and B2 and one long arm made up of all
three chains (30, 31). The long arm has a large globular
domain at its distal end that is made up of a portion of
the A chain (or M in the case of merosin) (29).
a-dystroglycan binds to this globular domain of the
distal long arm of laminin (16, 35). In skeletal muscle,
the M chain is expressed in both junctional and extra-
junctional basal lamina, whereas the A chain is ex-
pressed only in the neuromuscular junction (31-33).
The B1 chain is expressed in the extrajunctional basal
lamina but is absent in the neuromuscular junction,
whereas the S chain, a homologue of B, is expressed
only in the junctional basal lamina (33, 36). The B2
chain is distributed throughout the basal lamina sur-
rounding both junctional and extrajunctional sarco-
lemma (33). Hence, laminin exists as merosin (M/B1/
B2) in the extrajunctional basal lamina and as either
s-laminin (A/S/B2) or s-merosin (M/S/B2) in the junc-
tional basal lamina.

In the present study, we demonstrate that the ex-
pression of two laminin subunits, the B1 and S chains,
is greatly disturbed in the skeletal muscle of the
SCARMD patients who have advanced clinical symp-
toms and histopathologic changes, irrespective of ra-
cial/geographical differences. Our results thus suggest
that the abnormality in the expression of laminin
subunits may correlate with the progression of the
disease. It is unknown if our findings may reflect
differences in the underlying genetic defects, because it
is unclear at present if all of the SCARMD patients
reported here have the same genetic defects.

Recently, Hayashi et al. investigated the status of
the expression of laminin subunits in various neuro-
muscular disorders (37). They reported the expression
of the A chain in the extrajunctional basal lamina in
DMD patients and the great reduction of the M chain
accompanied by the expression of the A chain in the
extrajunctional basal lamina in the patients afflicted
with Fukuyama-type congenital muscular dystrophy
(FCMD), a severe autosomal recessive muscular dys-
trophy prevalent in Japan (37). In other neuromuscu-
lar diseases, they did not find gross abnormalities in
laminin expression (37). Subsequently, Tomé et al.
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demonstrated the absence of the M chain in a subset of
European patients afflicted with congenital muscular
dystrophy (CMD) (38). Taken together with the previ-
ous reports that a-dystroglycan is greatly reduced in
DMD muscle (11, 28) and is expressed abnormally in
skeletal muscle from some patients with Fukuyama-
type congenital muscular dystrophy (39), these find-
ings suggest that the disturbance of the interaction
between «-dystroglycan and the M chain may play
important roles in the molecular pathogenesis of sev-
eral forms of muscular dystrophies.

At present, the cause of the distorted expression of
laminin subunits in severely diseased SCARMD mus-
cle remains unclear, but the elucidation of its mecha-
nism may provide insight into the molecular pathogen-
esis of this disease. Recently, adhalin was shown to be
a transmembrane protein with an extracellular do-
main that has limited structural homology with entac-
tin/nidogen, an adhesive protein in the basal lamina,
and the epidermal growth factor (EGF)-like region of
nerve growth factor receptors (15). Interesting to note,
entactin/nidogen, which itself contains EGF-like mo-
tifs, interacts with a single EGF-like motif of the B2
chain among many EGF-like sequences present in the
B1 and B2 chains (40). In addition, the B1 chain, but
not M/A or B2, was immunoprecipitated from the
solubilized myotube extracts by an Ab against dystro-
phin (41). Taken together, our results raise an intrigu-
ing possibility that, in addition to «-dystroglycan,
adhalin itself may directly interact with the compo-
nent(s) of the basal lamina, including laminin Bl
chain.

Laminin lacking one of its three constituent subunits
may not exist as a heterotrimer and may lose its
function as a structural component of the basal lamina
(42). Our results showing the reduction of the B1 chain
accompanied by the overexpression of the S chain raise
a possibility that, instead of merosin, s-merosin might
be expressed in the extrajunctional basal lamina in the
severely diseased SCARMD muscle. However, the im-
munostaining intensity for the S chain did not corre-
late strictly with the reduction of B1 (Table 1). It is
thus only speculative whether the S chain indeed
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replaces B1l, without biochemical data showing the
composition of the laminin heterotrimer in SCARMD
muscle. Furthermore, a recent study indicates that
biochemical properties of merosin and s-merosin are
similar in many aspects but also differ slightly (43).
This suggests that the reduction of the Bl chain may
not be compensated completely by S overexpression. In
any case, further biochemical research is needed to
clarify the putative interaction between adhalin and
the component(s) of the basal lamina and the mecha-
nism by which the deficiency of adhalin leads to the
abnormality in the expression of laminin subunits in
the basal lamina.

Table 2 summarizes the results of the recent studies
on the expression of dystrophin, dystrophin-associated
proteins, and laminin subunits in various muscular
dystrophies (9, 11, 19, 28, 37-39, 44-50). In conclusion,
the results of the present and recent studies suggest
that the disruption of the linkage between the subsar-
colemmal actin cytoskeleton and laminin in the basal
lamina via the DGC may be a common mechanism
leading to muscle fiber necrosis in several forms of
severe muscular dystrophies. The breakdown of this
linkage may cause the instability of the sarcolemma
and may eventually lead to muscle fiber necrosis and
devastating clinical symptoms.

METHODS
PATIENTS

We investigated skeletal muscle biopsy specimens from
eight SCARMD patients (Table 1). Of these patients, three
were Algerian, three were Japanese, one was French, and
one was a child of Arab and French parents. Patients 6 and
7 were reported in detail elsewhere (34).

ANTIBODIES

mAb 2G9 against human M chain, 11D5 against human A
chain, 4E10 against human B1 chain, and 2E8 against
human B2 chain of laminin were purchased from GIBCO
(Gaithersburg, MD). mAb C4 against bovine S chain was
obtained from the Developmental Studies Hybridoma Bank
maintained by the Department of Pharmacology and Molec-
ular Sciences, Johns Hopkins University School of Medicine
Baltimore, MD, and the Department of Biological Sciences,
University of Iowa, Iowa City, IA, under contract N01-HD-
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6-2915 from the National Institute of Child Health and
Human Development. A mouse mAb IVD3, and affinity-
purified sheep polyclonal Ab against adhalin were character-
ized previously (11, 19). FITC- or rhodamine-conjugated goat
anti-mouse IgG Ab, biotinylated rabbit anti-sheep IgG Ab,
and FITC-conjugated streptoavidin were purchased from
Boehringer Mannheim (Mannheim, Germany), Vector Labo-
ratories (Burlingame, CA), and Biomeda (Foster City, CA),
respectively.

IMMUNOHISTOCHEMICAL ANALYSIS USING CONFOCAL
LASER SCANNING MICROSCOPY

Cryosections (7 to 8 um) of skeletal muscle biopsy speci-
mens were placed on SuperFrost/Plus slides (Fisher Scien-
tific, Orangeburg, NY), air-dried for 30 minutes, and blocked
with 5% BSA in PBS, pH 7.4. The sections were incubated
with the primary Ab diluted in 5% BSA-PBS for 2 hours.
Working dilutions of the primary Ab are as follows; 2G9,
1:1000; 11D5, 1:5000; 4E10, 1:1000; 2E8, 1:200; C4, 1:500,
and IVD3,, 1:50. After extensive wash with PBS, the sections
were incubated with FITC-anti-mouse IgG Ab (1:200 in 5%
BSA-PBS) for 1 hour. The sections were again washed with
PBS and then mounted under coverslips with FITC-Guard
(Testog, Chicago, IL). Double immunostaining analysis was
performed using mouse mAb 4E10 (1:1000 in 5% BSA-PBS)
and affinity-purified sheep anti-adhalin Ab (1:20 in 5% BSA-
PBS) as primary Ab. Rhodamine-conjugated goat anti-mouse
IgG Ab (1:100 in 5% BSA-PBS) and biotinylated rabbit
anti-sheep IgG Ab (1:500 in 5% BSA-PBS) followed by FITC-
streptoavidin (1:1000 in 5% BSA-PBS) were used to detect
immunoreaction. cLSM was used to obtain detailed images
without out-of-focus artifacts and to determine fluorescent
intensity with digital value. Specimens were observed and
fluorescent images were obtained on a Zeiss cLSM model
LSM 310, using an argon ion laser (A = 488 nm). For double
staining analysis, an helium-neon laser (A = 543 nm) was
used to detect fluorescence from rhodamine. To collect infor-
mation through the whole thickness of the specimens, a
series of 10 optical slices/ field was taken at the z interval of
0.7 to 0.8 um, and one of these slices that showed the most
intense fluorescence signal was picked up to evaluate the
expression of respective laminin subunits. For conventional
histopathologic observation, specimens were stained with
hematoxylin and eosin. Immunoblot analysis of the compo-
nents of the DGC and laminin subunits was not possible
because of the small size of muscle biopsy specimens.

Date of acceptance: December 2, 1994.

TABLE 2. ABNORMALITIES OF DYSTROPHIN, DYSTROPHIN-ASSOCIATED PROTEINS (DAPS), AND LAMININ/MEROSIN IN MUSCULAR DYSTROPHIES

Dystrophin Laminin/Merosin
(Subsarcolemmal Cytoskeleton) DAPs (Sarcolemma) (Basal Lamina)
DMD= Absent Greatly reduced A Overexpressed
Symptomatic DMD Carrier®  Mosaic Mosaic Unknown
BMD* Patchy/reduced Patchy/reduced Unknown
FCMD® Abnormally expressed Abnormally expressed M greatly reduced; A overexpressed
(in some patients) (in some patients)
CMD* (a subset) Normal Normal M absent; A overexpressed
SCARMD” Normal Adhalin deficient (35DAG reduced) B1 greatly reduced; S overexpressed

(in some patients)

“ Represented by references 11, 28, 37, 44, and 48.
b Represented by references 45 and 50.

¢ Represented by references 44, 47, and 49.

4 Represented by references 37, 39, 44, and 46.

¢ Represented by reference 38.

f Represented by references 9, 19, and this paper.
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