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Contribution of immunological and genetic
investigations to improve classification of
patients with congenital muscular dystrophy

Nacim Louhichi, php, Chahnez Triki, MD, Mariem Meziou, MD, Souad Rouis, PhD, Hammadi Ayadi, PhD,
Faiza Fakhfakh, pPnhD.

ABSTRACT

Objectives: To minimize the uncertainty in clinica
diagnosis and improve the classification of 14 Tunisian
patients belonging to 12 families and affected with
congenital muscular dystrophy (CMD).

Methods: Fourteen patients belonging to 12 unrelated
families originating from the south of Tunisia and
affected with CMD were clinically examined between
1990 and 2001 in the neurology service of Chu Habib
Bourguiba, Sfax, Tunisia Immunohistochemica and
western blot analyses were used to explore protein
expression in muscular hiopsies and homozygosity
mapping using microsatellite markers for the genetic
study. These analyses were performed in the human
molecular genetics laboratory.

Results: Among the patients tested with anti-merosin
antibodies, 3 showed total laminin-a2 deficiency and the
remaining patients showed partial laminin-a2 deficiency.

All  patients expressed normaly a-sarcoglycan,
b-dystroglycan and dystrophin except 2 showing
reduction of expression in a-sarcoglycan and

b-dystroglycan. Linkage anaysis, performed for 8
families, was compatible with linkage to the LAMAZ2
genefor only 2.

Conclusion: Our results showed that clinical and
immunchistochemical analyses have allowed
classification of only 3 patients, immunohistochemical
and genotyping studies have contributed to the
classification of 7 patients. In the remaining cases, there
is no evident classification due to the lack of the genetic
exploration. Our results aso confirmed the broad
spectrum of phenotypes associated with a defect in
laminin-a2.
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Congenital muscular dystrophies (CMDs) are a
heterogeneous group of  neuromuscular
disorders transmitted in an autosomal recessive
pattern. Their severe manifestations consist of
muscle weakness and hypotonia at birth.t Muscle
biopsies show dystrophic features with abnormal
variation in fibre size and variable degrees of
connective tissue.2 Several sub-groups of CMD have
been defined on clinical, immunocytochemical and
genetic grounds. Some CMDs show clinical features

predominantly derived from the muscle dystrophy
cadled classcaa CMD (MDC1A). Regarding
classcal CMD, a primary deficiency in the
laminin-a2 chain (merosin) occurs in 40-50% of
cases®* and is caused by defects in the laminin-a2
gene (LAMA2) on chromosome 6g22.5¢ Other
forms, however, are associated with severe mental
retardation and structural brain or cerebellar
abnormalities of the central nervous system (CNS).
These forms include the Fukuyama type CMD
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(FCMD), caused by a mutation in FKT1,
Walker-Warburg syndrome (WWS), caused by a
mutation in POMT1 and muscle-eye-brain disease
(MEB), caused by a mutations in POMGNT1
genes.2  The remaining CMD forms with or
without brain abnormalities may be classified in
subgroups with a normal laminin-a2 expression and
those with a secondary deficiency of laminin-a2 not
due to defect in the LAMA2 gene. In fact, a
secondary laminin-a2 deficiency has been described
in a CMD form with calf hypertrophy localized on
chromosome 1g42 (MDC1B),®* in MDCI1C
localized on chromosome 19 and aso in FCMD?
and MEB®* but not in WWS2 In addition to the
laminin-a2 deficiency, other deficiencies in
muscular protein complex were reported in CMD
such as those in dystrophin, dystrophin associated
glycoprotein (DAG) and a-dystroglycan.t2
Therefore, regarding the phenotype heterogeneity in
CMD, the difficulty in establishing a differential
diagnosis can be overcome by using a complete
immunohistochemical study and genotyping. In
addition, variability in clinica and
immunocytochemical findings of CMD needs
further studies using several antibodies against
different regions of laminin-a2 and towards proteins
belonging to the matrix complex of muscular cells.
These studies aim at elucidating some correlation
between immunocytochemical changes and severity
of clinical phenotype.

To minimize the uncertainty in clinical diagnosis
and to improve classification of 14 Tunisian patients
affected by CMD and belonging to 12 unrelated
families, we have used immunohistochemical
analysis and genetic study. Our results show that
clinical and immunohistochemical analyses have
dlowed classification of only 3 patients,
immunohistochemical and genotyping studies have
enabled us to classify 7 patients. In the remaining
cases there is no evident classification because of
the lack of genetic exploration. Our results also
confirm the broad spectrum of phenotypes
associated with deficiency in laminin-a2.

Methods. Fourteen patients belonging to 12
unrelated families originating from Southern
Tunisia and affected with CMD were examined
between 1990 and 2001. Diagnosis of CMD was
made according to the clinica criteria as reported
elsewhere.2 Clinical and radiological investigations
were performed for these patients.

I mmunohistochemistry. Muscle specimens were
studied by conventional histological and
immunohistochemical methods2 Expression of
laminin-a2, dystrophin (dys-2), a-sarcoglycan
(DAG 50) and b-dystroglycan (DAG 43) were
evaluated using commercial monoclonal antibodies
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recognizing: human merosin 80 kDa fragment
toward C-terminal (mAb 1922 Chemicon,
Temecula CA), human merosin 300 kDa fragment
toward the  amino-termina  (NLC-merosin
Novocastra), dystrophin (NLC-DY S2 Novocastra),
b-dystroglycan (NLC-43DAG Novocastra) and
a-sarcoglycan (NLC-50DAG Novocastra).
Dilutions were carried out in phosphate-buffered
saline 1:500; 1:50; 1:50; 1:50; and 1:50. All primary
antibodies were applied for one hour and revealed

with an appropriate fluorescein isothiocyanate
(FITC)-conjugated secondary antibody
(FITC-conjugated rabbit anti-mouse

immunoglobulins DAKO).

Immunoblotting.  Laminin-a2 expression by
immunoblot was evaluated using the 80 kDa
monoclonal antibody against C-terminal fragment of
laminin-a2. Muscle cryosections were solubilized in
treatment buffer The nitrocellulose transfers were
stained with the primary anti-80 kDa fragments of
laminin-a2 antibody. Dilution was the same as that
used in immunohistochemical anaysis. Primary
incubation with this antibody was followed by anti
mouse immunoglobulin G (IgG) peroxidase
conjugate (1gG H+L code 75031 Sanofi Diagnostics
Pasteur) and revedled by ECL™ Western blotting
detection reagents kit  (Amersham-biotech).
Omission of the first antibody was routinely
performed as a separate control in order to check for
non-specific staining of the applied secondary
antibody.%

Genetic analysis. Blood samples were collected
from 10 individuals belonging to 8 families after
informed consent. Nuclear DNA was extracted from
blood lymphocytes using a  standard
phenol-chloroform technique from 10 ml of blood.
Polymorphic markers specific of the LAMAZ locus:
D6S1715, D6S407, D6S1705, D6S1620, and
D6S15725 were used. Polymerase chain reaction
amplification was carried out in 50 ml with 60 ng of
genomic DNA, 1mM of each primer, 125 mM
deoxyribonucleoside  triphosphates, 1.5 mM
magnesium chloride, 5 mM potassium chloride, 10
mM Tris-hydrochloric acid, pH 8.8 and 1U of Taq
DNA polymerase. Polymerase chain reactions were
performed for 35 cycles: initial denaturation at 94°C
for 10 minutes; followed by 94°C for 30 seconds,
annealing at 55°C for 40 seconds and extension at
72°C for 40 seconds; final extension for 5 minutesis
necessary. Polymerase chain reaction products were
anayzed on 6% denaturing polyacrylamide gel,
transferred onto N+ Hybond membrane (Amersham
Pharmacia Biotech) and hybridized with a poly AC
probe labeled with a3%P. Linkage analyses were
performed using the homozygosity mapping.

Results. Clinical findings. The main clinica
and radiological investigations of the 14 patients are
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Table 1 - Clinica, paraclinical and genetic data of 14 Tunisian patients.

Family Caseno/ Ageat Maximum Pattern of Contractures Intellect Cerebral MRI/ CK value Linkageto
number  Sex onset motor ability  weakness T2 ul/L LAMAZ2
weighted image

1 UF birth sitting + - NL WMC 665 linked

2 2/M birth sitting ++ - NL ND 3050 excluded

2 3IF birth sat unsupported + +++ mentally retarded ~ WMC+CC 7330 excluded

3 4/M birth sitting ++ ++ NL ND 1320 ND

4 5/F birth sitting + ++ NL ND 413 ND

5 6/M 3 months sitting ++ ++ NL WMC 912 linked

5 7IM birth sitting ++ ++ NL WMC 541 linked

6 8/F 4months sat unsupported + 4+ mentally retarded ~ WMC+CC 2978 excluded

7 9/F 2months sat unsupported ++ +++ NL ND 2600 excluded

8 10/F birth sat unsupported + +H+ mentally retarded ~ WMC+CC 4000 excluded

9 1UF birth sitting + +++ NL WMC+CC 254 ND
10 12/M birth sat unsupported ++ +++ mentally retarded ~ WMC+CC 5500 excluded
11 13/F birth sitting ++ + NL WMC 633 excluded
12 14/M birth sat unsupported + - NL ND 67 ND

M - male, F - female, NL - normal, ND - not determined, CK - creatine kinase, WMC - white matter changes, CC - cerebellar cysts,
Pattern of weakness: + - generalized with proximal predominancy, ++ - generalized
Contractures:. - absent, + - localized, ++ - multiples and moderate, +++ - multiples and severe
Table 2 - Western Blot and immunofluorescence analyses of expression of merosin and expression of dystrophin, a-sarcoglycan and b-
dystroglycan on muscle cells from 14 patients with CMD.
Family Case no. WB IF IF IF Linkage
number 80 kDa 300 kDa 80 kDa b-dystroglycan a-sar coglycan dystrophy toLAMA2
(merosin)  (merosin) (merosin)

1 1 +/- - - + + + linked

2 2 +/- ND + +/- ND ND excluded

2 3 - +/- ND + - +/- excluded

3 4 +/- ND + + ND ND ND

4 5 - ND - + ND ND ND

5 6 - - - ND + + linked

5 7 +- - + + + linked

6 8 + - ND + + + excluded

7 9 +/- - ND ND + + excluded

8 10 +/- - - ND + + excluded

9 11 + + ND + + + ND
10 12 + +/- ND + + + excluded
11 13 - - - + + + excluded
12 14 + ND + + ND ND ND

CMD - congenital muscular dystrophy, ND - no data
80kDa - antibody against human merosin 80 kDa fragment, 300 kDa - Antibody against human merosin 300 kDa fragment,
+ - presence, - absence, +/- presence of continued or discontinued fluorescence on afew muscle fibers
IF - Immunofluorescence, WB - Western Blot

summarized in Table 1 Note the severe phenotype
of patients 3, 8, 10, 11 and 12 who showed severe
psychomotor retardation with unsteady head
control, inability to stand or walk, marked delay in
the language acquisition, mental retardation (except
for patient 11) and very high creatine kinase levels.
Cerebral MRI revealed white matter change and
cerebellar cysts in these patients . Patients one, 6, 7
and 13 showed classicd CMD features with
weakness, variable contractures and white matter
changes without mental retardation. Patients 2, 4, 5,
9 and 14 showed CMD features with normal
intellect and with contractures in cases 4, 5 and 9.
Cerebral MRI exploration was not performed for
these patients.

Immunohistochemical and western  blot
analyses. For 10 patients, the study of laminin-a2

expression was performed using the 2 antibodies
directed against anti-80 and anti-300 kDa fragments
of laminin-a2 (Table 2). In this group, 2 patients
(patients 6 and 13) showed no Laminin-a2
immuno-staining in muscle fibre surfaces with both
anti-80 and anti-300 merosin fragments antibodies.
Immunablot analysis with the 80 kDa antibody did
not reveal any specific laminin-a2 band for these
patients (Figure 1). Seven patients (one, 3, 7, 8, 9, 10
and 12) showed a partial laminin-a2 expression. In
fact, in patients one, 7, 9 and 10, laminin-a2 was
partialy revealed with the anti-80 kDa antibody.
For these patients, there was no immunostaining on
muscle fibres with the anti-300 kDa antibody.
Immunoblot analysis with the anti-80 kDa antibody
did not show any specific bands (Table 2, Figure 1).
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Figure 1 - Western blot of laminin-a2 with antibody to 80 kDa
fragment. Lane 1, normal control; lane 2, patient 1; lane 3,
patient 2; lane 4, patient 4; lane 5, patient 5; lane 6, patient
6; lane 7, patient 7; lane 8, patient 10; lane 9, patient 13;
and lane 10, patient 14.

Figure 3 - Immunofluorescence labeling of C-termina laminin-a2
chain (80 kDa) in skeletal muscle from patient 3 (c),
patient 12 (€) and normal control (a). Immunofluorescence
labeling of N-termina laminin-a2 chain (300 kDa) in
skeletal muscle from patient 3 (d), patient 12 (f) and
normal control (b).
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Figure 2 - Immunofluorescence labeling of C-termina laminin-a2
chain (80 kDa) in skin biopsies from patient 7 (a) and
normal control (b).
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Figure 4 - Haplotypes for 5 polymorphic markers from the genomic
region containing the LAMA2 gene. The affected
individuals, who are daughters of a first-cousin marriage,
are denoted by blackened symbol. A double line indicates
the consanguineous mating. The 2 families have been
linked to the LAMA2 locus because of homozygosity.
Family 1: patient 1; and family 5: patient 6 and 7.
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A skin biopsy specimen, obtained from patient 7,
showed also an absence of laminin-a2 with the 80
kDa antibody (Figure 2). Patient 3, who is the sister
of the patient 2, had no immunostaining on her
muscle fibres with the anti-80 kDa antibody, while
the anti-300 kDa antibody elucidated a weak
non-homogeneous signal on most fibres (Figure 3).
Laminin-a2 immunostaining in patients 8 and 12
showed normal intensity with the 80 kDa antibody,
but revealed the absence of fluorescence with
anti-300 kDa antibody for the first case and reduced
intensity for the second (Figure 3).
Immunohistochemical study for muscle biopsy of
patient 11 showed normal labeling on muscle fibers
with both antibodies of laminin-a2. Immunoblot
was not performed for this patient. For the 4 patients
(2, 4, 5 and 14), invedtigation of laminin-a2 was
performed using only the anti-80 kDa antibody
because of the lack of biopsies for these patients
(Table 2, Figure 1). Immunostaining and
immunoblot analyses of muscle fibres of patient 5
showed an absence of laminin-a2 C-terminal region
(80 kDa). However, for patients 2 and 4,
immunostaining with anti-80 kDa antibody was
dlightly reduced and relatively uniformly distributed
on cell surfaces. Immunoblot showed a specific
band for laminin-a2 (Figure 1). In patient 14,
Laminin-a2 was normally present, when both
immunostaining and western blot analyses were
performed using the 80 kDa antibody (Table 2
Figure 1). Alpha-sarcoglycan, b-dystroglycan and
dystrophin immunostaining were normally present
on muscle fibre surfaces of patients studied in this
series except in patient 3, where dystrophin was
partially expressed, a-sarcoglycan was absent and
in patient 2 who had a partial immunostaining on
muscle fibres with the anti b-dystroglycan antibody

(Table 2). The immunohistochemical analysis using
2 antibodies for anti-merosin for 10 patients allowed
us to conclude for a partial laminin-a2 deficiency in
7 patients, a total deficiency in 2 patients and a
normal expression in one patient. However, the use
of only anti-80 kDa in the 4 other patients led us to
deduce an abnormal expression of C-terminal
fragment of laminin-a2 in 3 patients and a normal
expression in one case. On the basis of clinical and
immunohistochemical data, patients one, 6, 7 and 13
with hypotonia, white matter changes, normal
intelligence and laminin-a2 deficiency could be
affected by classica CMD form (MDC1A) which is
due to LAMA2 gene defects. However, the
remaining patients could not be classified when
using only clinical and immunohistochemical data.
Genetic analysis. The genetic study was
performed on 10 patients belonging to 8 Tunisian
families in order to determine whether the
deficiency of laminin-a2 detected in the studied

patients is a primary genetic defect caused by
mutations in the LAMAZ2 gene or whether it is a
secondary deficiency due to other gene defects.
Linkage analysis by homozygosity mapping for
these families was compatible with linkage to the
LAMAZ2 locus on 6022 for only 2 families: family
one (patient one); family 5 (patients 6 and 7) (Figure
4). For the families 2, 6, 7, 8, 10 and 11 (families of
patients 2, 3, 8, 9, 10, 12 and 13) genetic analysis
excluded any linkage to the explored locus. For
families 3, 4, 9 and 12, genetic analysis was not
performed. The genetic results confirmed
classification of patients one, 6 and 7 in the
MDCI1A form but excluded patient 13 from this
group. The genetic study reveded aso that
deficiency of laminin-a2 expression in patients 2, 3,
8, 9, 10, and 12 is secondary and could be due to
abnormalities in other genes. Four patients (4, 5, 11
and 14) with severe phenotype and with laminin-a2
deficiency could not be classified into the 2
previousy mentioned groups due to the lack of
genetic exploration. The combination of clinical,
immunological and genetic explorations suggest the
presence of 3 groups. the first group including 3
classical CMD patients (patients one, 6 and 7) with
hypotonia, ~white matter changes, normal
intelligence and primary laminin-a2 deficiency; the
second group containing 7 patients (patients 2, 3, 8,
9, 10, 12 and 13) with severe phenotype, menta
retardation, central nervous system abnormalities
and secondary laminin-a2 deficiency and the last
one containing patients 4, 5, 11 and 14 who could
not be classified due to the lack of genetic study.

Discussion. Phenotyp hetero%enaty
characterizing CMD constltutas a difficulty in
establishing a differential diagnosis. In order to
minimize the uncertainty in clinical diagnosis and to
improve the classification of 14 Tunisian patients
affected with CMD and belonging to 12 families,
we used immunohistochemical analysis and genetic
study. The mgjority of published CMD cases have
been defined immunocytochemically and only 21%
have been studied with more than one laminin-a2
antibody? and much less have been studied with
other  antibodies. In this paper, the
immunohistochemical analysis was performed with
antibodies against the 2 fragments of laminin-a2
and other sarcolemmal proteins. a-sarcoglycan,
b-dystroglycan and dystrophin. The
immunohistochemical analysis using 2 anti-merosin
antibodies for 10 patients alowed confirmation of
partia laminin-a2 deficiency in 7 patients and a
total deficiency in 3 patients. Immunoblot analysis
using the same anti-80 kDa antibody confirmed the
immunohistochemical results. These features
illustrated the need to assess laminin-a2 status with
more than one antibody; so a wider panel of
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antibodies against different regions of this protein is
required to avoid false positive or negative results.
In fact, among these cases, a hormal expression of
the 80 kDa fragment was observed with patient 9
who showed a reduced expression of the 300 kDa
fragment when tested with the relevant antibody.
Recently, the immunohistochemical patterns of 3
CMD cases using several anti-laminin-a2
antibodies have alowed authors to refine the
epitopes of the commercially available antibodies
and illustrate the importance of antibodies directed
against different domains of the protein.z The use of
more than one antibody was also described in
immunohistochemical investigation of Duchenne
muscular biopsies, where antibodies recognizing
different regions of dystrophin were essential to
assess Duchenne dystrophy.2

The use of a pand of antibodies covering the
laminin-a2 will be required to supervise the search
for mutations. In fact, the LAMAZ2 gene is very
large, with 64 exons and a transcript of more than
10 kb, and hence, the potential of mutations in
different parts of the geneislarge.

Expression of laminin-a2 had also been reported
in norma skin in the basement membrane at the
junction of the dermis and epidermis.3! We studied a
skin biopsy specimen from patient 7, brother of
patient 6. Unlike his brother, he showed a partial
deficiency of laminin-a2 in his muscle biopsy.
However, in his skin biopsy, there was no
expression of laminin-a2 at the dermal epidermal
junction. Our result was in agreement with previous
findings? and suggests that the skin biopsy
specimen can provide a useful complementary
aternative to muscle biopsy samples for a best
assessment of laminin-a2.

In addition to the immunohistochemical study,
the CMD diagnosis yield may be increased by
genetic analysis and alowed to improve
classification of patients affected with CMD,
especially in cases with secondary laminin-a2
deficiency, which is not due to abnormality in
LAMAZ2 gene. In our study, genetic analyses in
families one and 3 (patients one, 6 and 7) were
compatible with linkage to the LAMA2 gene on
chromosome 6022, suggesting that the
abnormalities in protein expression for patients one,
6 and 7 could be caused by mutation(s) in the
LAMAZ2 gene. In 6 families (2, 6, 7, 8, 10 and 11) of
patients with partial reduction in laminin-a2,
linkage analysis excluded the LAMAZ2 gene. These
findings suggest that this deficiency is secondary
and might be due to defects in other genes. These
families were aso excluded from other CMD
explored loci: MEB, CMD1B, FCMD and RSMD1
loci.»® Current analyses showed linkage to the
MDC1C locus on 19g13.3 for these families (data
not shown).
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The results of investigation of laminin-a2
expression in Tunisian patients affected with CMD
illustrates and confirms the expanding clinical
phenotype of patients with laminin-a2 deficiency
as described previousy? Other recent reports
support this variability.** In fact, we have
identified 10 patients with either partial or total
laminin-a2 deficiency; but only 4 patients (one, 6, 7
and 13) have the features of the typical classica
CMD such as hypotonia, white matter changes and
normal intellect. Among these 4 patients, 3 of them
belonging to 2 families (one and 5) are linked to the
LAMAZ locus. However, patient 13 (family 11) had
typical classical CMD features, total laminin-a2
deficiency and showed exclusion from LAMAZ2
locus. This exclusion is probably due to a
recombination phenomenon, which leadsto aloss of
the homozygosity at 6g22. Only the search for
mutations in the LAMAZ2 gene for this patient could
confirm these findings. Patients 2, 3, 8, 9, 10 and
12 with a secondary partial laminin-a2 deficiency
had the most severe phenotype characterized by
hypotonia, weakness at birth and inability to achieve
the upright position with cerebral abnormalities.

In the present study, all patients expressed normal
a-sarcoglycan, b-dystroglycan and dystrophin
except the 2 patients of family 2 (patients 2 and 3).
These patients showed a reduction of expression of
a-sarcoglycan and b-dystroglycan. Genetic analysis
confirmed the secondary laminin-a2 deficiency in
this family and showed that it is linked to MDC1C
locus (data not shown).

In summary, we report clinical,
immunohistochemical and genetic studies in 14
cases of CMD with variable phenotypes. The
combination of the clinical, immunochemica and
genetic findings alowed us to divide these patients
into 3 groups. a first group with total laminin-a2
deficiency, classical CMD features and linked to
LAMA2 gene, a second group with a severe
phenotype, partial laminin-a2 deficiency and
excluded from the LAMAZ2 locus and the third one
which could not be exactly classified due to the lack
of genetic study.
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