
PROCEEDINGS OF THE BALKAN SCIENTIFIC CONFERENCE OF BIOLOGY
IN PLOVDIV (BULGARIA) FROM 19TH TILL 21ST OF MAY 2005

(EDS B. GRUEV,  M. NIKOLOVA AND A. DONEV), 2005 (P. 303–314)

DIAGNOSIS OF MUSCULAR DYSTROPHIES
BY WESTERN BLOT

Cristina Bordea∗, R. Vatasescu, Georgiana Stoica, D. Miscalencu,
Anca Dinischiotu, Marieta Costache, Elena Ionica

University of Bucharest, Faculty of Biology, Center of Molecular Biology,
Splaiul Independentei, 91-95, Sect 5, Bucharest, Romania, Tel/Fax

+4021.411.99.01, Contact person: Elena Ionica: incln @bio.bio.unibuc.ro

ABSTRACT. The aim of our studies is to improve the diagnosis of muscular
dystrophies by immunoblot evaluation of sarcolemmal protein expression.

Muscle biopsies of quadriceps muscle were taken from 15 patients, suspected
for muscular dystrophies, as part of the routine procedure. Muscle samples from
normal control subjects were obtained with consent, from legs amputated. The
biopsies samples were frozen in isopentan cooled in liquid nitrogen. Conventional
histological techniques (hematoxylin & eosin) and immunohistochemistry were
performed on 7µm – transverse cryosections.

In our studies we used Western blot methods with a biphasic polyacrylamide
gel system [1]. This method was optimized in order to separate the large proteins,
more then 200 kDa (e.g. dystrophin), in the top of the gel, and the small proteins,
under 150 kDa (e.g. calpain 3, sarcoglicans) in the bottom phase.

The monoclonal primary antibodies were applied on the same gel and the
immunoreactive bands on blot were visualized by using a chromogen method with
Western Breeze .

Dystrophin analysis by Western blot revealed a complete lack of this protein in
73,3% (11) of patients which is compatible with Duchenne muscular dystrophy
(DMD) diagnosis. In 26,6% (4) of patients is detected an abnormal dystrophin
immunolabelling and molecular weight which sustain Becker muscular dystrophy
(BMD) diagnosis.

This method is particularly usefull in BMD patients because bands of abnormal
size and abundance can be easily detected.

Definitive diagnosis of patients with inherited muscle disorders are essential
for the provision of accurate prognostic and genetic counseling.
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INTRODUCTION
Striated muscle fibbers interact with a specialized extracellular matrix, the

basement membrane, upon which they depend for survival and function  [2, 3, 4, 5].
This interaction is mediated primarily by a large oligomeric dystrophin -

associated protein (DAP) complex as well as by integrin receptors. Based on their
biochemical properties, the DAP complex can be subdivided into three subcomplexes
as follows: the dystroglycan complex (α/β) the sarcoglycan (α/β/χ/δ/ε)-sarcospan
complex, and the cytoplasmic complex (dystrophin, syntrophin, and dystrobrevin)
[6].

Dystrophin associated proteins (DAP) complex has a great significance
because it establish a transmembrane link between subsarcolemmal citoskeleton (F-
actin) and extracellular matrix (merosin) (7, 8, 9, 10) The presence of these proteins
is presumed to be required for the maintenance of the cytoarchitecture of myofibers
as well as for their anchorage and viability.

Several of the muscular dystrophies characterized to date, are caused by
mutations in the genes encoding for components of the dystrophin–associated
complex (DAP) (3,4,5,10). The mutation in the genes of α-, β-, γ-sarcoglycans
proteins lead to a group of muscular dystrophies with autosomal recessive
transmission called limb girdle muscular dystrophy (LGMD).

In fact, the most prevalent form of muscle disorder, Duchenne muscular
dystrophy (DMD), and its milder version Becker muscular dystrophy (BMD) is
caused by mutations in the dystrophin gene. Dystrophin is an extremely large protein
(427kDa), which in normal skeletal muscle is located to the inner face of
sarcolemma, (11,12,13) being absent in Duchenne muscular dystrophy (12,14,15).
Becker muscular dystrophy generally, results from an altered (14) or reduced level of
dystrophin protein (16,17).The concomitant reduction of the DAP complex with
dystrophin in striated muscles of Duchenne muscular dystrophy patients suggests a
critical role for the DAP complex in the maintenance of membrane integrity (18,19).

The gene encoding dystrophin is the largest identified in humans, occupying
approximately 1% of the X chromosome. It extends over 2300 Kb and comprises 79
exons (20). Approximately 60-70% from the patients which were diagnoses with
DMD/DMB have a deletions in the dystrophin gene. The remaining 30% are assumed
to results from micro deletions, point mutations or partial duplications (11).

Given the size of the dystrophin gene and the possibility of point mutations
(which are not always identified by genetic analysis) diagnosis of dystrophynopathies
may be more quickly achieved by using Western blotting. The method presented
allow us simultaneously analysis of current muscular dystrophy proteins.
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MATERIAL AND METHODS

Patients
Muscle biopsies (usually from gastrocnemius) were taken from patients as a

part of the routine diagnostic procedure. Muscle samples from normal control
subjects were also obtained, with consent, from legs amputated at the knee
(gastrocnemius). The biopsies samples were frozen in isopentan cooled in liquid
nitrogen.

Immunohistochemistry
Diagnosis by conventional histological techniques (hematoxylin & eosin) and

indirect immunohistochemistry was primarily undertaken in the Department of
Neurosciences, Institute of Medicine and Neurosciences, Clinical Hospital Colentina,
Bucharest.

Polyacrilamide gel electrophoresis and Western blottting
BioRad TRANS-BLOT SD equipment was used to cast one 16-cm gel, 1,5

thick.
The resolving gel was poured in two phases: the first (bottom phase) of 7%

polyacrilamide gel. The second gel of 5,5% was poured after the bottom part
polymerize. After the resolving gel was set, the stacking gel of 3% acrylamide was
poured above the resolving gel and allowed to polymerize around the comb (20 x
1,5cm).The gel polimerize overnight. The next day the samples were prepared while
the gels were setting. Frozen muscle samples (60mg) were quickly weighed and
homogenized for 15 minutes in a Poter homogenizer with extraction buffer
(0,125mol/L Tris/HCl buffer, pH 6,4, 10%glicerol, 4% SDS, 4mol/L urea, 10%
mercaptoethanol, and 0,001% bromphenol blue) pH 6,8. The samples were placed in
boiling water for 3 minutes and centrifuged at 8000 x g for 15 minutes before 30µl
aliquots of the supernatant were applied to each lane. The gel were run at 200V, one
hour in a tank buffer containing 1,44 % glycine, 0,3% Tris, and 0,2% SDS.

After electrophoresis the gel was blotted with a current of a constant amperage
calculated with respect to BioRad instructions (mA=L gel x l gel x 3), for 1 hour. We
use a nitrocellulose membrane and Towbin buffer as a transfer buffer.

After blotting a part of the gel was fixed in 20% tricloracetic acid, stained in
0,115% Coomasie brilliant blue in 25%ethanol/10%acetic acid and unstained in
ethanol: and acid acetic.

Immunolabeling of blots
The non-specific sites from the blot were blocked by incubations in Blocking

solutions from the kit (Western breeze kit, Invitrogen), on a rocking table, overnight,
at 4°C. The primary mouse monoclonal antibodies were added individual or together
in a cocktail (Table 1).

After incubation in blocking solution overnight, the blot was washed in Wash
solutions for 3 times, 2 min./wash. After the final wash, the blots are incubates with
Second antibody solution for 1 hour. After 3 times, 2 min./wash, the immunoreactive
bands on the blot were visualized by exposure to Chromogen solutions. The blots can
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be scanned and the images stored on optical disc for future densiometric analysis or
for illustrations by VILBER LOURMAT SYSTEM (Bio-Profil).

RESULTS
Immunofluorescence analyses
An absence or marked deficiency of dystrophin immunostain was observed in

DMD. Immunostain for utrophin is extended from the neuromuscular junction (NMJ)
at surface of whole sarcolemma in all the analysed cases (data not show).
Glycoproteins of sarcoglycan complex are expressed but sometimes they are lower
expressed.

In BMD patients immunofluorescence revealed a variable reduction of
dystrophin expression (Fig.2). Expression of utrophin on whole surface of
sarcolemma suport diagnosis of Becker muscular dystrophy (data not show).

Western blot analyses
Fig1. shows a blot labelled for the Dys1 and Dys2, which was obtained after

western blot analyses of five  patients. Comparatively with lane M which illustrates
several bands representing proteins of molecular marker weight, samples from
normal control subjects,  (lanes labeled C), demonstrate a clear separation of the
bands representing dystrophin. A single band (427kDa) is detected with the C-
terminal antibody, while the antibody to the rod domain typicaly recognises a doublet
(427 kDa and 400 kDa) plus lower molecular mass metabolites (11).

In the lanes 1A and 1B we can see a reduction in the amount of normal
dystrophin protein. By using rod domain antibody (Fig.1, lane 1A) we obtained a
double band, and a single band was detected by using C-terminal antibody (Fig.1,
lane 1B). For these bands the signal was at less intensity, which can be associated
with a lower amount of protein, comparatively with normal control samples. These
data lead to Becker muscular dystrophy diagnosis. Our results were well correlated
by immunofluorescence studies which show a variation in dystrophin labelling
intensity (Fig.2).

Other two patients diagnosed with Becker muscular dystrophy, showed bands
of abnormal size and abundance, because they had a dystrophin molecule of
abnormal molecular weight:

- at one patient (Fig.1, lanes 3A and 3B) we obtained a weakly signal
(almost undetectable) for the antibody against the rod domain (Fig.1 3A) of
dystrophin and a complete absence of immunolabelling (or nondetectable dystrophin)
when we used  C-terminal antibody (Fig.1, lane 3B).

-  at the second patients (Lanes 4A and 4B) of Fig1 is from the patient
with Becker muscular dystrophy and demonstrates a double bands of abnormal size
when we use the antibody for the rod domain of dystrophin (Fig. lane 4A). A band of
abnormal size is also detected with C-terminal antibody (Fig.1, lane 4B).

Each of the patiens with Duchenne muscular dystrophy shows a complete
absence of dystrophin labeling on blots (for both rod domain and C-terminus
antibodies (Fig.1, Patient 2 lanes 2A ,2B, Patient 5 lanes 5A, 5B).



Diagnosis of muskular dystrophies…

307

We examined expression of dystrophin in DMD/BMD patients by Western blot
and immunofluorescence studies. The combination of these techniques allowed us to
demonstrate a variable dystrophin expresion and the presence of two different
dystrophins, normal-sized or reduced-sized in muscle fibers of DMB patients.
Dystrophin analysis by Western blot revealed a complete lack of this protein in
73,3% (11) of patients which is compatible with Duchenne muscular dystrophy
(DMD) diagnosis. In 26,6% (4) of patients is detected an abnormal dystrophin
immunolabelling and molecular weight which sustain Becker muscular dystrophy
(BMD) diagnosis (Table 2). Our results obtained by Western blot (Table 2) are
confirmed by those from immunofluorescence.

DISCUSSION
Patients for this study was diagnosed as dystrophinopathies (DMD/DMB) by

immunohistochemical analysis of dystrophin. Because, this technique was not
relevant, for a clear diagnosis,  we tried to confirm the diagnosis, using Western blot
analyses. The Western blot system is a multiplex in which many of the current
muscular dystrophy proteins could be analyzed simultaneously on one pair of blots.

By Western blots, the value of analysing dystrophin of skeletal muscle for
differential diagnosis of Xp21 muscular dystrophies, was fairly well establish by
Nicholson LV, 1989 (21).

Western blot analysis confirms the diagnosis of Duchenne muscular dystrophy
for both cases analysed. Each of the patiens with Becker muscular dystrophy express
reduced levels or truncated dystrophin isoforms.

On Western blots of our DMD patients no dystrophin labelling was detected
using antibodies against COOH terminal end, and a negative immunolabeling for
dystrophin was observed using antibodies against rod domain. These result are in
concordance with the dates from the literature (11,22).

The majority of DMD patients have frame-shifting mutations at the dystrophin
gene, that could be the result of no dystrophin protein produced beyond the position
of the new STOP codon. In fact, complete lack of dystrophin (the absence of
dystrophin signal) is patognomonic for DMD. (11,23) although faint bands in various
places might be indicate particular mutations (24,25).

By other studies (26,27) Western blot analysis demonstrates that little or no
dystrophin protein can be detected using antibodies against COOH-terminal end of
the protein, and in some patients, by using antibodies against NH2-terminal end of the
protein could be detected a truncated protein (26,27). It could suppose that
dystrophines which lack the C-terminus are unstable and rapidly degraded by the cell.

Dystrophin of normal size and amount is inconsistent with Duchenne muscular
dystrophy, and instead implies an autosomal recessive limb girdle muscular
dystrophy (28)

In contrast, the majority of BMD mutations maintain the reading frame (in-
frame mutations) of the dystrophin transcript, and result in the production of the
dystrophin protein which is internally deleted. Indeed, most BMD patients have
detectable dystrophin of reduced size on Western blot analysis of muscle biopsy
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samples using antibodies against  both COOH- and NH2-terminal (26,27,28) Some of
BMD patients revealed by Western blot analysis a normal-sized but reduced
abundance of dystrophin (11,29,30).

Our BMD patients have detectable dystrophin of reduced size and abundance
on Western blot analysis by using antibodies against both COOH- and NH2-terminal.
One of three BMD cases had weakly (almost undetectable) bands lower then the
bands in the normal control samples when using antibody to the rod domain of
dystrophin while a complete absence of immunolabelling was demonstrated by using
C-terminus antibody. This patern of dystrophin expression is associated with a severe
BMD phenotype. It is known that BMD covers a wide range of presenting symptoms.

The occurence of additional band is not always an underlying genetic cause.
These unidentified bands appears to be due to degradation products probably induced
by the transport of the samples from Hospital Colentina to our laboratory.

CONCLUSIONS
The results of Western blot were compatible with those from

imohistochemistry but difference were also observed, e.g. one patient diagnosis with
Becker muscular dystrophy by immunhistochemical analysis shows no dystrophin
labeling on blots which is according to Duchenne muscular dystrophy diagnosis.

Dystrophin immunolabeling on blots is particulay useful in BMD patients
because bands of abnormal size and abundance are easily detected. Analysis of
muscular proteins on Western blot are necessary in directing further genetic analysis.

Definitive diagnosis of patients with inherited muscle disorderes are essential
for

The provision of accurate prognostic and genetic counseling (31).
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Table 1. Antibodies, Dilutions

Mouse primary antibodies Secondary
antibodies

Chromogen

Dys 1 (Dystrophin rod
domain) 1:250

Novocastra Lab.,
Newcastle, UK

Western breeze
(invitrogen)

Western breeze
(invitrogen)

Dys 2 (Distrophin
terminus) Novocastra
Lab., Newcastle, UK

Western breeze
(invitrogen)

Western breeze
(invitrogen)

Table 2. The results of Western blot analyses DMD-Duchenne muscular dystrophy; DMB-
Becker muscular dystrophy; ’’-’’ absence of immunolabeling for dystrophin; Dys1-antibody

against rod domain of dystrophin; Dys2 –antibody against C-terminal end of dystrophin

No: Disease Dys 1 Dys 2
1 DMD - -
2 DMD - -
3 DMD - -
4 DMD - -
5 DMD - -
6 DMD - -
7 DMD - -
8 DMD - -
9 DMD - -
10 DMD - -
11 DMD - -
12 DMB reduced reduced
13 DMB truncated truncated

14 DMB
reduced,
truncated

-

15 DMB reduced reduced



Cristina Bordea, R. Vatasescu, Georgiana Stoica, D. Miscalencu, Anca Dinischiotu,
Marieta Costache, Elena Ionica

312

M      C      1       2      3      4      5          C       1      2      3     4     5

Fig. 1. Immunoanalysis of muscle homogenates from five patients with DMD/DMB
A. Blot labeled with antibodies to rod domain of dystrophin (400kDa )M-Molecular

marker weight; C-normal control; lane 1-BMD, reduced dystrophin labelling; lane 2-
DMD; lane 3-severe BMD, dystrophin immunolabeling almost undetectable ;lane 4-
BMD, truncated dystrophin; lane 5-DMD B. Blot labeled with antibodies to carboxy
terminus of dystrophin (400kDa) C-normal control; lane 1-BMD, reduced dystrophin

labelling; lane 2-DMD; lane 3-severe BMD, absence of immunolabelling ;lane 4-BMD,
truncated dystrophin; lane 5-DMD. Note that the complete loss of all bands in lane 2

StripA is evidence that the multitude bands seen in control lanes are dystrophin
metabolites and not product of other genes.

A BA B
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c d

e f

a b

Fig 2. Immunofluorescence analysis of dystrophin expression in one patient
with DMD missdiagnosed as DMB by immmunofluorescence and unaffected
patient control. a. Control for Dys1; b. Dys1 marked reduction of expression

comparative with Control; c. Control for Dys2; d. marked reduction of
expression comparative with Control e. Control for Dys3; f. very low

immunolabeling for Dys 3 comparative with Control


