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Dystrophin assay in muscular dystrophies:
An Indian experience
S. JAIN, C. SARKAR, A. K. DINDA, M. C. MAHESHWARI

ABSTRACT
Background. Dystrophin, a protein situated on the

plasma membrane of skeletal muscle has been found to be
abnormal in quality and quantity in patients with muscular
dystrophies and may be useful in distinguishing between
the different types. Experience with the technique has been
limited to western countries.

Methods. We used dystrophin staining with monoclonal
NCL-DYS (rod domain) antidystrophin antibody using the
avidin-biotin conjugate immunoperoxidase technique in
16 out of 20 patients with various types of muscular
dystrophies at a large tertiary care medical centre in India.

Results. The 1echnique was unsuccessful in 4 cases.
In the others the dystrophin staining pattern correlated well
with the clinical diagnosis in 11 out of 16 patients. In the
other 5 patients dystrophin assay helped to differentiate
between Duchenne muscular dystrophy and the Becker
muscular dystrophy in 2 patients suspected to have limb-
girdle muscular dystrophy, it differentiated Duchenne
muscular dystrophy from the Emery-Dreifuss muscular
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dystrophy and detected a manifest female carrier with
Duchenne's dystrophy.

Conclusion. Dystrophin staining may be useful in the
differential diagnosis of patients with muscular dystrophies
in India.
Natl Med J India 1993;6:259-62

INTRODUCTION
Dystrophin is a 400 kD molecular weight protein which is
normally located on the sarcoplasmic face of the plasma
membrane of skeletal muscle. Its exact function is not
known but is thought to be involved in the maintenance of
membrane integrity. For this both the size and level of
dystrophin must be normal. When dystrophin is absent or
present in reduced levels in an abnormal molecular weight,
breaks develop in the plasma membrane under the influence
of calcium leading to fibre necrosis as is seen in patients with
muscular dystrophy.

Duchenne muscular dystrophy (DMD) is one of the
commonest neuromuscular diseases of childhood and has
been reported to occur in about 1 in 3300 live-born males.'
It is now established that DMD is defined by marked dys-
trophin deficiency. 2 The clinically less severe Becker
muscular dystrophy (BMD) is associated with the presence
of dystrophin that is abnormal in quantity or quality.' The
role of dystrophin in the diagnosis of DMD and BMD has
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been the subject of many publications in recent years. The
results suggest that the biochemical assay for dystrophin is
helpful in arriving at an accurate diagnosis when the clinical
syndrome fits in with both DMD and BMD.4 Dystrophin
analysis has also helped in detecting the female carriers of
DMD5 as well as the autosomal recessive Duchenne-like
muscular dystrophy. 6 However, these reports have all been
from developed countries. When dystrophin analysis became
available at the All India Institute of Medical Sciences, New
Delhi in 1990, we conducted a serial study of cases diagnosed
to have a primary muscle disease. Our aim was to evaluate
the role of dystrophin assay in the diagnosis of muscular
dystrophies in Indian patients. We report our results in
20 cases studied over a period of two years.

PATIENTS AND METHODS
We studied 16 males and 4 females whose ages ranged from
2 to 50 years (Table I). A positive family history was present
in only 5 of them. There was muscle hypertrophy in 9 cases
mainly involving the calf. Serum creatinine kinase levels
were elevated in all the patients and electromyography
(EMG) was suggestive of myopathic disease in al117 cases in
whom the test was done. (Three children did not cooperate.)

A muscle biopsy was taken from an appropriate site and
divided into two pieces: one was fixed in 10% buffered
formalin and the other frozen immediately with isopentane
chilled in liquid nitrogen at -160°C. Five micron thick
sections of paraffin-embedded tissue were stained with
haematoxylin and eosin (H&E) and used for routine his-
tological examination. Cryosections of tissue were stained
with monoclonal NCL-DYS (rod domain) antidystrophin
antibody using the avidin-biotin conjugate immuno-
peroxidase technique. For technical reasons, dystrophin
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staining could not be done in 4 cases. The final diagnosis
(based on the clinical features and investigations including
muscle biopsy) was compared with the dystrophin staining
pattern.

RESULTS
Muscle biopsy
The muscle biopsy on histological examination showed
the characteristic findings of muscular dystrophy (marked
variation in fibre size, internal migration of nuclei, fibre
necrosis and regeneration) in 17 out of 20 cases. Two patients
had a histologically normal muscle biopsy-one was suspected
to have a congenital myopathy and the other was a 50-year-
old female who had very mild disease (Table I). One patient
had end-stage muscle disease (ESMD).

Dystrophin staining
There was complete or near complete absence of dystrophin
staining in 5 cases. In another 5 there was complete staining
of some fibres with a weaker labelling intensity compared
with control specimens, while the remaining fibres showed
discontinuous labelling with variation in the staining of the
fibre periphery. This pattern was suggestive of BMD. Two
female patients had a mosaic type of dystrophin immuno-
labelling with some fibres showing a normal staining pattern,
some showing negative staining and others showing
discontinuous staining. These were classified as being
manifest female carriers (MFC) of DMD. The dystrophin
staining was normal in the remaining 4 patients.

Diagnosis
The diagnosis after clinical evaluation and routine muscle
histopathology was as follows (Table I):

TABLE I. Clinical features and results of investigation in 20 cases

Age Sex Symptom Family Muscle Serum EMG Muscle Diagnosis Dystrophin
(years) duration history hypertrophy creatinine biopsy pattern

(years) kinase

J7 M 4 No No 323 M MD LGMD DMD
10 M 4 No No 2099 M MD EDMD DMD
12 F 4 AR No 679 M MD LGMD N
17 M 5 XR Yes 1000 M MD BMD BMD
43 F 5 No No 371 M MD LGMD MFC
10 M 6 XR Yes 1000 M MD BMD ND
8 M 5 XR Yes 1000 M MD DMD ND

50 F 4 No No 275 M iii LGMD N
16 M 10 No Yes 653 M MD BMD BMD
8 F 6 No Yes 3810 M MD MFC MFC
3 M 2 No No 1163 ND MD DMD ND

23 M 10 No No 186 M MD LGMD N
22 M 8 No Yes 234 M MD BMD BMD
7 M 2 No Yes 964 M MD DMD DMD

26 M 12 No No 114 M ESMD LGMD ND
4 M 0.5 XR Yes 1000 ND MD DMD DMD
8 M 4 No No 1450 ND MD DMD DMD

22 M 4 No No 846 M MD LGMD BMD
2 M 0.5 No No 118 M N CM N
8 M 4 No Yes 1000 M MD DMD BMD

EMG Electromyogram AR Autosomalrecessive XR X-linkedrecessive ND Notdone
LGMD Umb-girdledystrophy DMD Duchenne'smusculardystrophy ESMD End-stagemuscledisease
M Myopathic BMD Becker'smusculardystrophy EDMD Emery-Dreifussmusculardystrophy
N Normal MD Musculardystrophy CM Congenitalmyopathy MFC Manifestfemalecarrier
Normalserumcreatininekinaselessthan70 lUlL
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FIG I. Photomicrograph of normal human skeletal muscle
showing continuous labelling for dystrophin at the
periphery of the muscle fibres. ABC immunoperoxidase
with anti-DYSI antibody and haematoxylin counterstain
(x750)

FIG2. Photomicrograph of a muscle biopsy from a DMD
patient showing a total absence of dystrophin labelling.
ABC immunoperoxidase counterstained with haemotoxylin
(x520)

FIG4. Photomicrograph of a MFC showing mosaic pattern of
dystrophin positive and negative fibres. Occasional fibres
show partial labelling. ABC immunoperoxidase
counterstained with haematoxylin (x 520)

FIG 3. Photomicrograph of a muscle biopsy from a BMD
patient showing discontinuous labelling of dystrophin. Note
the variation between and within muscle fibres. Necrotic
fibres are not stained. ABC immunoperoxidase
counterstained with haematoxylin (x 700)

FIG 5. Photomicrograph of a muscle biopsy from a patient
with non-Xp21 myopathy showing continuous labelling of
muscle fibres. ABC immunoperoxidase counterstained with
haematoxyiin (x 820)
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1. DMD/BMD 10
2. Limb-girdle muscular dystrophy (LGMD) 7
3. DMD manifest carrier 1
4. Emery-Dreifuss muscular dystrophy (EDMD) 1
5. Congenital myopathy 1

When the clinical diagnosis was compared with the
dystrophin staining pattern (Table II), there was good
correlation between the diagnosis of DMD/BMD and the
dystrophin analysis in 6 out of 7 cases. Only 1 case suspected
to have DMD showed the dystrophin pattern suggesting
BMD. In 7 cases suspected to have LGMD clinically only
1 showed the dystrophin pattern of DMD as did 1 patient
with EDMD. One case suspected to be a MFC because of a
high creatine phosphokinase level and calf muscle hyper-
trophy (Table I) had a characteristic dystrophin staining
pattern. The case suspected to have EDMD (Table II) was a
1O-year-old boy who presented with predominantly proximal
and symmetrical muscle weakness starting at 6 years of age.
The weakness had progressed relentlessly with early contrac-
tures at the elbow and knee joints without any muscle
hypertrophy. There were no patients with heart-block.
The clinical diagnosis was of ESMD with some atypical
features. Dystrophin analysis revealed a pattern suggestive
of DMD. One case suspected to have congenital myopathy
(Table I) had a normal dystrophin staining pattern.
Dystrophin staining patterns of some patients are illustrated
in the photomicrographs (Figs. 1 to 5).

DISCUSSION
The diagnosis of an uncomplicated case of DMD is fairly
simple when there is a positive family history suggesting an
X-linked recessive inheritance together with certain positive
laboratory investigations. The clinical features of BMD, a
less severe form of muscle dystrophy, are more variable and
tend to overlap with many other muscular dystrophies and
myopathies. The diagnosis of DMD or BMD becomes less
certain in the absence of a positive Xvlinked pattern of
inheritance. The role of dystrophin assay in the correct
diagnosis of muscular dystrophies has been emphasized
in a large study involving 103 patients with various neuro-
muscular disorders." However, in 8 out of these 103 cases
the clinical phenotype did not correlate with the result of
the dystrophin assessment.

In our study 3 out of 4 patients with DMD had levels of

TABLEII. Correlation between clinical diagnosis and dystrophin
assay

Diagnostic Clinical
Results of dystrophin staining pattern

group diagnosis DMD BMD MFC Normal Not done

DMD 6 3 1 0 0 2
BMD 4 0 3 0 0 1
LGMD 7 1 1 1 3 1
MFC 1 0 0 1 0 0
CM 1 0 0 0 1 0
EDMD 1 1 0 0 0 0

Total 20 5 5 2 4 4

DMD Duchenne's muscular dystrophy MFC Manifest female carrier
BMD Becker's muscular dystrophy CM Congenital myopathy
LGMD Limb-girdle muscular dystrophy
EDMD Emery-Dreifuss muscular dystrophy
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d~strophin which were undetectable, and 3 out of 3 patients
WIth BMD had levels of dystrophin which were detectable.
Only lout of 4 patients with DMD had abnormal dystrophin
of the BMD pattern.

We did an assessment of the dystrophin staining pattern in
16 of the 20 cases of muscle diseases of various types. This
pattern correlated with the clinical diagnosis in 11 of the
16 cases studied. In one case suspected to have DMD, the
dystrophin pattern was suggestive of BMD. In the group with
LGMD, the dystrophin pattern suggested a diagnosis of
DMD, BMD and MFC in 1 case each. Another case was
sus.p~cted to have MFC and this was confirmed by dystrophin
stalm~g. ~n~ case with features of EDMD showing a dys-
trophin staining pattern of DMD has been reported earlier. 7

The dystrophin staining pattern in our patients did not
correlate with the clinical phenotype in 5 instances.

~he ~alue of a biochemical assay for dystrophin in
delineating myopathies that overlap clinically with DMD/
BMD is fairly well established.2-4 Dystrophin assay has also
helped in the detection of changes in isolated cases of
myopathy in females' and other atypical cases of DMD.6
However, our study using an immunocytochemical method
of dystrophin analysis has certain limitations. We do not have
any dat.a on detection ~utations and immunoblotting. In
cases WIth BMD, analysis of the cytochemical data alone is
associ.ated with possible inaccuracies. The imrnunocyto-
chemical pattern of dystrophin staining seen in our cases
of BMD might have resulted from the heterogeneity of
dystrophin expression which has been reported earlier. 8

Confirmation of the cytochemical results using immune-
blotting would certainly have been useful.

Based on this limited experience with immunocytochemical
staining of dystrophin in 16 cases, we suggest that:

1. when there is a clinical suspicion of DMD or BMD,
dystrophin assay helps to distinguish between them,

2. in the limb-girdle syndrome of adolescence, assay of
dystrophin is important in diagnosis, and

3. dystrophin assay can help to diagnose DMD and BMD
when they are not suspected clinically and in females with
myopathy.

Such a facility should be established in a few centres in
developing countries to help in the diagnosis of selected cases
of muscle disease.
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