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Prenatal diagnosis of Duchenne muscular
dystrophy
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ABSTRACT
Ihckground. Duchenne muscular dystrophy (DMD) is one

of the most common X-linked genetic disorders seen In children.
Mutations in the DMD gene coding for the protein dystrophln
causes the severe muscle-wasting disorder leading to death in the
second decade of life. In the absence of a cure, prenatal diagnosis
(PND) appears to be the best approach to reduce the burden of
this disease on the individual family and ultimately on society.
There are few published reports worldwide on PND and very few
from the developing countries. We report our experience with
PND for families with DMD using multiplex polymerase chain
reaction (peR) and microsatellite polymorphic marker analysis.

Methods. From August 1997 to October 1999, PND was
. offered on request to 23 families with one or two boys affected
with DMD. A total of 26 foetuses were screened for DMD.
Initially the deletions in the DMD gene in the affected child were
identified by multiplex peR screening for 23 exons in 6 sets. In
patients where deletions were not identified, microsatellite repeat
analysis was carried out to follow the inheritance of the mutant
allele. DNA was extracted from chorionic villus samples obtained
by chorionic villus biopsy performed at 10- 15 weeks of gestation
in 17 families, and at 16-20 weeks in 6 families.

Results. Deletions were identified in 20 affected boys. In 2
families, microsatellite repeat analysis was done to identify the
mutant allele. Of the 26 foetuses, 5 were found to be affected
with DMD and the parents opted for termination of pregnancies.

Condusions. Multiplex peR technology and microsatellite
repeat analysis can be used effectively for PND of DMD.
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INTRODUCTION
Duchenne muscular dystrophy (DMD) is an X-linked recessive
genetic disorder, characterized by progressive muscle weakness,
leading to death in the early twenties. It affects about I in 3500
males. I The defect in the dystrophin gene located at Xp21 is
responsible for the disease. It is one of the largest genes with a
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coding sequence of 14 kb, spread over 2400 kb of genomic DNA
and contains at least 79 exons. DMD is caused primarily by
deletion mutations in 60%-65% of subjects>' and duplication in
6% of subjects.'

In the absence of a complete cure, DMD imposes an immense
burden on affected individuals and their families. Prenatal diag-
nosis (PND) appears to be the best method to reduce the burden
on individuals, their families and society. Until the development
of DNA technologies, PND was carried out using foetal muscle
biopsy and various biochemical markers such as estimation of
intracellular calcium," foetal plasma carbonic anhydrase lIP and
creatine kinase levels-" in at-risk foetuses and comparing these
levels with those in control foetuses. However, these markers
were not reliable due to an overlap between the levels observed
among at-risk and control foetuses. DNA technologies have been
increasingly applied to disease diagnostics in recent years. There
are a few reports available from different parts of the world on
PND ofDMD using DNA technology but none so far from India.
Initially, restriction fragment length polymorphism (RFLP) was
used for prenatal diagnosis of DMD, 11}-12 and subsequently South-
ern analysis with the entire dystrophin cDNA was used." These
methods were replaced by multiplex DNA technology 14 and
microsatellite (CA) repeat analysis." More recently, PND has
been done using a single foetal nucleated erythrocyte in maternal
blood."

SUBJECTS AND METHODS
Selection of subjects
Twenty-three families with a history of DMD opted for PND.
First, deletion screening was done in the affected boys of the
selected families. In cases where deletions were not identified,
CA repeat analysis was done. Of the 23 families, 3 opted for PND
twice. Thus, PND was done in a total of 26 cases.

DNA extraction and multiplex peR reaction
Genomic DNA from affected boys was extracted using the con-
ventional procedure of phenol-chloroform extraction. 17 Amplifi-
cation of DNA by multiplex PCR was performed using 6 different
sets of primers (Table I) in 6 reaction tubes containing IX Taq
polymerase buffer, dNTPs and Taq polymerase enzyme. The
temperature profile was designed with initial denaturation and
final extension as follows: 94°C for 7 minutes, 25 cycles at 94°C
for 30 seconds, 52°C for 30 seconds, 65°C for 4 minutes followed
by a final extension for 7 minutes. Samples were run in an MJ
Research Thermocyc1er. The products of amplification were
visualized on 4% (3: 1 Nusieve and agarose) gel on horizontal
electrophoresis and photographed. Positive and negative controls
were run with all the test samples.

Prenatal diagnosis
For PND, chorionic villus samples (CVS) were collected at 10--15

TABLE1. Six different multiplex sets of primers

Set Set ExonsExons

I
II
ill

53,47,42,60
45,48,49,43,44
19,3,8

51,50,6,21,55
17,13,46
Pm, 4, 52

IV
V
VI
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weeks of gestation from 17families and at 16-20 weeks of gesta-
tion from the remaining 6. Delay in collection of CVS in these
families was due to non-identification of deletion in one family,
or the families reporting in the second trimester of pregnancy.
Choronic villus samples were microscopically dissected to re-
move decidual tissue and subsequently processed for extraction
ofDNA.17 Amplification of DNA was performed with the same
set of primers for which deletion was detected in the affected
child. PCR reaction and cycling conditions were the same as
mentioned above for deletion screening. Amelogenin primers
were used to differentiate male and female foetuses. If the foetus
was a male, further studies were carried out.

Analysis of CA repeat markers
In families where a deletion was not identified, CA repeat analysis
was used. For this, STR markers located in intron 44, 45, 49 and
50 of the dystrophin gene were used. Primer sequences for STR
markers and PCR conditions were the same as described by
Clemens et al." except that the non-radioactive method was used.
Products ofPCR were run on 8% non-denaturing polyacrylamide
gel electrophoresis at 150-200 volts for 2 hours. Following elec-
trophoresis, gels were stained with ethidium bromide (0.5 g/ml) for
20-30 minutes, visualized under UV light and photographed.

RESULTS
Twenty-three families were offered PND. The pedigree charts of
some of the families (1-15) are shown in Fig. 1.

Deletion screening in affected boys (Table II, Figs. 1and 2)
Of the 23 families, deletion was identified in 20 families. In two
families (11 and 13), deletion was not identified. In family 10, the
affected boy was not available for deletion screening.

Family 1&2

II •......, •••cvw
... •.....,.....

'" •..•.

II

Family 9 Family 10 Family 11nm
'"

"MDtI Del W.
tn2Jbonl UnIdIntIftedCA....,.. ••••••.
CVl-10 CVl-11
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Deletion detection in foetus (Table Ill, Figs. 1and 2)
Of the 26 foetuses (from 23 families), 7 were females, 14 were
normal males with no deletion and 5 were affected. In family 10,
where the affected boy was not available for deletion study, the
foetus was screened for 23 exons and no deletion was found.

CA repeat analysis (Figs. 1 and 3)

CA repeat analysis was planned in three families (11, 13 and 14).
In two of these deletion was not identified in the affected child and
in the third family (14) both CA repeat and deletion screening was
done. In family 11 and 14 foetuses inherited the same allele as
found in the affected sibling indicating that the foetus was
affected in both. In family 13, as the foetus was a female, further
processing was not done.

DISCUSSION
Family linkage studies using RFLP were used earlier for PND. 10,11,18
There were limitations to this approach. 13The direct method using
the entire dystrophin cDNA was used subsequently .13However,
this is laborious, costly and involves the use of radioactivity.

The simplicity of multiplex DNA technology has led to its use
in the PND of foetuses with DMD.14,15Chamberlain et aI., using
amniotic fluid cells performed PND on 6 families and found 2 of
6 foetuses to be affected, while Clemens et al. performed PND on
2 families and found both foetuses to be unaffected. 14,15Subse-
quently, a number of studies using multiplex DNA technologyor
CA repeat analysis were reported by different investigators.":"
There are no published reports available from India on PND of
DMD. Using the multiplex PCR approach we were able to screen
21 of 23 families at risk for DMD and could predict the presence
of affected foetuses.

In families where deletion was not identified, PND by highly

Family 8

ff ••• Pm
CVSot

De. 51

Family 12 Family 13 Family 14 Family 15

~~.~~~
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FIG1. Pedigree of DMD families (1-15) showing type of deletion in affected boys and foetus
FF female foetus MFN male foetus normal MFA male foetus affected

TABLEII. Deletion screening in affected boys

Number of
families

Deletion
of Exon

Number of
families

Deletion
of Exon

4
I
2
I
I
I

21
Pm
SI
48-S1
17
47-SS

4
2
1
1
2
3

42-44
SO, SI
47
12, 13
46-S1
not identified

CVS chorionic villus samples

TABLEIII. Foetal outcome of 15 Duchenne muscular dystrophy
families

n Foetal status

7
14
S

Females
Normal males (by deletion screening)
Affected

3 by deletion screening
1 by CA repeat analysis
1 by both deletion and CA repeat analysis
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FIG 2. Electrophoretic pattern showing deletion Lane 1:mole-
cular weight marker (PhiX174 DNAlHae III digest)
Lane 2: normal male with exon 51 and 21 (51 upper band, 21
lower band) Lane 3: Affected child (deletion of exon 51)
Lane 4: Affected foetus (deletion of exon 51)
Lane 5: Affected child (normal 51, deletion of exon 21)
Lane 6: Affected foetus (normal 51, deletion of Exon 21)

polymorphic CA repeat marker was preferable over Southern-
based RFLP analysis because it is more informative and the speed
of assay is greater. 11,15 In family 14, on STR assay with CA repeat
markers 44 and 49, the male foetus had the same allelic pattern as
the affected brother and an opposite pattern compared to the
normal maternal uncle. This gave a quick indication that the
foetus would be affected with DMD. Simultaneous studies using
multiplex exon amplification showed a deletion of exon 21 in the
foetus and the affected brother, confirming that the foetus was
affected. In family 11, the foetus had inherited the same pattern as
the affected boy suggesting that the foetus was affected with
DMD. In families with isolated deletion-negative patients with-
out confirmation of carrier status of the mother, we can only
conclude that the foetus has inherited the high-risk allele. Clemens
et al. also confirmed their analysis of CA repeat marker with exon
amplification in two families and found similar results." These
studies strongly support the utility of STR assay, especially where
deletion could not be detected by multiplex DNA technology.

Multiplex technology and CA repeat analysis are rapid and
reliable methods for PND, followed by most centres. However, if
deletion is absent and polymorphic markers are non-informative,
other procedures for PND such as foetal muscle biopsy and
dystrophin expression using immunological methods could be
considered.P?'
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