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 ABSTRACT

 Duchenne muscular dystrophy (DMD) is an X-
linked recessive disorder caused by mutations in the 
dystrophin gene at Xp21.2. Mutations include gross 
deletions (60%), duplications (10%), and point mu-
tations (30%). Duchenne muscular dystrophy is a 
serious and disabling disease. Progressive muscle 
wasting, which leads to severe disability and early 
death, make DMD highly distressing disorders to 
both patient and family. Since no effective treatment 
is as yet available, prenatal diagnosis is important 
for prevention of the disease. In this paper, we pres-
ent our results from prenatal diagnoses in Macedo-
nian DMD families. For prenatal diagnosis of 15 
pregnancies at risk of having a DMD child, we used 
multiplex polymerase chain reaction (mPCR), mul-
tiplex ligation-dependent probe amplification analy-
sis (MLPA) and DNA linkage analysis, using highly 
polymorphic intragenic short tandem repeat [STR-
(CA) n] markers. DNA material was extracted from 
chorionic villus and amniotic fluid samples. Eight 
of the fetuses were male, three of whom had dele-

tions in the dystrophin gene and five were normal. 
Two of the female fetuses were carriers of deletions 
in the dystrophin gene.
 Key words: Duchenne muscular dystrophy 
(DMD); Multiplex polymerase chain reaction 
(mPCR); Multiplex ligation-dependent probe am-
plification (MLPA); Short tandem repeat (STR).

 INTRODUCTION

 Duchenne muscular dystrophy (DMD) is one 
of the most commonly inherited neuromuscular dis-
eases, affecting one in 3,500 live-born males. It is 
an X-linked recessive disorder caused by mutations 
in the DMD gene located at Xp21.2 [1]. This is the 
largest identified gene in the human genome, span-
ning 2.4 Mb and contains 79 exons. It has a high mu-
tation rate, approximately one-third of cases result-
ing from spontaneous mutations. Its transcript is 14 
kb long and is expressed in skeletal muscle and the 
brain [2,3]. The dystrophin protein gene product is 
involved in linkage between the extracellular matrix 
and the cellular cytoskeleton [4-6]. Partial deletions 
and duplications of the dystrophin gene account for 
60-70% of all DMD cases, while the rest have point 
mutations [7-9]. The affected subjects die from re-
spiratory failure in their early twenties. Because of 
limitations of therapy at the present time, prenatal 
diagnosis is important in detection and prevention 
of the disease. Here, we present results of prenatal 
diagnoses of DMD in Macedonian families.
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 MATERIALS AND METHOD

 Fifteen families at risk of having a child with 
DMD were referred to the Research Center for Ge-
netic Engineering and Biotechnology at Skopje in 
the Republic of Macedonia for genetic counseling 
and prenatal diagnosis. Nine of the families were 
of Macedonian ethnic origin, while six were of Al-
banian origin living in Macedonia. Probands in 11 
families were previously found to have deletions 
of different exons of the dystrophin gene, one had 
a gene duplication and in three the mutation was 
unknown.
 DNA was extracted from chorionic villus sam-
ples (CVS) in seven pregnancies (in the first tri-
mester of pregnancy), and amnionic fluid in eight 
pregnancies (in the second trimester of pregnan-
cy). DNA was extracted from CVS or amniocytes 
following a standard phenol/chloroform extraction 
procedure [10]. Prenatal diagnosis was based on 
a combination of the following: 1) DNA analy-
sis of the dystrophin gene by direct detection of 
deletions by multiplex polymerase chain reaction 
(mPCR) [11-13]; 2) Multiplex ligation-dependent 
probe analysis (MPLA) for detection of deletions 
and duplications [14] and 3) DNA linkage analy-
sis, using eight highly polymorphic intragenic 
short tandem repeats [STR-(CA)n] for the detec-
tion of abnormal X chromosomes in the families 
with unknown mutation [15,16]. To exclude ma-
ternal cell contamination, DNA analysis was per-
formed on CVS and on amniocytes by quantitative 
fluorescent (QF)-PCR analysis of 15 STR markers 
on chromosomes 13, 18, 21 and X, as well as the 
amelogenine gene for sex determination.
 1) Multiplex Polymerase Chain Reaction. 
More than 98% of the deletions of the dystrophin 
gene are readily detectable using an mPCR ap-
proach, based on an exon by exon analysis strat-
egy within two hot-spot regions (exons 2-22 and 
44-53). Multiplex PCR was performed in three as-
says (Set A: exons 4, 8, 12, 17, 19, 44, 45, 48 and 
51; Set B: exons Pm, 3, 6, 13, 43, 47, 50, 52 and 
60; Set C: exons 16, 32, 41, 42 and 49) allowing 
the amplification of 23 exons [11-13]. Fetal DNA 
was amplified using specific oligonucleotide prim-
ers for 23 exons of the dystrophin gene. Multiplex 
PCR was carried out in a final volume of 50 µl 
containing 100 ng of genomic DNA, 30 pmol of 

each primer, 200 µM each dNTP, standard PCR 
buffer, 1.5 mM MgCl2 and 2 U Taq DNA poly-
merase (AmpliTaq Gold, Applied Biosystems, 
Branchburg, NJ, USA). Samples were subjected 
to 30 cycles of amplification, each consisting of 
1 min. at 94°C, 1 min. at 53-55°C and 4 min. at 
72°C, and a final extension of 72°C for 10 min. 
The PCR products were electrophoresed on 3% 
agarose gel in a TBE buffer and visualized under 
UV light after ethidium bromide staining. Dele-
tions were easy to visualize by PCR-based proce-
dures in males, because of their hemizygosity for 
this gene. The analysis is based on discrimination 
between the presence and absence of a PCR prod-
uct. The duplications of exons, however cannot be 
visualized by a PCR-based assay.
 2) Multiplex Ligation-Dependent Probe 
Amplification Analysis (MLPA). This assay for 
the DMD gene was performed on nine samples and 
required two different reactions due to the large 
number of exons [14]. One reaction contained 
probe mix PO34 that covered exons 1-20, 21-30, 
41-50 and 61-70. The second reaction contained 
probe mix PO35 and covered exons 11-22, 31-
40, 51-60, and 71-79. The assay conditions were 
essentially according to the manufacturer’s rec-
ommendations (MRS Holland, Amsterdam, The 
Netherlands). The PCR products were analyzed by 
capillary electrophoresis on an ABI PRISM™ 310 
Genetic Analyzer (Applied Biyosystems).
 3. DNA Linkage Analysis. For DNA poly-
morphism within or flanking the dystrophin gene 
[15,16], the PCR was carried out in a final volume 
of 50 µL containing 100 ng of genomic DNA, 30 
pmols of each primer, 200 µM each dNTP, stan-
dard PCR buffer, 1.5 mM MgCl2 and 2 U Taq DNA 
polymerase (Ampli Taq Gold, Applied Biosys-
tems). Samples were subjected to 35 cycles of am-
plification consisting each one of 1 min. at 94°C, 
1 min. at 55-60°C and 1 min. 30 sec. at 72°C and 
a final extension at 72°C for 10 min. Aliquots of 
PCR products were mixed in a half volume of for-
mamide dye solution (98% formamide, 10 mMED-
TA, 0.1 bromphenol blue and 0.1% xylen cyanol), 
heated to 94°C for 3 min., and electrophoresed on 
a 6% denaturing polyacrylamide sequencing gel. 
Following electrophoresis the samples were trans-
ferred onto the membrane and analyzed after hy-
bridization with a (CA)n repeat probe.
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 RESULTS AND DISCUSSION

 We have previously studied the molecular 
basis of DMD/BMD in 94 Macedonian patients 
and have characterized most of our patients at the 
molecular level [17]. Mutations of the dystrophin 
gene were found in 76.5% (72/94), 72.3% being 
deletions (68/94) and 4.2% (4/94) being duplica-
tions. Genetic counseling has been given to all 
DMD families. Appropriate information about the 
disease and its genetic aspects were provided and 

Figure 1. Detection of the deletions by mPCR analysis. Set A (exon: 45, 48, 19, 17, 51, 8, 12, 44 and 4). Lanes 1 and 
4: control sample, lanes 2, 5 and 6: patients with different deletions in the dystrophin gene; lane 3: fetus DNA with a 
deletion of exons 48 and 51.

the possibility and limits of genetic testing were 
discussed. Prenatal diagnosis (on request and af-
ter genetic counseling) was performed in 15 fami-
lies at risk of having a DMD child. Representative 
results from mPCR, MLPA and STR analysis are 
shown on Figures 1, 2 and 3. Eight of the fetuses 
were males. Three were affected with deletions 
in the dystrophin gene and five were normal. The 
pregnancies were terminated for affected fetuses. 
Two of the seven female fetuses were carriers for 
deletions in the dystrophin gene.

M 1 2 3 4 5 6
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Figure 2. Multiplex ligation-dependent probe amplification analysis. The electropherogram shows a deletion of exons 
48-50 of the DMD gene in an affected fetus. Number correspond to exon number; C: synthetic control probe.

Figure 3. Haplotype analysis in one DMD family. A) Autoradiograph showing alleles at six STR-(CA) n repeats in the 
dystrophin gene for members of a DMD family. Haplotypes can be constructed using polymorphic markers across the 
gene to identify the haplotype which is tracking with the mutant dystrophin gene. B) Pedigree and allele assignments 
in this DMD family. In the example shown here, the mother is heterozygous for five STR markers (DYS1, STR 49, 
DXS, DXS 1282 and DXS7), which were detected in the proband. Haplotype “a” in the proband indicates a high risk 
for DMD. The fetus (f) inherited the normal X chromosome (haplotype b).
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