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Duchenne muscular dystrophy (DMD) and Becker muscular
dystrophy (BMD) are alelic disorders caused by mutations
within the dystrophin gene. Our study has identified 100
Egyptian families collected from the Human Genetics Clinic,
National Research Center, Cairo. All cases were subjected to
complete clinical evaluation pedigree analysis, electromyo-
graphy studies, estimation of serum creatine phosphokinase
enzyme (CPK) levels and DNA anaysis. Multiplex PCR us-
ing 18 pairs of specific primers were used for screening of
deletion mutations within the dystrophin gene. A frequency
of 55% of deletionswere found among thefamilies. Sixty per
cent of detected deletions involved multiple exons spanning
the major or the minor hot spot of the dystrophin gene. The
remainder 40% involved single exon deletions, which mainly
involved exon 45. Comparing thesefindingswith frequencies
of other countries it was found that our figuresfall within the
reported range of 40%—60% for deletions. The distribution
of deletionsin our study and other different studies was vari-
able and specific ethnic differences do not apparently account
for specific deletions. In addition this study concluded that
employment of the 18 exon analysisis a cost effective and a
highly accurate (97% detection rate) method to be considered
when planning to launch a nationwide program.

1. Introduction

DMD and BMD are variable phenotypic expressions
of the dystrophingene defect at the Xp21 site onthe hu-
man X chromosome. DMD has a worldwide distribu-
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tionwith ameanincidenceof 1 : 3500 malebirths[11].
The phenotypic differences between the two dystro-
phiesisthat BMD has a later age of onset, unassisted
ambulation after age 15, and a later survival rate into
adult life. Most children with DMD have gait dis-
turbance before the age of 5 and become bound to a
wheelchair before the age of 10 [5]. DMD/BMD are
caused by mutationsin the human dystrophin genethat
is 2.4 Mbp in size and comprises 79 exons [18]. Ap-
proximately 2/3 of the boys affected with DMD/ BMD
have deletion mutations of one or more exons within
thedystrophin gene[4]. Previousstudiesdemonstrated
that although dystrophin deletions are heterogeneous
and vary in size and locations they are clustered in two
hot spots; the major site encompassing exons 45-52,
and the minor region including exons 3-19 [16]. In
some DMD patients such mutations cause deletionsin
functional domainswhile in othersthey induce prema-
ture termination of protein translation with a resultant
deficiency of functional dystrophin [12]. The pheno-
type largely depends on whether the deletion disrupts
the reading frame of the dystrophin gene and resultsin
virtually no dystrophin. In BMD patients mutations do
not disrupt the reading frame and result in an abnormal
but partially functional dystrophin[15]. This hypothe-
sis holds true for more than 90% of cases. Exceptions
such as mild BMD with a frameshift deletion can be
explained by reinitiating transcription from an internal
start codon inframe mutation involving the central rod
domain. Thiscanresultinavery mild weakness, myal-
giaaone or even asymptomatic CK-emia. In contrast,
deletionsresulting in adeficiency of the C-terminal re-
gion of dystrophin result in a severely diseased pheno-
type[6].

Inthisstudy we scanned the dystrophin genefor dele-
tion mutations at 18 exons clustered within the minor
and major hot spots in patients with DMD/BMD. The
aim of this study is to identify the genetic background
of different types of deletion mutations and to corre-
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late the incidence of these deletions with international
figures for determination of ethnic differences.

2. Materialsand methods

This study included 100 families with 165 DMD/
BMD male patients. Their age ranged from 3 to 40
years. The patients were referred to the Human Genet-
ics Clinic (National Research Center, Cairo, Egypt) for
genetic counseling. The diagnosis was established in
all cases on the bases of clinical and neurological eval-
uation, complete pedigree history and serum creatine
phosphokinase levels.

Genomic DNA was extracted from peripheral blood
leukocytes of 100 index cases by salting out method
described by Miller et al. [14]. Amplification by Poly-
merase Chain Reaction (PCR) of 18 exons was car-
ried out in six multiplex reactions using three pairs of
primers with matched melting temperatures for each
reaction. Each reaction producesthree separable bands
visualized on a 3% agarose ethidium stained gel. Ex-
ons studied were: Pm1, 3, 4, 6, 8, 12, 13, 17, 19, 43,
44, 45, 47, 48, 50, 51, 52, 60. The six multiplex PCR
reactions were arranged as follows; reaction |: Pm, 50,
52; reaction Il: 3,13, 47; reaction |11: 43, 6, 60; reac-
tion1V: 19, 8, 4; reaction V: 45, 51, 44 and reaction V1:
48, 17, 12. Thermal cycling profile for reactions |, |1
and I11 were [one cycle at 94°C for 6 minutes, 30 cy-
cles each includes 30 seconds at 94°C, one minute at
60°C,4 minutes at 65°C and one cycle at 65°C for 10
minutes]. For reactions 1V, V and VI cycling condi-
tions were [one cycle at 94°C for 6 minutes, 22 cycles
each includes 30 seconds at 94°C, 30 seconds at 53°C,
4 minutes at 65°C and one cycle at 65°C for 7 min-
utes]. Primerswere synthesized accordingto published
sequences. exons Pm1, 3, 6, 13, 43, 47, 50, 52, 60 [1,
4], exons 4, 8, 19, 48, 51 [1,8] and exons 12, 17, 44,
4518].

3. Results

The diagnosis of DMD/BMD in the 100 male pa-
tientsincluded in the study was established on clinical
and neurological assessments. All patients had mus-
clewasting, weakness and diminished or absent tendon
reflexes. 87/100 cases were diagnosed to have DMD
and 13/100 to have BMD. The average age at which
patients become bound to wheelchairs was 12 years
in DMD and 40 years in BMD patients. All patients

had waddling gait, pseudohypertrophy of calf muscles,
positive Gower’s sign and exaggerated lumber lordo-
sis. Myopathic EMG patterns and marked el evation of
serum creatine phosphokinaselevel were constant find-
ingsinall cases. A hundred probandswith DMD/BMD
serving asindex casesfrom 100 Egyptian familieswere
examined for dystrophin gene deletions at 18 exons as
described in “Materials and Methods”.

Figure 1 illustrates the genetic deletions detected in
55% families (55/100). Forty-five families (45%) had
no detectable deletions in the dystrophin gene. The
Single and multiple deletions were distributed as fol-
lows: 30 families had multiple deletion mutation and
25 families had single deletions. Deletions were clus-
tered at either the major hot spot or at the minor hot
spot of the gene.

Multiple deletions covering the major hot spot in-
cluded 26/30 families at exons 45-52. Four multiple
deletions (4/30) were found within the minor hotspot;
del 6-17 (1/4), del 12-19(1/4), del Pm & del 3,13 (2/4).

Single exon deletions were identified in 45.5% of
families (25/55) of which 24% these deletions (6/25)
were found to be exon 45.

Most single deletions were variable within the ma-
jor hot spot and included exons 43(1/25), 44(2/25),
45(6/25), 47(4/25), 48(5/25), 50(4/25), 51(2/25). One
family had a single minor deletion at exon 19, the com-
monest single deletion within this group was exon 45.

Figure 2 illustrates an example of the amplifications
of 6 multiplex reactions in a patient with DMD, the
mother and a normal control. The results displayed in
the figure indicated a multiple del etion spanning exons
45 to 52 within the major hot spot.

Table 1 summarizes the presented data with the re-
ported international studies.

4, Discussion

DMD/BMD muscular dystrophies are variable phe-
notype expression caused by mutations within the dys-
trophin gene. Elucidation of the molecular defects un-
derlying genetic disorders is an indispensable step in
the initiation of disease control programs in different
countries. The phenotype largely depends on whether
the mutation disrupts the reading frame of the gene
(frame shift) leading to severe DMD or sparesthe read-
ing frame (inframe) resulting in the milder form the
BMD [7]. Based on the sequence information derived
from published exon/intron junction multiple deletions
covering exons 45-50 aswell as single deletions at ex-
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Fig. 1. Exon deletions of the dyrophin gene in 55 Egyptian families.

ons 45 and 50 are expected to disrupt the reading frame
of the dystophin gene [13]. The majority of affected
boys in this study 87/100 were diagnosed clinically to
have DMD and the rest 13/100 the milder form BMD.

The molecular analysis revealed either no deletion,
multiple or single deletions within the major hotspot

regarding DMD patients, deletionsfoundin BMD were
multiple or single but most probably inframe.

The development of multiplex PCR technique has
permitted rapid and sensitive identification of up to
98% of dystrophin deletions [4]. This study screened
the dystrophin deletions in attempt to shed light on
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Table 1
Comparison of frequency of deletions in different ethnic groups using multiplex PCR
Authors Country Year  Exonstested Deletions Deletions
% at exons 45-52
Tsukamoto et al. Japan 1991 4,8, 12,17, 19, 44, 45, 48,51 12/28 (43%) 75.1
Yang et a. China 1994 1, 3,6, 8, 13,17, 43, 47, 50, 52, 60 15/41 (37%) Not mentioned
Balo et al. S. Africa 1994 3,4, 6, 8, 13, 19, 42, 44, 45, 48, 50-53 52/128 (40%) 65
Covone et a. Italy 1992 Pm(1), 3, 4, 6, 8, 12, 13, 16, 17, 19-22, 29, 96/152 (63%) Not mentioned
32, 34, 41-52, 60
Niemann-Seydeetal. Germany 1992 Pm(1), 3,4, 6, 8, 12, 13, 17, 19, 43-52, 60 35/56 (62.5) 57.5
Baranov et al. Russia 1993  Pm(1), 6, 8, 12, 17, 19, 42-45, 47, 48, 50, 52 49/119 (41%) 73.5
Chamberlain et al. us 1992 4,8,17,19, 44, 45, 48,51 346/745 (46%) 69.7
(multicenter study)
Zatzetad. Brazil 1998 Pm(1), 3, 4, 6, 8, 12, 13, 17, 19, 43, 44, 45,  383/615 (62.3) Not mentioned
47, 48, 50, 51, 52, 60
Present study Egypt 1998 Pm(1), 3, 4, 6, 8, 12, 13, 17, 19, 43, 44, 45, 55/100 (55%) 145
47, 48, 50, 51, 52, 60
I 11 111 1A% \% v
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Fig. 2(a). Illustrates 3 multiplexes showing three bands each when
normal. Multiplex |: one band and two absent bands (deletions:
exon 50 and 52) in lane (1), three normal bands in lanes (2) and (3).
Mutiplex 11: two bands and one absent band (deletion exon 47) in
lane (5), three normal bandsin lanes (7) and (8). Multiplex lanes (7)
and (8). Mutiplex I11: three bands in lanes (9)—(11).

the Egyptian genetic background of DMD and BMD.
The analysis involved 18 exons that were known to
be clustered in the minor hot spot (exons Pm1, 3-19);
that partially covers the NH2 terminal region and the
rod domain; and the major hot spot (exons 43-60),
respectively [10,13].

The molecular study revealed a number of different
deletions (for details refer to results). The mgjority of
deletions were found at the major hotspot (exon 45—
52) whether single or multiple. Severa investigators
around the world pursued the general strategy of dele-
tion analysis presented in this study, which ranged from
45%—65%. Frequency as low as 43% in a Japanese
study [19], 37% in a Chinese study of 41 cases [20],
41% in aRussian study of 119 cases[3] were reported.
One of the biggest studies was pvrsued by Chamber-
lain et a., 1992 on 745 subjects from severa centers
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Fig. 2(b). Illustrates 3 multiplexes showing three bands each when
normal. Mutiplex |V: three bands in lanes (1)—(3). Mutiplex V: one
band and two absent bands (deletions. exon 45 and 51) in lane (5)
three normal bands in lanes (6) and (7). Mutiplex 1V: one absent
band (deletion: exon 48) in lane (9) three normal bandsin lanes (10)
and (11). The Phi X marker are in (&) lanes (4) (8), (b) (4), (8),
(12). The patient’s deletion ranging from exon 45-51 is present in
(a) lanes (1), (5), (9). (b) (1), (5), (9).

in the USA screening 9 exons only. The frequency
reported was 46%. Relatively higher frequencies were
recorded: 63% in an Italian study [9], 62.5% in a Ger-
man study [17], 64% in an Indian study [2] and 62.3%
in aBrazilian study [21] and 55% in the present Egyp-
tian study. Such ethnic disparity does not seem to in-
volve genetic pressure, but rather relatesto differences
in numbers of cases studied as well as numbers and
locations of exons analyzed in various populations. It
became quite obviousthat the more exons analyzed the
higher frequency of dystrophin deletions detected, re-
gardless of the ethnic background. For example, num-
bers of the studied exonsin popul ations displaying low
deletion frequencies ranged from 8-15 exons. While
in populations with higher deletion frequencies, the
number of exons studied ranged from 18-30 exons. In
the present study, 55% of the studied cases had exon
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deletions within both minor and major hot spots with
the majority of deletions at exon 45 (23.6% of which
10.9% were single exon deletions). In conclusion the
deletions found were variable and no specific ethnic
differences in respect to deletions could be attributed
from this study.

The employment of the 18 exon analysis strategy in
this study was designed to be cost effective. When
compared with the Indian study [2], where 27 exons
were analyzed, only 5 single del etions (one at exon 22,
three at exon 52 and one at exon 55) out of atotal of
160 cases (3%) are expected to be not detectable using
the 18 exon analysisindicating that the present method
would detect approximately 97% of deletionsintheIn-
dian series with only 2/3 of the cost when planning to
launch a nationwide program. Nearly all the 49 dele-
tionsin the Indian study including exons 46 (6.8%) and
49 (10.8%) were identified among multiple deletions
with the exception of only 2 single deletions at exon
49 (0.7%). Theseresultsindicatethat inclusion of sep-
arate primer sets for amplification of exons 46 and 49
addslittle to the value of the 18 primer set strategy em-
ployedinthe present study. Such ascreeningmethodis
recommended for identifying the genetic background
of apopulation.
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