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ABSTRACT

Introduction: Duchenne muscular dystrophy (DMD) is caused by the lack of functional dystrophin molecules,
either due to nonsense mutations (premature stop codons) or by large rearrangements (deletions or duplications)
that disturb the reading frame and in consequence abolish the production of dystrophin in muscles.

Methods: Twenty patients with muscular dystrophy diagnosed by clinical history, family pedigree, CK total and
histopathology of muscle biopsy is subjected to screening for all 79 exons of dystrophin gene for deletions and
duplications.

Results and Discussion: Deletion was detected in 80% of patients, while 15% showed duplication, one patient
shows nucleotide substitution (c.10033C>T) in exon 69. Most common deletion found between exon 44 and 52.

Conclusion: Our study detected high incidence of gene deletion compared to other studies, the most common
deletion is multi exon deletion in the major hot spot of the gene (exon 44-52), also we detected lower incidence of
duplication with higher percentage of duplication found distally.
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Introduction

Duchenne muscular dystrophy (DMD) is an X-inked recessive
disorder that affects 1 in 3,500 males and is caused mutations in
the dystrophin gene. The gene is the largest in the human genome,
encompassing 2.6 million base pairs of DNAs and containing 79
exons. DMD occurs either due to nonsense mutations (premature
stop codons) or by large rearrangements (deletions or duplications)
that disturb the reading frame of the dystrophin gene and in
consequence abolish the production of dystrophin in muscles [1].
Dystrophin is located primarily in muscles used for movement
(skeletal muscles) and in heart (cardiac) muscle. Dystrophin has a
major structural role in muscle as it links the internal cytoskeleton
to the extracellular matrix, strengthening the muscle fibers and
protecting them from injury as muscles contract. Dystrophin is
thought to serve as a shock absorber protein to protect muscle cells
from movement-induced damage [2].

Advances in molecular diagnosis [3,4] and therapeutic strategies
[5] have resulted in extended survival for patients with DMD [6].
Novel therapeutic strategies are involving the replacement of the
gene (cell-based therapies), exogenous delivery of functionally
engineered dystrophin gene constructs (gene therapy) or by
repairing the endogenous locus [7].

Correct diagnosis is important for assessing whether patients are
eligible for gene repair therapies which are dependent on the type
of mutation. Therefore, a complete genetic screening that allows
the exact characterization of the mutation will determine the best
targets for exon skipping and that may differ among populations. In
the current study, our objective is to study different gene mutations
among Saudi Arabian patients and to establish a national registry
of DMD patients and gene database which will give our patients
an access to available genotype-based therapies and novel clinical
trials.
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Patients and Methods

Cross-sectional observational studies involving twenty patients with
progressive muscular dystrophy have been referred to neurology
clinic in Saudi German Hospital, Jeddah between 2006 and 2016.
All patients were subjected to full clinical examination, family
pedigree, serum Creatine Kinase (CK) levels.

Inclusion criteria for selection of patients were done according to
the clinical criteria of DMD/BMD proposed by Jennekens et al.
in 1991 [8]. DMD patients were diagnosed according to the age of
onset where symptoms are present before the age of 5 years, with
clinical sign comprise progressive symmetrical muscle weakness:
proximal limb muscles more than distal muscles: initially only lower
limb muscles. Calf hypertrophy is often present and wheelchair
dependency before the age of 13 or better loss of unassisted
ambulation before the age of 13 as suggested by Miller in 1992 [9].

Dystrophin gene testing was done using two milliliters of whole
blood from patients, collected in sterile vacutainer tube after
receiving informed consent. Genomic DNA extraction was carried
out from the peripheral blood sample using Pure link genomic
DNA extraction and purification Kit.

Screening done for all 79 exons of dystrophin gene for deletions
and duplications sparing one or more exons was performed by
either multiplex PCR or Multiplex Ligation-dependent Probe
Amplification (MLPA) analysis (MLPA DMD kits P034/P035
(MRC Holland)). Dystrophin gene analysis was done in the
National Centre of Neurology and Psychiatry (NCNP) Kodaira,
Tokyo. The procedures followed in our study were in accordance
with the ethical standards of the responsible committee on human
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experimentation (institutional or regional) and with the Helsinki
Declaration of 1975 as revised in 2000.

Results

A total of 20 patients were enrolled in the study between 2006
and 2016, all of them were males, the age varies, the youngest
being 6 years of age and the oldest is 26 years with a mean age
of 10.9. Dystrophin gene deletion was detected in 16 patients out
of 20 (80%), while three patients only (15%) showed duplication.
Duplication was seen in exon 8-9 in patient number 3, in exon 44-
50 in patient number 9 and in exon 31-43 in patient number 19.

Only one patient (Patient number 8) had neither deletion nor
duplication, the MLPA analysis showed that the quantitative
value of exon 69 was slightly but significantly reduced. Such a
phenomenon is known to occur when there is a sequence variation
within the sequence to which the MLPA probe hybridizes. So, we
amplified exon 69 by PCR from genomic DNA of the patient,
then sequenced the PCR product by Sanger method using DNA
sequencer (Applied Biosystems 3130XL), the result of Sanger
sequencer showed nucleotide substitution (c.10033C>T) (Fig. 1) in
exon 69 (Table 1).

Four patients (25%) out of 16 with dystrophin gene deletion had
only one exon deletion, the most frequently deleted exon was exon
45 (2 patients), followed by exon 51 (one patient), the fourth patient
(patient number 5) shows deletion mutation in exon 33 (Table 1).
The other 12 patients with dystrophin gene deletion had multiple
exon deletion (19 exons) most of which in the major hotspot region
between exons 44 and 52, and only one patient (number 2) the
deletion involves exons 8-18 (Figures 1 and 2). Interestingly, we

Table 1: Demographic data and frequency distribution of deletions in different exons.

Serial Phenotype Age (yrs) fan)l(ﬂlsir;)l:tc(l)ry Intragenic deletion Intragenic duplication
1 DMD 13 No Exon 4545 No duplication
2 DMD 7 No Exon 8-18 No duplication
3 DMD 10 No No Deletion Exon 89
4 DMD 14 Yes Exon 51-51 No duplication
5 DMD 8 No Exon 33 (deletion mutation) No duplication
6 DMD 12 Yes Exon 45-48 No duplication
7 DMD 10 Yes Exon 45-48 No duplication
8 DMD 12 Yes No deletion, No duplication Nucleotide substitution ¢.10033c>t Exon 69*
9 DMD 6 No No Deletion Exon 44-50
10 DMD 9 No Exon 48-52 No duplication
11 DMD 26 Yes Exon 46-47 No duplication
12 DMD 15 Yes Exon 45-54 No duplication
13 DMD 16 Yes Exon 46-47 No duplication
14 DMD 7 No Exon 45-50 No duplication
15 DMD 10 Yes Exon 4545 No duplication
16 DMD 9 No Exon 45-50 No duplication
17 DMD 10 No Exon 45-52 No duplication
18 DMD 6 No Exon 45-52 No duplication
19 DMD 10 No No Deletion Exon 3143

20 DMD 8 No Exon 45-52 No duplication

DMD: Duchenne Muscular Dystrophy

"The MLPA shows no deletion or duplications spanning one or more exons, however the amount of MLPA product of exon 69 was somewhat reduced.
That phenomenon is often caused by sequence variation on the MLPA probe site. Thus Exon 69 was sequenced, and nucleotide substitution was found

as mentioned.
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Figure 1: Patient number 2 with dystrophin gene deletion at exon 8-18.
The Chamberlain set shows absent exons 17, 8 and 12. The Beggs-set
shows absent exon 13. 149 x 282 mm (96 x 96 DPI).

Exon 69

Reference
sequence TGCTTTTTTTCTGGTCGAGTTGCARAAAGGCC

(NM_0040062) ¢ F F S G R V A K G H

B o T o e e GGTTG‘-GTTGC~:~-—~GGCL’

= il
= il

—

¢.10033C>T
(p-Arg3345%)

CGA (Arg) — TGA (Stop)
Figure 2: The other 12 patients with dystrophin gene deletion.

had 2 brothers underwent the study, both of them shows the same
deletion in the same sequence of exons (45-48).
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Discussion

Our study was done in a tertiary center in one of the largest Saudi
Arabia cities (Jeddah), aiming to increase the attention to the
molecular diagnosis of DMD in Arab population in general and
Saudi patient especially and to identify the pattern of dystrophin
gene mutation. Our study has shown the deletion of one or more
exons of the dystrophin gene in 80% of patients, our result goes
with results from Al-Jumah et al. in 2002 [10] targeting the Saudi
patients and the study done in Kuwait (another Gulf country)
showing 86% deletion ratio (Table 2), The rate of dystrophin gene
deletion in our study was higher than the results obtained from
similar Egyptian studies, 61.1% [11], 52% [12] and 55% [13] as well
as from other populations like Turkish, Greek, Moroccan and Iran

(Table 2).

Regarding the pattern of the deletion, most of the patients (75%)
shows multiple exon deletion (19 exons) within the central hotspot
of the gene between exons 44-52, only one patient shows multiple
exon deletion between 8-18, Our results goes with data received
from previous studies and from other populations. In our study we
also detected single exon deletion (exon 51 and exon 45) in 25% of
patient with dystrophin gene deletion. Among the twenty patients
enrolled in the study, 15% shows duplication in the dystrophin
gene, similar low frequency of patient with gene duplication was
found (10.3%) in a study done by Tuffery-Giraud et al. in 2009
[14], while other studies in different population shows higher
frequencies of duplication mutation as reported in Egyptian
population (27.8%) [15], Bulgarian population (27%) [16] and
Taiwanese population (24.7%) [17].

Interestingly, in our study, duplications were located in the distal
region of dystrophin gene. This contrasts with what was reported in
Chinese population where a higher percentage of duplications are
located in the proximal region (Exon 2-18) [18].

Recently in 2018, A study done in Saudi Arabia by Elhawary et al.,
[19] the authors used multiplex PCR and MLPA to identify gene
mutation, they found 46.3% deletions and 53.7% duplications in
the DMD gene, they also identified seven previously undescribed
large DMD rearrangements. These new mutations included mixed
rearrangement, large deletion, large duplications and double
duplications.

This variation of the results may be explained by the fact that
the population of the North West region of Saudi Arabia are
not Native compared to the central region (Riyadh), with lower

rate of consanguinity in the North west region compared to the
central region (44.1% versus 62.8%) [20], also the higher rate of

Table 2: Comparison of frequency of deletions in different ethnic groups.

Country % of deletion  Exon Tested Authors
Turkey 59% 18 exons Battalogue et al. [22]
Turkey 52% 10 exons Kuseyri et al. [23]
Greece 63% 18 exons Florentin et al. [24]
Kuwait 86% 25 exons Haider et al. [25]

Egypt 55% 18 exons Effat et al. [13]
Saudi Arabia 8% 25 exons Al-Jumah et al. [10]
Morocco 59% 18 exons El-Shiti et al. [27]

Egypt 52% 10 exons El-Hawary et al. [12]
Egypt 61.1% 25 exons El-Sherif et al. [11]
Iran 57.3% 24 exons Barzegar et al. [28]
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intermarriage from other ethnical groups especially during Muslim
immigration may be one of the reasons for this genetic variation.

In spite that point mutation is very difficult to detect due to the
enormous size (2.4 Mb) of the gene and its large transcript (14 kb)
[21-28], however, we detected one patient with single nucleotide
substitution (c.10033c>t) in Exon 69 and to our knowledge this
mutation was not detected before by any other gene study in the
region.

Conclusion

Our study revealed lower frequencies of duplication mutations
(15%) in Saudi patients with DMD with higher percentage of
duplications located in the proximal regions compared to other
populations in which duplication in the proximal region, also our
study reported higher percentage of dystrophin gene deletions
occurring in Saudi patients compared with other ethnic groups,
Furthermore, we confirm in this analysis that the pattern of exon
mutation is the same compared to other populations with some
difference as mentioned above.
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