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Abstract:

Background: Duchenne muscular dystrophy (DMD) is a progressive neuromuscular disorder caused by
mutations in the DMD gene, which encodes dystrophin, a protein critical for muscle integrity. Mutations include
deletions, duplications, and point mutations. Understanding the phenotype-genotype correlation is essential for
optimizing diagnostic approaches and treatment strategies.

Material and Methods: This hospital-based observational study was conducted at J.K. Loan Hospital, SMS
Medical College, Jaipur, from June 2018 to September 2019. Thirty male patients with suspected DMD were
included based on clinical criteria, including progressive muscle weakness, calf hypertrophy, Gower's sign, and
elevated serum CPK. Molecular genetic testing involved MLPA and DMD gene sequencing. DNA was
extracted from peripheral blood, and MLPA was performed using a capillary sequencer.

Results: MLPA confirmed DMD in 93.33% of cases, with deletions in 86.66% and duplications in 6.67%.
Distal hotspot deletions were most common (73.33%), with exon 45 frequently deleted. Multi-exon deletions
involved exons 48—52. The mean age of onset was 3.92 years, and 70% showed delayed gross motor milestones.
Intellectual impairment was observed in 16.67% of patients, and no cardiac involvement was detected.
Conclusion: MLPA is a reliable diagnostic tool for detecting DMD mutations and minimizing the need for
invasive biopsies. Comprehensive genetic testing, including sequencing, is essential for MLPA-negative cases.
No definitive phenotype-genotype correlation was established, highlighting the variability in DMD mutation
patterns and clinical outcomes.
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Introduction

Duchenne muscular dystrophy (DMD) is a consisting of 79 exons and encoding a 14.6 kb

progressive neuromuscular disorder with an
incidence of approximately 1 in 3,500 live male
births (28.5 per 100,000) [1]. It is caused by
mutations in the DMD gene located at Xp21.2,
which encodes dystrophin, a 427 kDa cytoskeletal
protein.

Dystrophin plays a critical role in maintaining the
structural integrity of muscle cells, acting as a
bridge between the sarcolemma and the
extracellular matrix. The absence or dysfunction of
dystrophin leads to the progressive degeneration
and weakness of skeletal and cardiac muscles [2-3].
The DMD gene is the largest human gene,
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mRNA primarily expressed in skeletal muscle,
heart, and brain [4]. Mutations include deletions
(60-65%), duplications (5-6%), and point
mutations. Deletions commonly occur in exons 45—
53, while duplications are seen in exons 220 [2].
Clinically, DMD is characterized by progressive
muscle weakness, calf hypertrophy, thigh muscle
wasting, scoliosis, cardiomyopathy, respiratory
insufficiency, and cognitive impairment.

Common early symptoms include delayed walking,
frequent falls, and toe walking. Most patients lose
independent ambulation by age 12 and die in their
early 20s from cardiac or respiratory failure,
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pneumonia, or airway obstruction [3,5-6].
Diagnosis is based on physical examination,
genetic testing for DMD mutations, muscle biopsy
with dystrophin staining, and elevated creatine
kinase (CK) levels [7]. Multiplex ligation-
dependent probe amplification (MLPA) is the
primary molecular diagnostic tool, detecting
deletions and duplications across all 79 exons of
the DMD gene. Advanced methods like next-
generation sequencing (NGS) are recommended for
cases negative on MLPA to identify smaller
mutations, reducing the need for invasive muscle
biopsies [8].

Treatment options aim to slow disease progression.
Corticosteroids remain the mainstay therapy,
improving muscle strength and prolonging
ambulation by 2-5 years, though side effects like
weight gain and vertebral fractures are common
[9]. Novel therapies under clinical trials include
exon skipping, gene replacement, and premature
stop codon readthrough therapies [10].

Understanding the phenotype-genotype relationship
in DMD is crucial for optimizing diagnostic
approaches, guiding treatment strategies, and
advancing therapeutic interventions.

Material and Methods

The study was conducted at J.K. Loan Hospital,
SMS Medical College, Jaipur, between June 2018
and September 2019 as a hospital-based
observational study. A total of 30 patients were
included, with the sample size calculated at a 95%
confidence level and 5% alpha error, based on an
assumption of 73% genetically confirmed cases
among clinically suspected DMD patients, as
reported in a prior study. Ethical approval was
obtained from the Institutional Ethics Committee,
and written informed consent was secured from
parents or guardians, along with assent forms for
the children. Clinically suspected male DMD
patients were included if they presented with
muscle atrophy and hypertrophy, progressive
proximal muscle weakness, a positive Gower's
sign, elevated serum creatine phosphokinase (CPK)
levels, and a myopathic pattern on
electromyography (EMG). Patients with clinically
suspected DMD but normal CPK levels were
excluded. Detailed histories and clinical findings,
including calf pseudohypertrophy, were recorded,
along with chest radiographs, electrocardiograms
(ECGs), and echocardiograms for selected cases.
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Peripheral venous blood samples were collected
from all 30 participants, and DNA was extracted
using a commercial kit. Molecular genetic testing
was performed using multiplex ligation-dependent
probe amplification (MLPA) of 79 exons of the
dystrophin gene and DMD gene sequencing.
MLPA PCR products were analyzed on a capillary
sequencer (ABI 3500XL) using Coffalyser.NET
software. Peak area ratios were calculated through
block analysis, and results were correlated with
normal controls. Dosage quotients below 0.7 or
above 1.3 indicated deletions or duplications,
respectively. Exon numbering followed the mRNA
reference sequence NM_004006.2, and clinical
significance was reported based on previously
published data.

Results

Table 1 highlights the methods used for genetic
confirmation of DMD. Among the 30 patients,
93.33% were confirmed using MLPA, and 6.67%
required DMD gene sequencing. Deletion patterns
were observed in 86.66% of patients, duplications
in 6.67%, and no detectable mutations in 6.67%.

Table 2 summarizes the patterns of exon deletions
and duplications. Deletions predominantly involved
the distal hotspot (73.33%), with 6.67% in the
proximal hotspot, and 13.33% in both. Most cases
involved fewer than 10 exons, while 20% showed
deletions involving more than 10 exons.

Table 3 describes the clinical presentations.
Gower’s sign was present in all patients (100%),
and 80% showed calf hypertrophy. Delay in gross
motor milestones was noted in 70%, while 23.33%
had Tendoachilles contracture, and 10% exhibited
lordosis or scoliosis.

Table 4 outlines family history and intellectual
development. Positive family history was found in
16.67% of cases, while 83.33% had no family
history. Intellectual impairment was observed in
16.67% of patients, with the remaining 83.33%
demonstrating normal 1Q/DQ.

Table 5 presents demographic data and deletion
patterns. The mean age of onset was 3.92 years,
with presentation at 7.34 years. The most
frequently deleted region was exon 45, while the
largest deletion spanned exons 21-54. Multi-exon
deletions commonly involved exons 48—52, with no
deletions detected in exons 1-2 and 62-79.

Table 1: Molecular Testing and Genetic Confirmation of DMD (n=30)

Test Method No. of Cases Percentage (%)

Molecular Test (MLPA) 28 93.33

DMD Gene Sequencing 2 6.67

Deletion Pattern 26 86.66

Duplication Pattern 2 6.67

Neither Deletion nor Duplication 2 6.67
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Table 2: Exon Deletion/Duplication Patterns and Hotspot Regions (n=30)
Pattern No. of Cases Percentage (%)
Proximal Hotspot 2 6.67
Distal Hotspot 22 73.33
Both Proximal and Distal Hotspot 4 13.33
Neither Hotspot 2 6.67
<5 Exons Involved 12 40.00
5-10 Exons Involved 10 33.33
>10 Exons Involved 6 20.00
No Exon Involvement 2 6.67

Table 3: Clinical and Skeletomuscular Features of DMD Patients (n=30)
Feature No. of Cases Percentage (%)
Gower’s Sign 30 100.00
Calf Hypertrophy 24 80.00
Tendoachilles Contracture 7 23.33
Lordosis/Scoliosis 3 10.00
Delay in Gross Motor Milestones 21 70.00
Normal Gross Motor Development 9 30.00

Table 4: Developmental and Cognitive Features of DMD Patients (n=30)
Feature No. of Cases Percentage (%)
Positive Family History 5 16.67
Negative Family History 25 83.33
Intellectual Impairment (1Q/DQ) 5 16.67
Normal 1Q/DQ 25 83.33

Table 5: Demographics and Detailed Exon Deletion Patterns by MLPA (n=30)

Parameter Data
Mean Age of Onset (Years) 3.92
Mean Age at Presentation (Years) 7.34
Most Frequently Deleted Region Exon 45
Largest Deletion Exons 21-54
Most Common Multi-Exon Deletion Exons 48-52
No Deletion Detected in Exons 1-2,62-79

Discussion

Duchenne muscular dystrophy (DMD) is the most
common type of muscular dystrophy, affecting 1 in
3,500 live-born males [1]. It is caused by mutations
in the DMD gene on chromosome Xp21, which
encodes dystrophin, a 427 kDa protein crucial for
muscle integrity [2]. Mutations result in dystrophin
deficiency, leading to muscle membrane
destabilization and clinical features such as delayed
motor milestones, progressive muscle weakness,
calf hypertrophy, and elevated serum CK levels
[11]. Cognitive impairment, speech delays, and
cardiac involvement due to myocardial replacement
by connective tissue or fat are also common.
Diagnosis involves clinical evaluation,
immunohistochemical analysis, and molecular
genetic testing. Techniques such as MLPA, which
analyzes all 79 exons, have a sensitivity of 63—
79.5% and can detect deletions and duplications in
up to 80% of cases [12]. In this study, 30 patients
were analyzed, with 93.33% confirmed by MLPA
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and 6.67% diagnosed through DMD gene
sequencing. Among them, deletions accounted for
83.33% and duplications for 10%. Similar results
were reported by Dey et al., where 73% of cases
were confirmed genetically [13]. Other studies,
such as those by Sekar Deepha et al. and Mi Ri Suh
et al., also showed high mutation detection rates
using MLPA [14,15]. Deletion frequency in our
study (73%) aligns with reports from South India
(73.1%, Swaminathan et al.), North India (72%,
Sinha et al.), and West India (72%, Singh et al.)
[16-18].

Globally, deletion rates vary, with Korea (45.5%)
and Taiwan (36%) reporting lower rates [19-20].
Neighboring countries, including Pakistan (40.7%),
Sri Lanka (62.5%), and China (66%), also show
lower rates, possibly due to differences in
population genetics or study methodologies [21-
23]. In our cohort, most deletions were in the distal
hotspot region (73%), consistent with Dey et al.
and Swaminathan et al. [13,16]. Exon 45 was the
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most frequently deleted single exon, and exons 48—
52 were commonly involved in multi-exon
deletions. These findings align with studies by
Yang et al. and Magri et al. [24-25]. The largest
deletion in our study spanned exons 21-54.
Duplication patterns differed from Western studies,
where exon 2 is frequently duplicated. We
observed duplications involving exons 3-5, 1241,
and 45. Duplication mechanisms, such as unequal
crossing over or non-homologous end joining, may
explain these variations [24].

Delayed motor milestones were observed in 70% of
patients, higher than the 46.9% reported by Dey et
al. [13]. The mean ages of onset and presentation
were 3.92 and 7.34 years, respectively, similar to
findings by Dey et al. and Swaminathan et al.
[13,16]. Family history was present in 16.66% of
cases, lower than the rates reported in studies from
China (20-27%) and India [13,18].

Regarding cognitive function, 83.33% of patients
had normal DQ/IQ, while 16.67% showed
intellectual impairment. Magri et al. reported
similar findings, though deletions involving exons
45-52 have been linked to lower IQ in some
studies [25].

Interestingly, none of our patients exhibited cardiac
involvement, contrasting with prior studies where
specific mutations were associated with cardiac
dysfunction. This discrepancy may result from our
small sample size or the early disease stage of our
cohort.

Conclusion

This study highlights the importance of genetic
testing in diagnosing Duchenne muscular
dystrophy (DMD). Genetic analysis should begin
with quantitative screening using MLPA, followed
by full sequence analysis for MLPA-negative
cases. MLPA is a reliable and efficient method for
detecting deletions or duplications across all 79
exons of the DMD gene, significantly reducing the
need for invasive muscle biopsies. With
advancements in genetic tools and reduced costs,
the accuracy of mutation detection is expected to
improve further.

In our study of 30 male DMD patients, 6.66% of
MLPA-negative cases were later confirmed
through advanced genetic sequencing, underscoring
the need for comprehensive testing in suspected
cases. While MLPA identifies mutations in 70—
80% of patients, complete DNA sequencing
enables detection of point mutations and other
micro-rearrangements, ensuring accurate diagnosis
for the remaining cases.

Despite extensive genetic testing, no correlation
was observed between the phenotypic (clinical
features) and genotypic (mutation type and pattern)
profiles of DMD patients in this study. This aligns
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with the challenges in establishing phenotype-
genotype relationships due to the variable nature of
DMD mutations and disease progression.

Study Limitations

The study was limited by its small sample size and
the inability to identify alternative diagnoses for
some cases with negative genetic test results.
Additionally, the methodology for calculating
deletion/duplication ratios may have affected the
findings. Differences in results compared to studies
from Korea and other regions may reflect
population-specific variations.
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