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Abstract

Muscular dystrophy is a diseases caused by mutations in genes linked with de-
velopment, maintenance, functioning as well as structure, support and repair of
muscles. Muscular dystrophies are a class of degenerative disorders which are
hereditary in nature. These cause muscle weakness that is progressive. They
are usually transmitted to the offspring, either as autosomal dominant or as re-
cessive. They can also be transmitted as traits that are X-linked. Some cases
might occur due de novo mutation. Muscular dystrophy has been associated
with the microbiome of the gut, which is the group of bacteria that reside in
the gastrointestinal tract of humans. Research suggests that changes in the gut
microbiome may contribute to the development and progression of muscular dys-
trophy. Additionally, research has shown that the gut microbiome can influence
immune system function, and dysbiosis or imbalanced gut microbiome may con-
tribute to chronic inflammation, which is known to contribute to the develop-
ment of muscular dystrophy. Human gut microbiome targeting would be more
appropriate approach for managing the muscular dystrophy. After the ethical
approval 60 questionnaire were filled by 60 healthy individual and 60 by muscu-
lar dystrophy patients. The questionnaires filled by the healthy individual and
muscular dystrophy patients were statistically analyzed to study types of mus-
cular dystrophy prevalent in Pakistan and to find the association of diet and
disease with the microbiome. Stool sample of muscular dystrophy patient and
healthy individual were collected and processed. In current study the difference
of gut microbiota in healthy individual and muscular dystrophy was investigated
through Metagenomics. The variation at class, order, and genus and species level
was observed in both healthy and diseased persons. The difference in microbes in
healthy and muscular dystrophy patients at class level in SEM Alphaproteobacteria
(0.5%), Elusimicrobia (1%), Spirochaetia (1%) whereas in SF was Actinobacteria
(7-8%), Synergistia and Verrucomicrobiae, at order level in SFM was Aeromon-
adales (1%), Elusimicrobiales (2%), Spirochaetales (1.5%) whereas in SF Bifi-
doacteriales (7%), Erysipelotrichales (1%) and Peptostretococccales- Tissierellales

(2%), genus in SEM Elusimicrobium (2%), Lachnospiraceae-NK4A136-group (1%),
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Megasphaera (2%), Roseburia (4%), Treponema (1%), UCG-002 (1%) and uncul-
tured (2%).whereas in SF [Eubacterium/-Coprostanoligenes-group (2%), Agath-
obacter (3%), Bifidobacterium (12.5%), Coprococcus (2%), Dialister (3%), Lacto-
bacillus (4%) and Mitsuokella (5%), at species level in SEM Prevotellaceae- Bacin-
terium (26%), Treponema- Succinifaciens (5%) in SF Bacteroides- Xylanisolvens
(10%), Dorea- longicatena (4%), Lactobacillus- ruminis (14%), Mitsuokella- jalalu-
dinii (6%), Mitsuokella- multacida (8%). The most abundant species in both sam-
ples were uncultured —Alloprevotella (SFM 26%, SF 13%), uncultured-bacterium
(SFM 7%, SF 11%) and prevotella-copri (SFM 8%,SF 15%). The results indi-
cates that the population of microbiome was different in both healthy and disease

patients and diet also effects the disease and microbiome population.
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Chapter 1

Introduction

Muscular dystrophy is an illness resulting from genetic mutations associated with
the processes of muscle development, upkeep, performance, and the structural
support and healing of muscles [1]. This is a hereditary condition with varying
degrees of severity. Within this ailment, muscle loss and reduced function can
result in the inability to walk independently and, in certain instances, even lead

to fatality [2].

Major kinds of muscular dystrophy includes Distal Muscular Dystrophy, Becker
Muscular Dystrophy, Duchenne Muscular Dystrophy, Facioscapulohumeral Mus-
cular Dystrophy, Congenital Muscular Dystrophy, Emery-Dreifuss Muscular Dys-
trophy, Limb- Girdle Muscular Dystrophy, Oculopharyngeal Muscular Dystrophy
and Myotonic Dystrophy. Duchenne Muscular Dystrophy (DMD) which are caused
due to dystrophin deficiency are the most prevalent type of muscular dystrophy

3].

The estimated prevalence of this disease was estimated to be 3.6 per 100,000 peo-
ple worldwide, the highest prevalence was estimated in the Americans to be 5.1
per 100,000 people. The most common muscular dystrophies are DMD and BMD,
with estimated prevalence rates of 4.8 per 100,000 and 1.6 per 100,000, respectively
[4]. Due to the presence of two X chromosomes, men are more likely than women
to have DMB and BMD, and they also do not experience as much suffering from

1
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X-linked recessive illnesses because the unaffected chromosome typically compen-
sates for the mutant gene [5]. Female patients with DMD rarely manifest traits
resembling those found in males [6]. If women possess homozygous mutations in

the dystrophin gene, they are carriers with symptoms [7].

Being a genetic condition, muscular dystrophy is inheritable and has been linked
to 350 various missense, nonsense, splice site, and deletion mutations that are
dispersed throughout the 65 exon coding sequence [8]. They are majorly caused
due to autosomal dominant or recessive mutations [9]. Except Duchenne and

Becker Muscular Dystrophy which are X-linked recessive.

Muscular dystrophy typically develops when muscular fibers cannot withstand
mechanical stress. As a result, the muscle fiber’s sarcolema ruptures, allowing
calcium to enter the muscle cell uncontrollably. When regeneration first starts,
degeneration’s damage is reduced, but this is insufficient, and as time goes on,
muscle cells become unable to endure damage and are eliminated by necrosis or

apoptosis. Later, connective tissue and fat cells replace these muscle cells [10].

Dystrophin is a protein that is integrated into a complex of proteins located on
the muscular plasma membrane’s inner surface, forming what is known as the
Dystrophin-Associated Protein Complex (DAPC). This complex includes not only
dystrophin but also syntrophin, dystroglycans, sarcospan, and dystrobrevins. Its
primary function is to play a vital role in preserving the muscle cell integrity of the
outer membrane, the sarcolemma. This complex plays a vital role in numerous
signaling pathways and serves as a scaffold for channel proteins. Dystroglycan
functions as a receptor on the muscle cell, participating in various pathways, in-
cluding MAPK signaling and the activation of the Racl small GTPase, and it
serves as a binding site for various extracellular proteins. Conversely, Syntrophin
is essential for regulating the activity of ion channel proteins. It can bind to dys-
trophin and dystrobrevin within the DAPC, with up to four syntrophin molecules
transmitting multiple signals, including those related to ion channels and calcium
pumps [11]. A vital cytolinker known as dystrophin is said to link transmem-
brane complexes to actin filaments, intermediate filaments, and microtubules in

order to stabilize cells [12]. Mutations in dystrophin or sarcoglycans result in the
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destabilization of the sarcolemma. The absence of dystrophin leads to a com-
promised Dystrophin-Glycoprotein Complex (DGC), and the mechanical strain
from muscle contractions contributes to the deterioration of the sarcolemma and
the necrosis of muscle fibers. Despite the fact that mechanical damage and sar-
colemmal anomalies are crucial components of the dystrophic phenotype, neither

of these mechanisms can fully explain how this disease progresses [3].

In muscular dystrophy, pathogenic cascades are aggravated by the abnormal ac-
tivation of multiple signaling pathways. Research has demonstrated that loss of
DGC proteins causes the activation of a number of pathogenic cascades that accel-
erate the course of disease [13]. Disruption of it can lead to the abnormal activation
of numerous signaling pathways [14]. It is intriguing that several pathways linked
to the onset of muscular dystrophy are active even before muscle cell necrosis ini-
tiates. This suggests that the absence of a functional Dystrophin-Glycoprotein
Complex (DGC) disrupts normal physiological signaling in striated muscle [15].
The pattern of the DGC-lacking dystrophic disease and the muscular dystrophy
brought on by transient receptor potential canonical 3 (TRPC3) overexpression
and calcium influx increase were nearly identical [3]. Numerous common causes,
including influx of calcium, inflammatory immune cell infiltration of muscle tissue,
accumulation of profibrogenic cytokines and pro-inflammatory, activation of dif-
ferent enzymes that breakdown protein, the autophagous defects, and occasionally

the apoptosis, are involved in cause and progression of muscular dystrophy [3].

The inflammatory response that occurs after tissue damage has a significant im-
pact on proliferation and differentiation of muscle cells, with different regenerative
stages being supported its pro-inflammatory or anti-inflammatory stages [16]. Re-
generation of muscle tissue is closely regulated by a number of inflammatory signals
from various immunocytes. As muscle begins to degrade, an accumulation of IL-
17A+ T cells induces inflammation and speeds up tissue healing [17]. There is a
possibility that an important portion of the pro-reparative function of IL- 17A+
T cells in muscle is mediated by increased accumulation of neutrophil following
injury. Neutrophils are the first cells that enter injured muscle, and they are es-

sential in removing necrotic muscle fibers, which is an essential step in activating
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the repair mechanism [18].

Absence of Dystrophin
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FIGURE 1.1: Mechanisms involved in muscular dystrophy [16]

As most prevalent type of Muscular Dystrophy is DMD worldwide so, most of the
treatment therapies are focused on this type of muscular dystrophy. Major treat-
ment therapies include pharmacological treatment, CRISPR-based gene editing,
physical, and microdystrophin therapy, exon skipping therapy, cell-based therapy,
and utrophin up regulation and stop codon read-through therapy [19].

Pharmacological treatment involves the administration of the corticosteroid pred-
nisone, an anti-inflammatory medication known for its ability to enhance mus-
cle strength. However, this drug is associated with various side effects. As an
alternative, Deflazacort is often prescribed due to its milder side effects, includ-
ing reduced risk of weight gain, immunosuppression, and osteoporosis. Another
pharmacological option is the antibiotic Gentamicin, which has shown promise in
improving muscle function by inhibiting the premature synthesis of a protein lo-
cated in the N-terminal binding region of dystroglycan [20]. Restoring dystrophin
production through exon deletion of the DMD gene and genome editing with the
CRISPR/Cas9 technology leads to a functional recovery of muscle strength [21].
Novel formulations are under development, with the aim of transforming them into
oligonucleotides through the utilization of viral vectors. These viral vectors, in-
cluding adeno-associated viruses, are employed for gene delivery. But this method
poses challenges for treatment of DMD due to very large size of its gene. Various

cell-based methods are also considered for the delivery of full gene by injecting
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stem cell, skeletal myoblast injection into muscle tissue. Alternative cell-based
approaches are also being explored for delivering the complete gene, involving the
injection of stem cells or skeletal myoblasts directly into muscle tissue. Unfortu-
nately, the success rate is notably limited, as these cells tend to migrate away from
the injection site, and their overall survival rate remains quite low [22]. Addition-
ally, there are efforts underway to develop small molecule drugs aimed at inhibiting
the generation of premature stop codons caused by nonsense mutations. This inter-
vention helps to avert the premature termination of translation and subsequently
leads to the restoration of dystrophin [23, 24]. As a substitute for dystrophin
deficiency, upregulating endogenous utrophin offers tremendous promise for the

therapy of DMD without posing any immunogenic risks [25].

Previous research has supported the hypothesis that the microbiota controls my-
ocyte metabolic activity, which in turn controls muscle mass. The pro-regenerative
effects of the microbiota may have been mediated by I1-17A+ T, which elevated
early inflammation [26]. Through an IL-17A-dependent pathway influenced by
the microbiota, IL-17TA+~d T cells contributed to the initial triggering of inflam-
mation and eventual tissue regeneration. These findings suggest potential new

therapeutic targets for muscle regeneration and repair [27].

Myopathies encompass a varied range of infrequent skeletal muscle disorders, fre-
quently associated with unfavorable prognoses. Duchenne Muscular Dystrophy
(DMD) distinguishes itself as the most widespread and severe within this cat-
egory 1 in 3,500 male births globally affecting approximately. [28]. Dystrophin-
associated glycoprotein complex (DAPC) formation is often highlighted in Duchenne
muscular dystrophy (DMD), typically arising from the deletion of one or more ex-
ons in the dystrophin gene. This complex, comprising specific proteins such as
dystrophin, are essential to preserving the integrity of the structure and function
of both the heart and skeletal muscles. [29]. The permanent tissue degeneration
caused by the breakdown of muscle architecture is triggered by the disruption
of dystrophin expression and function. This deteriorating condition is further

compounded by sustained compromised autophagy, inflammation, fibrosis, and
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tissue necrosis [30, 21]. Despite ongoing experimental advancements in thera-
pies for Duchenne muscular dystrophy (DMD), a definitive cure remains elusive
[32]. Consequently, the cornerstones of palliative treatment continue to be corti-
costeroids, more especially prednisolone (PRED) and deflazacort (DFZ). Demon-
strating their efficacy in preserving functional abilities, both agents have shown
positive outcomes in various models of mouse of DMD and controlled trials that
are randomized. [33, 34].Yet, questions linger regarding the enduring advantages
and the security of certain medical procedures. Findings from controlled trials that
are randomized indicate that both deflazacort (DFZ) and prednisolone (PRED)
may induce side effects such as sudden increase in weight, cognitive disorienta-
tion, feelings of despondency, issues related to growth, and the development of

cataracts. [35, 36].

According to reports, the microbiome may also play a role in autoimmune disor-
ders, just as differences in the gut microbiome may put up to the development of
certain diseases [37]. Given these observations, it’s reasonable to speculate that
changes in the microbiome of dystrophic patients could potentially contribute to

muscle damage by influencing local inflammation [38].

The microbiome present in an individual’s gut is believed to be established from
the surrounding environment at the time of birth [39, 40]. As a result, the mi-
crobiome can function both as a pre-established factor shaped by and interacting
with the host, and as an environmental element that impacts the host’s genetics
to shape its phenotype. The potential to manipulate the microbiome for thera-
peutic objectives makes it an attractive candidate for modification. By gaining
a more profound comprehension of the connections between the gut microbiome
and the host genome, it may be possible to customize microbiome alterations to

suit specific host genomes, thereby reducing the risk of illness [41].

1.1 Problem Statement

Host genetics and the gut microbiome can both influence metabolic phenotypes.

However, whether variations in the genetic of host influences the gut microbiome
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or gut microbiome impact the host phenotype is unclear. Determining whether
host genetics simultaneously associates with differential microbial abundance and
disease risk/progression is a central challenge and its solution has substantive

potential for personalized diagnosis and/or treatments for disease.

1.2 Aim

The purpose of this study is to explore the relationship between disease (muscular

dystrophy) and changes in the human microbiome.

1.3 Objectives

e To determine the prevalence of types of muscular dystrophy in local popu-

lation.
e To evaluate the impact of food on disease and symptoms

e To identify the association between disease and changes of microbiome of

muscular dystrophy and healthy individuals.

1.4 Scope of Study

Along with external elements lifestyle, host genetics and nutrition affect the com-
position of gut microbiome. Muscular dystrophy is a hereditary condition, and
genome- wide studies of microbiome have the potential to uncover additional host
genetic variations that influence the course of the disease via altering the micro-

biome’s makeup and help devise better management studies.
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1.5 Impact on Society

This study can provide future reference to devise better management strategies

for muscular dystrophy by employing microbiome.



Chapter 2

Literature Review

2.1 Muscular Dystrophy

Muscular Dystrophies are a collection of inherited degenerative disease marked
by the gradual onset of muscle weakness. They can be inherited in several ways,
including autosomal dominant or recessive patterns, and they may also be linked
to the X chromosome. In some instances, these conditions can arise from de novo
mutations. Typically, cases with an early onset during childhood tend to exhibit
a more severe phenotype. Traditionally, clinical and pathological characteristics
have been the primary criteria for diagnosing muscular dystrophies. However, in
recent times, the classification of most muscular dystrophies is based on molecular

genetic confirmation [9].

2.2 Types of Molecular Dystrophy

Types of
muscular

dystroph
\/

FIGURE 2.1: Types of Molecular Dystrophy [42]

9
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2.2.1 Duchenne and Becker Muscular Dystrophies

The most prevalent and severe subtype of dystrophin - associated muscular dys-
trophies is Duchenne Muscular Dystrophy. It affects approximately one in 3500 —
5000 live male births. This condition is inherited in an X - linked recessive manner

and is notably more severe than the milder Becker muscular dystrophy (BMD) [4].

The major cause of Duchenne and Becker muscular dystrophy is mutations in the
human gene, Dystrophin, which is situated at Xp21 zone of X chromosome and
encompasses about 2.4 Mb of genomic material. This gene has 79 exons encrypting
mRNA of 14-Kb producing a 427-Kd membrane protein called Dystrophin [43].
DMD/BMD is clinically linked with progressive muscular weakness and atrophy
that is irreversible, mainly affecting the skeletal muscles and the cardiac muscles.
Diagnosis of individuals with DMD is done usually by the first 5 years of life. Prior
to turning 13 years old, the patients are wheelchair dependent. By 20 years of
age, the patients usually pass due to either respiratory or heart failure. Patients
of BMD have a manifestation that is comparatively milder and show a later-
onset of weakness of the skeletal muscle. BMD patients have the capability of
independently walking before 16 years of age or later. Their life expectancy is also
normal [44]. The major clinical differences that are seen between DMD and BMD
are due to different mutations occuring in Dystrophin gene. In some individuals,
point mutations are shown that are predominantly nonsense and/or frame-shift
mutations, which are around 10-30%, 5-15% are by duplications, and intronic or

3- and 5-UTR alterations are about 2% [45].

Either these mutations are inherited from female carriers that are asymptomatic,
which accounts for around ~70% of cases, or they are de novo, accounting for
~30% cases [43]. A non-functional protein is produced when a shift in the ORF,
the open reading frame, results from the mutation, or a stop codon that is prema-
ture is generated by the mutation, causing the patient to develop DMD. Compar-
atively, production of a protein that is partially functional occurs upon the main-
tenance of the 10 reading frame, i.e., in-frame mutation, leading to the patients

showing clinical symptoms that are milder, associated with BMD [46]. However,
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the extent as well as the location of in-frame mutations has been observed to have
an impact on the severity of the disease in Becker patients. The mutations causing
disruption of the domain that binds actin and or the disruption of binding domain
for beta-dystroglycan cause the production of Dystrophin that is non-functional,
leading to the individual developing the phenotype of DMD. Furthermore, a large
obliteration occuring in the domain that is in the centre (>36 exons) generally

advances to a phenotype of Duchenne muscular dystrophy [47].

2.2.2 Myotonic Dystrophy

Dystrophia Myotonica is another name of Myotonic Dystrophy, is a progressive
neuromuscular disorder. DM type 1 arises from an expansion of CTG triplet re-
peats in the DMPK gene, while the second type of DM results from an growth of
CCTG tetramer repeats in the CNBP gene. Key symptoms include slow muscle
relaxation (myotonia), weakness of muscles, and early cataracts. Affected people
frequently also notice alterations in their cognitive functioning and cardiac ar-
rhythmias. Genetic testing reveals that type 1 DM (DM1) has an enlarged CTG
repeat in the 3" untranslated region of DM Protein Kinase (DMPK). Genetic anal-
ysis of people with DM type 2 (DM2) reveals that the cellular nucleic acid binding
protein’s intron (CNBP) has an enlarged CCTG repeat [29].

Upon the increase of cellular mass of CUGexp or CCUGexp RNA greater than
the threshold that causes disease, the resulting titration of MBNL proteins has an
impact on polyadenylation (polyA), differential splicing or the genomic expression
for hundreds of 11 genes. Similarly, the CUGexp RNA expression too has an effect
on cell signaling, leading to subsequent impacts on RNA processing and muscle

metabolism [48].

The RNA repeats that are expanded are recognized occasionally by translational
machinery in a way which leads to initiation of translation within the repeat tract,

in spite of the canonical start codon absence [49]. The repeat related nonATG
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(RAN) translation phenomenon causes the formation of peptides that are neuro-
toxic in nature. In DM biology, two major points are significant in the therapeu-
tic context. In these, the first point is that there is retention of toxic RNAs in
nuclei, forming nuclear foci. Development of foci is possibly nucleated by CUG-
exp/CCUGexp ~-MBNL interrelationship, by a mechanism dependent on signaling
pathways as well as other factors. The molecular crowding in foci results in the
production of an elevated concentration of binding sites of MBNL. In protein ex-
cess situations, recruitment of a MBNL fraction occurs into foci, but it can be
exchanged with free MBNL that is present in the nucleoplasm, retaining activity.
Both of the conditions, i.c., the protein excess and excess of RNA, might corre-
spond more or less to the pre- symptomatic and later stages of DM1, in which
the transitioning from one to the other is dependent on the CUGexp tract length.
Noticeably, concentration of the latter is unfixed as extended CTG repeats growth
increases in somatic cells as time progresses. There is comparatively very minor
splicing dysregulation in initial stages of DM1 [50].

TABLE 2.1: Types of muscular dystrophy, cause and disease symptoms [43]

Type of Dystro- Age of On- Muscles Af- Protein Af- Disease Symptoms
phy set fected fected
Duchenne (DMD) Childhood Heart, legs, hips,  shoulders mus- Dystrophin & Severe muscle
cles atrophy and weakness, pneu-
monia, cardiomyopathy, con-
tractures, respiratory failure,
and scoliosis. Early in the 20s,
death.
Becker (BMD) Adolescence/  Muscles in the heart Dystrophin & Similar to DMD
adulthood shoulders, hips, in terms of muscle weakening,
legs, back, but with a significantly slower
rate of progression, and Heart
disease.
Limb-girdle Adolescence Pelvic girdle shoulder mus- Myotilin - a- (- sarcoglycan
(LGMD) to early culature & Within 20 years of the out-
adulthood set, walking could not be pos-

Emery-Dreifuss

Childhood to

Distal lower ex-

proximal upper

sible. cardiac issues, which can
occasionally arise later
&  Early

Emerin, lamin

(EDMD) early teenage  tremities extremities cardiomyopathy with contrac-
tures

Oculopharyngeal Age  40-60 Eyelids, throat Poly- Abinding  Aspiration pneumonia, dys-

(OPMD) years protein 2 phagia, and ptosis of the eye-

lids
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TABLE 2.1: Types of muscular dystrophy, cause and disease symptoms [43]

Type of Dystro- Age of On- Muscles Af- Protein Af- Disease Symptoms

phy set fected fected

Distal muscular  Late adoles- Legs’ anterior posterior com-  Dysferlin Titin & Gradually in-

dystrophies cence partments creasing, Can eventually im-
pact the heart, lower limbs,
and upper extremities. May
eventually have an impact on
the distal arm muscles and an-
terior compartment. Gradual
advancement and lifelong ca-
pacity for autonomous walk-
ing.

Congenital  mus- At birth Face, neck, distal  proximal upper Laminin a2 (merosin) FKRP

cular  dystrophies lower limbs, limbs LARGE Fukutin & Seizures,

(CMD) joint  contractures,  issues

with speech and cognition.
Most never pick up walking.
Changes in white matter and
anomalous structures
Facioscapulohumeral Childhood to  Shoulders, upper  Not identified Anomalies of the retina, mod-
(FSHD) early adoles- proximal extrem- erate hearing loss, and cardiac

cence ities conduction issues

However, its severity increases in later stages, and it resembles mice that have
collective loss of both MBLN1 and MBNL2 [50]. There are significant therapeutic

implications to this approach, if substantially correct.

(1) Agents that act preferentially in the nucleus, antisense oligonucleotides, for in-
stance, might show a greater impact compared to the ones that act predominantly

in the cytoplasm, like siRNAs.

(2) The stabilization of expansions of CTG might prevent presentation of symp-

toms of DM.

(3). Foci do not consist of intractable clumps of denatured substance. Instead,
These are dynamic composition that can be spread and are accessible to medica-

tions.
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(4) even a moderate MBNL release, either by a decrease in the toxic RNA levels,
or by CUGexp-interactions blockage, might result in the production of dispro-
portionate 12 reversal of defects in processing of RNA, potentially improving the

symptoms of the disease.

(5), The greatest affinity poly (CUG) binding protein titration of MBNL proteins,
may be the primary factor in the early stages of DM1, however in the later stages,
the exposure of CUGexp binding sites that are vacant may lead to a much more
extensive pathological cascade. This can be addressed by reverting back to the

MBNL excess criteria [51].

In the case of DM1, there is a reduction in the basal DM kinase protein expression
by half because of the mutated DMPK (mutDMPK) mRNA nuclear retention.
It was indicated in the initial reports that deletion of DMPK in mice leads to
defects in cardiac conduction in heterozygotes as well as skeletal muscle pathology
in homozygotes. Another recently done research, however, found no effect of either
knockdown or knockout of DMPK on survival, development, and contraction of the
muscles, function of the ventricle or cardiac conduction in rats [52]. Additionally,

in monkeys, knockdown of DMPK was tolerated well [53].

2.2.3 Limb-girdle Muscular Dystrophies

Limble-Girdle Muscular Dystrophy encompasses a diverse class of Mendelian dis-
orders characterized by progressive deterioration of the proximal limb muscles.
Typically, these conditions also impact other muscle groups, including the respi-
ratory and cardiac muscles. The presentation and clinical advancement of these
conditions can exhibit considerable variation, spanning from severe forms char-
acterized by swift onset and progression to milder variants that allow affected
individuals to maintain relatively regular lives with typical levels of activity and
life expectancy [54]. LGMD has evolved into a descriptive phrase that now in-
cludes the clinical images of many other diseases. The earlier definition stated that
autosomal-recessive muscular dystrophies—muscular dystrophies that are milder

than DMD—were inherited [55]. The development of next generation sequencing
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(NGS) techniques has sped up the finding of new LGMD genes. Only 16 loci were
on the list ten years ago [56].

2.2.4 Facioscapulohumeral Muscular Dystrophy

Facioscapulohumeral muscular dystrophy ranks as one of the most prevalent hered-
itary muscular diseases, with an incidence rate of approximately 1 in 8000 indi-
viduals [57]. The primary features used to characterize this condition include
progressive muscle wasting, as well as atrophy affecting the shoulder, limb-girdle,
and facial muscles in an asymmetrical manner. Additionally, individuals with this
disease may also exhibit muscular atrophy in the anterior leg and weakness in
the abdominal muscles [58]. The inheritance of this disease is as a trait that is
autosomal dominant. Its association has been found with a repeat contraction in
the D474 gene locus on chromosome 4q35 as well as specific allele configuration

[59).

Several features of FSHD strongly suggest the involvement of epigenetic factors.
These characteristics include varied intensity and pace of progression of disease,
asymmetric muscular atrophy, and gender bias in penetrance, and monozygotic

twin discordance [60].

2.2.5 Congenital Muscular Dystrophies

Congenital Muscular Dystrophies, abbreviated as CMDs, represent a rare class of
muscular dystrophy disorders. They are characterized by an early onset of mus-
cular weakness, typically appearing within the first year of life. This condition
is marked by severe neonatal hypotonia and distinct histological features associ-
ated with dystrophic lesions. Muscle biopsies conducted on CMD patient’s exhibit
significant variability, but they consistently display the dystrophic lesions’ distinc-
tive pattern. The histological variations may potentially be connected to various

phases of the illness, demonstrate the seriousness of the condition, or even involve
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a combination of both factors [61]. CMDs prevalence is not known well, and cur-
rently it is maintained roughly in the 1/100,000 individuals’ range. This group
involves not only muscles, but also other structures of the body such as the eyes,
heart, and the brain. Difficulty is faced in diagnosis, and establishment of the
appropriate time for performance of a muscular biopsy is not easy. However, there
is considerable significance of muscular biopsy for the indication of the molecular/-
genetic analysis that is correct. For any of these forms, the disease course is severe
usually. The life of patients is prolonged by respiratory and nutritional support, 14
but early fatal outcome is not unexpected. Clinical diagnosis performance, as well
as molecular diagnosis is of utmost importance for prognosis, genetic counselling,
and anticipatory treatment as well as for prospective treatment. Currently, no

treatment that is pharmacological exists for the CMDs [60].

For now, the treatment is done for improvement of the course of the disease, with
prevention or treatment of pulmonary and cardiac impairment. Physiotherapy
treatment is advisable for the prevention of deformity of joints, muscles retrac-
tions, and scoliosis. In case of respiratory distress, supportive treatment with
respiratory support that is noninvasive is provided. Gastro-esophageal reflux cor-
rection, cardiac failure support, respiratory infection treatment, and nutritional
treatment with new modes must be carried out constantly. A wider and better

survival has been allowed to these patients with this treatment strategy [62].

2.2.6 Distal Muscular Dystrophies

A significant category of inheritable muscular disorders falls under the umbrella of
distal muscular dystrophy. These disorders are characterized by increasing weak-
ness and muscular atrophy, particularly affecting the hands and/or feet. Distal
muscular dystrophies are classified based on several criteria, including: i) Clinical
characteristics, such as onset timing: carly or late and whether they primarily
affect the hands or feet. ii) Evidence of involvement of the anterior or poste-
rior compartments of the legs, as determined by Magnetic Resonance Imaging
(MRI).iii) the pattern of inheritance. iv) Histopathological findings. Recent re-

search has led to the discovery of the corresponding genes accountable for several
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types of distal muscular dystrophies. Interestingly, numerous mutated genes linked
to distal muscular dystrophies produce proteins involved in the Z-disk and con-
tractile machinery, in contrast to genes found in proximal muscular dystrophies,

which often encode sarcolemma proteins [63].

2.2.7 Oculopharyngeal Muscular Dystrophy

A pathological cue in many neurodegenerative diseases is protein aggregation. It is
seen in a variety of disorders, including amyotrophic lateral sclerosis, Huntington’s
disease and Parkinson’s. One distinguishing aspect of the aforementioned disorders
is the formation of aggregates by the accumulating of disorderly processed and

misfolded proteins that lose their physiological roles partly [64].

OPMD, that is the Oculopharyngeal muscular dystrophy, is among these pro-
teinopathies. In this type, the mutated protein is accumulated as combined in
the nuclei that are diseased. This disorder is an autosomal dominant muscular
dystrophy that is rare. Its onset is later in life, usually in the late fifth decade.
OPMD is associated with gradual deterioration of a particular muscle with time,
eventually causing droopiness of eyelids, known as ptosis, dysphagia which is diffi-
culty in swallowing, and proximal limb weakness. Brief repeat expansions of GCN
in gene that codes for poly (A) binding protein nuclear 1 (PABPN1) leads to
OPMD. A major pathological marker of the disease is nuclear aggregates formed

by alanine-expanded PABPN1 in muscle fibres [65].

2.2.8 Emery-Dreifuss Muscular Dystrophy

Emery-Dreifuss Dystrophy (EDMD) is uncommon form of muscular dystrophy,
and its diagnosis is critically important due to its potentially life-threatening car-
diac complications. EDMD typically presents with a combination of cardiomyopa-
thy, muscle weakness, abnormalities in cardiac conduction, and early contractures.
The manifestation and severity of these symptoms can vary depending on the spe-

cific subtype of the disease. Several genes are associated with EDMD), including
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LMNA, EMD, SYNE2, SYNE1, TMEM43, FHL1, SUN2, SUN1, and TTN, which
encode proteins like lamin A/C, emerin, nesprin-1,nesprin-2; titin, SUN1, SUN2
FHL1, and LUMA, respectively. The clinical presentation of EDMD is distinc-
tive, and it typically results from functional or structural defects in one or more
proteins that make up the nuclear envelope, a condition known as "nuclear en-
velopathy.” These disease mechanisms may lead to disruptions in the importation
of proteins into the nucleus. The nuclear lamina, as well as the outer and inner
nuclear membranes, collectively form the nuclear envelope, which serves as the

structural framework of the nucleus [66].

If any of the proteins that are involved in providing the framework are affected
by any deficiency or mutation, it can lead to loss of structural stability of the
nucleus. For the tissues that are under stress frequently, this situation can be par-
ticularly problematic, such as the skeletal and heart muscle. The proteins involved
are LMNA, emerin, nesprin-1, nesprin-2, SUN1, LUMA, and SUN2 encrypted by
LMNA, EMD, SYNE1, SYNE2, SUN1, TMEMA43, and SUN2 genes, respectively.
Diagnosis of EDMD is tough because due to its rarity and the fact that it has
phenotypic overlap with other muscular dystrophy forms, namely the LGMD and
congenital muscular dystrophy. Clinical symptoms include weakness in the neck
extensor, a cardiomyopathy, and classic pattern of contractures, tachyarrhyth-
mias and bradyarrhythmias. In the case of EDMD, there are no therapies that
arc disease modifying available as of yet. Due to this reason, there is a need of
management that comprises of treating symptoms and clinical monitoring. Sub-
stantial publications regarding the benefits of exercise, coenzyme Q10 or creatine
are absent in Kmery-Dreifuss muscular dystrophy. Patient monitoring should be
held either in a clinic that is multidisciplinary or in a setting where coordination
among different specialists as well as communication is easy, due to the complex

multi-organ system complications observed in this disease [67].

Investigational therapies of EDMD were held at the laminopathy subtype (EDMD?2),
mainly because of the large number of patients being in this subtype, but in addi-
tion to this, it is because of the robust mouse model that is available for laminopa-

thy. Comparatively, for emerin deficiency, a mouse model that had been developed
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has a phenotype that is more subtle. Anti-thromboembolic prophylaxis, heart
transplantation, respiratory management, cardiac pharmacotherapy has been an
option in EDMD for quite a while. It was shown in a new research that at least in
the case of cell culture, the skipping of exon 5 of LMNA is mediated by antisense
oligonucleotide and this can be used successfully. Therefore, among the patients
that have dominant mutations of this 17 exon, it is a promising therapeutic ap-
proach. Other strategies of molecular biology that can play a role in EDMD, like
AAV-based, i.e., the adeno-associated virus, replacement of genes and techniques

of gene-editing, are not yet studied formally in the case of this disease [68].

2.3 Genetic Causes

Muscular dystrophy is a medical condition wherein muscles are unable to with-
stand physical stress, exhibiting characteristics such as dysregulated calcium sig-
naling, muscle disruption, and damage to the muscle plasma membrane. As muscle
fibers deteriorate, they undergo a regenerative process to generate new muscle tis-
sue. However, when degeneration surpasses the capacity for regeneration, it leads
to cell necrosis or apoptosis. Then fat cells and connective tissue replaces the

degenerated tissue [10].

r :
Collagen V1

FIGURE 2.2: Genetic causes of muscular dystrophy [41]



Literature Review 20

A genetic condition, muscular dystrophy is inheritable and has been linked to 350
various missense, nonsense, splice site, and deletion mutations that are dispersed
throughout the 65 exon coding sequence [8]. Mutations and variations in expres-

sions of various genes are involved in various forms of muscular dystrophy [53].

2.4 Pathophysiology

Following major mechanisms are involved in the progression of muscular dystro-

phy:

2.4.1 Dystrophin Associated Protein Complex and Mus-
cular Dystrophy

Dystrophin, a protein is found incorporated in protein complex on inner sur-
face of muscle plasma membrane forming Dystrophin associated protein complex
(DAPC).Alongside dystrophin, this complex includes syntrophin, dystroglycans,
sarcospan, and dystrobrevins. The primary function of this protein complex is
going to involved critical role in maintaining the stability of the sarcolemma, the
outer membrane of muscle cells. Moreover, this complex is vital in various sig-
naling pathways and serves as a scaffold for channel proteins. Dystroglycan, in
particular, can be regarded as a receptor present on muscle cells that participates
in a range of pathways, including those involving the MAPK signaling and Racl
small GTPase. Moreover, it acts as a binding location for numerous extracellular
proteins. In contrast, syntrophin has a vital function in controlling the activity of
ion channel proteins. Up to four syntrophin molecules can bind to both dystrophin
and dystrobrevin within the DAPC, facilitating the transmission of multiple sig-
nals, including those related to ion channels and calcium pumps [11]. Dystrophin
is reported as a crucial cytolinker that functions to stabilize cells by connecting
transmembrane complexes to actin filaments, intermediate filaments, and micro-
tubules [12]. Sarcolemma instability is caused due to mutations in dystrophin
or sarcoglycans. The functionality of DGC is compromised due to deficiency of

dystrophin, and the mechanical stress brought on by muscular contraction causes



Literature Review 21

degradation of sarcolemma and necrosis of muscle fibers. Although sarcolemmal
abnormalities and mechanical damage are essential factors that are involved in
dystrophic phenotype, but both of them cannot explain the progression of this
disease [3]. In muscular dystrophy, pathogenic cascades are aggravated by the
abnormal activation of multiple signaling pathways. Research has demonstrated
that loss of DGC proteins causes the activation of a number of pathogenic cascades
that accelerate the course of disease [13]. And its disruption can cause abnormal
activation of many signaling pathways [14]. Interestingly several pathways associ-
ated with the development of muscular dystrophy are active prior to the beginning
of muscle cell necrosis, indicating that the absence of a functional DGC impairs
physiological signaling in striated muscle [15]. The pattern of muscular dystro-
phy caused by transient receptor potential canonical 3 (TRP3) overexpression and
the influx of calcium raise was almost identical to the DGC-lacking dystrophic
illness [3]. It has also been discovered that aberrant myogenic signaling is present
in other Muscular Dystrophy that arise from the loss of nuclear membrane pro-
teins (e.g., lamins A/C, Emerin) or enzymes of cytoplasm (e.g., Calpin-3). These
findings suggest that signaling defects are a common pathological cause in all
types of Muscular Dystrophy [15]. Numerous common causes, including influx of
calcium, inflammatory immune cell infiltration of muscle tissue, accumulation of
pro-inflammatory and profibrogenic cytokines, activation of different proteolytic
enzymes, autophagy defects, and occasionally apoptosis, are involved in cause and

progression of muscular dystrophy [3].
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FIGURE 2.3: Dystrophin associated protein complex [69]
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2.4.2 Calcium Influx and Membrane Instability

Sarcolemmal instability is one of the essential early processes in muscular dys-
trophy that leads to the degenerative characteristics found in the later stages of
disease progression. It has been suggested that a major contributing element
to the skeletal muscle degeneration in muscular dystrophy is compromised cal-
cium (Ca2+) homeostasis [70]. The connection between destabilization of the
sarcolemma and calcium homeostasis disturbance in muscles lacking dystrophin
is additionally indicated by the discovery that an excess of dystrophin protein
was enough to avert the rise in intracellular Ca2+ levels. A relationship between
sarcolemmal destabilisation and impairment of homeostasis of calcium in muscles
inadequate in dystrophin is further suggested by the finding that the dystrophin
protein’s overexpression was enough to stop the increase in intracellular Ca2+
levels [71]. Major features of muscular atrophy like degeneration, myofibers and
regeneration and fibrosis are induced by overexpressing TRPC3, together with a

rise in Ca2+ concentration [3].
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FIGURE 2.4: Mechanism of Ca2+ excess in a muscle cell lacking dystrophin
[72]

One of the key ways that a high Ca2+ level contributes to muscular dystrophy is
by activating calcium-dependent proteases like calpains, which ultimately induce
the breakdown of proteins in muscle cells and necrosis [73]. At the age of four
weeks, it results in the reduction of endogenous calpains activity and significantly
reduced muscle necrosis. This implies that calpains are involved in fiber necrosis
in dystrophic muscle and that their inhibition can ameliorate dystrophinopathy.

[74].
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2.4.3 Muscle Wasting by Immune Cell Infiltration

Studies have shown that the diaphragm and leg muscles, which experienced dam-
age, exhibited a more gene expression associated with response of inflammation
compared to the unaffected extraocular muscles [75]. Many inflammatory chemi-
cals, such as TNF-, IL-1, and IL-6, as well as molecules that are adhere to cells,
such intracellular adhesion molecule-1, are expressed more frequently in dystrophic
myofibers [14]. Indeed, immune cell infiltration, which commences prior to the be-
ginning of the primary disease and persists throughout subsequent phases, is now
acknowledged as a unique in response that directly fosters inflammation and par-
ticipate to the initiation and advancement of muscle lesions [76]. The main types of
immune cells that enter muscle cells are neutrophils, T-cells, and macrophages [76].
Previous research has shown that systemic treatment of a monoclonal antibody
dramatically reduces the number of injured fibers in mdx mice [77]. Nitric ox-
ide produced by activated macrophages causes muscle cells to be destroyed (NO).
Proinflammatory cytokines, which promote wasting of muscles by activating prote-
olytic systems and preventing synthesis of muscles, are likewise primarily produced
by macrophages [76]. Moreover, macrophages have the ability to phagocytose dam-
aged myofibers and subsequently present T-cells with antigens to activate them.
In fact, the presence of T-lymphocytes, mast cells, eosinophils, and neutrophils in

dystrophic muscle also contributes to fiber wasting [78].

2.4.4 ROS, RNS and Muscular Dystrophy

Superoxide anion, H202 (hydrogen peroxide), or NO can be produced as a re-
sult of excessive oxidative stress. Secondary ROS and RNS at high quantities
can harm DNA, structural proteins and regulatory proteins, and lipids in mem-
branes. There have been reports of higher lipid and protein oxidation levels in
the dystrophic muscle of DMD patients [79]. NF-B is necessary for cell survival,
yet data suggests that activating NF-B results in the loss of skeletal muscle. In
both physiological and pathological situations, active NF-B is thought to cause
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muscle atrophy through the following three mechanisms: (a) Many proteins ex-
pression in the ubiquitin-proteasome system, such as E3 ubiquitin ligase MuRF1,
is increased by NF-B, which enhances the damage of skeletal muscle; (b) NF-B
also elevates the numerous expression of pro-inflammatory cytokines, inflamma-
tory cytokines, adhesion molecules for cells, and matrix-degrading enzymes, which
aggravate skeletal loss of muscle mass; (c¢) Finally, active NF-B can prevent my-

ofibers from regenerating after injury [80].
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2.5 Diagnosis

With the rise of innovative technologies, there is an increasing utilization of genetic
counseling and prenatal diagnosis. These advancements enable the detection of
nearly all fetal muscular dystrophies before delivery. Amniocentesis and chorionic
villus sampling are two techniques used in prenatal screening [82-84]. Further-
more, employing cell-free fetal DNA fragments discovered in the maternal plasma,
relative haplotype dosage (RHDO) analysis of the plasma is utilized to sequence
the fetal genome [84]. Applying preimplantation genetics involves removing a

blastomere following in vitro fertilization, then collecting and analyzing DNA [85].

2.5.1 Muscle Biopsy

An additional frequently used approach for diagnosing Duchenne muscular dys-

trophy (DMD) involves conducting a muscle biopsy to examine the histology of
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skeletal muscles. This biopsy, along with dystrophin analysis, proves valuable in
confirming a DMD diagnosis, particularly in cases where genetic testing yields
negative results or reveals a genetic variant of unknown significance [87]. Histo-
logical findings common to all dystrophies include irregularities in muscle fiber
size, necrosis, presence of tissue macrophages, and the degree of muscle mass sub-
stitution with connective and adipose tissue. These characteristics change based
on the disease’s stage. [88]. Conducting an open muscle biopsy is essential to
ensure a sufficient amount of muscle tissue for identifying the specific type of mus-
cular dystrophy. Nevertheless, if the differential diagnosis is limited to Duchenne
muscular dystrophy (DMD) alone, a needle biopsy may be considered appropri-
ate [89]. After acquiring the muscle sample, the primary analysis for Duchenne
muscular dystrophy (DMD) involves conducting immunocytochemistry and im-
munoblotting to assess the presence of the dystrophin protein [90]. It is essential
to make a clear differentiation between the dystrophin protein’s whole and partial
absence to definitively identify Duchenne muscular dystrophy (DMD) from other
dystrophinopathy phenotypes. Individuals with DMD typically exhibit no dys-
trophin on a western blot (or minimal presence), whereas those with Becker mus-
cular dystrophy (BMD) may show diminished dystrophin that is smaller (80%),
of normal size (15%), or larger (five percent) [91]. For individuals with Duchenne
muscular dystrophy (DMD), a diagnostic criterion is the discovery of less than
five percent of normal dystrophin [92, 93]. In the case of Becker muscular dystro-
phy (BMD), a diagnostic indicator is the identification of dystrophin levels ranging
from 20 to 100% of the normal range. Following a positive muscle biopsy diagnosis

of DMD, genetic testing is necessary [92, 93]

Certain healthcare providers and patients might consider bypassing the muscle
biopsy test and opting for ongoing clinical exploration through genetic testing,
given the biopsy’s invasive and uncomfortable nature. If testing for genes is con-
ducted and fails to identify a mutation in a patient exhibiting clevated serum
CK levels and symptoms indicative of Duchenne muscular dystrophy (DMD), the
subsequent diagnostic evaluation would involve a muscle biopsy. Recent clinical
approaches have also been investigated for diagnosing Duchenne muscular dystro-

phy (DMD). Novel non-invasive techniques for DMD diagnosis have included the
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use of ultrasound and magnetic resonance imaging (MRI) to measure muscle mass

and track alterations over time [94, 95].

2.5.2 Serum Creatine Kinase (CK)

When Duchenne Muscular Dystrophy (DMD) is suspected, a serum creatine kinase
(CK) test is often one of the first diagnostic tools employed [88]. Elevated blood
CK levels, up to 10 times the normal values, can be observed in newborns with a

dystrophin-related disorder.

Measuring serum creatine kinase (CK) levels in a blood sample is a simple and
cost-effective test that can be conducted in the majority of hospitals. Elevated
serum CK levels in Duchenne muscular dystrophy (DMD) are present from birth,
and early detection at this stage facilitates prompt diagnostic intervention, con-
tributing to an enhanced quality of life for patients throughout the course of the

discase [86].

2.5.3 Multiplex Ligation-Dependent Probe Amplification
(MLPA)

At present, Multiplex LLigation- dependent Probe Amplification (MLPA) stands
as one of the extensively employed quantitative techniques for detecting Duchenne

muscular dystrophy (DMD) [96].

MLPA is proficient in genetically screening symptomatic DMD patients, along
with carrier females, utilizing either MLPA or array-MLPA. MLPA concurrently
examines all 79 DMD exons within the dystrophin gene, scrutinizing the gene using
a multiplex polymerase chain reaction event to check for structural changes and
copy number variations. The detected copy number variations serve as indicators

of deletions or duplications, signifying the presence of the disease [97].
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2.5.4 Genetic Diagnostic Testing

The goal of genetic diagnostic testing is to quantitatively analyze dystrophin genes
conclusively, aiming to detect the majority of mutations leading to the Duchenne
muscular dystrophy (DMD) phenotype, encompassing prevalent deletions and du-
plications. It is advisable to prioritize testing for large deletions or duplications ini-
tially, as they are more frequent (constituting 70-80% of cases) compared to point
mutations (comprising 20-30% of cases) [95]. If initial genetic diagnostic testing
yields no results, the subsequent step involves a comprehensive gene sequencing
qualitative approach [98. The choice of a specific standard genetic test depends on
the nature of the genetic condition being investigated. Multiplex PCR involves the
simultaneous amplification and analysis of fragments from the dystrophin gene.
The advantages of utilizing this diagnostic tool include its widespread availability
and cost-cffectiveness. However, it is important to note that this method exclu-
sively identifies deletions, making it suitable only as an initial diagnostic step [90].
Another quantitative diagnostic method will need to be used if the outcome is
negative. Moreover, multiplex PCR may only detect up to ten distinct exons in a
single response, not the entire dystrophin gene.Typically situated in hotspots, the
targeted exons may not offer a comprehensive depiction of the mutation. Despite
this, determining the endpoints of many deletions can provide valuable insights
into the potential phenotype and severity of the disease, as endpoint effects impact

the translational reading frame [99].

2.5.5 Next Generation Sequencing (NGS)

Next generation sequencing (NGS) in Duchenne muscular dystrophy (DMD) refers
to advanced and high-throughput DNA sequencing technologies used to analyze
the genetic material associated with DMD. NGS allows for the rapid and parallel
sequencing of large sections of the genome, providing detailed information about
the sequence and structure of the dystrophin gene, which is implicated in DMD.
NGS allows for a comprehensive analysis of the entire dystrophin gene, including

coding and non-coding regions, offering a more thorough examination compared
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to traditional methods [100]. NGS also enables the diagnosis of the remaining un-
common mutations that may go undetected by the two aforementioned methods,
through more targeted transcript analysis. A study demonstrated that NGS could
effectively diagnose as many as 92% of patients with Duchenne muscular dystro-
phy (DMD) or Becker muscular dystrophy (BMD) [100]. Furthermore, combining
MLPA with next-generation high-throughput DNA sequencing methods can im-
prove the accuracy of the findings [101,102].

2.5.6 Comparative Genomic Hybridization (CGH)

Using an oligonucleotides on array based, Comparative Genomic Hybridization
(CGH) looks for copy number variations throughout the entire dystrophin gene
[103]. It is a molecular genetics technique used to detect chromosomal imbal-
ances or structural variations within an individual’s genome. CGH enables the
comparison of the DNA copy number between two different DNA samples, typ-
ically a test sample (e.g., from a patient) and a reference sample (e.g., from a
healthy individual). To lower the possibility of false positives brought on by sin-
gle nucleotide polymorphisms, several array probes are used. When a diagnosing
physician believes that a mutation may be situated in an unusual location, CGH is
especially helpful. Customized arrays that target the particular region of interest
in the dystrophin gene while maintaining the requisite resolution for conclusive
results can be employed with CGH. The wide-angle view that the CGH diagnostic
method offers makes it possible to examine areas that are usually not examined,
like the intron and the 3’ and 5’ regions. This capability enables CGH to identify
intricately arranged mutations and precisely determine the locations of mutation
breakpoints [104]. CGH is particularly esteemed for its dual capacity to identify
molecular markers for Duchenne muscular dystrophy (DMD) and pinpoint spe-
cific mutations within the gene of DMD. The CGH approach is useful not only for
clinical diagnosis but also for DMD research, as it enables the investigation of non-
coding areas to comprehend the etiopathogenesis of mutations and the diagnostic
implications of such changes. Furthermore, CGH is capable of carrying out the

complex work of defining breakpoints in major rearrangements, which contributes
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to the understanding and correlation of genotype versus phenotype in Duchenne

muscular dystrophy [101].

2.5.7 Fluorescence in Situ Hybridization (FISH)

Large deletions and duplications can be found using fluorescence in situ hybridiza-
tion (FISH), albeit this technique is not commonly used [105]. This molecular ge-
netics method determines whether particular DNA sequences on chromosomes are
present, or absent. Additional genetic methods employed for diagnosing deletions
and duplications in Duchenne muscular dystrophy (DMD) encompass qPCR and
chromosomal microarray analyses (CMA) [106,107]. If a substantial mutation is
not identified, the genetic diagnosis of Duchenne muscular dystrophy (DMD) can
be conducted by screening for point mutations. Direct sequencing and denaturing
high-performance liquid chromatography are commonly used to find tiny point

mutations. [108,109].

2.5.8 Other Testing Technique

If one of the techniques mentioned reveals and recognizes the complete description
of the mutation in dystrophin, it is recommended to forego further testing with
alternative diagnostic methods. Nonetheless, in the event of a negative result in
the test for duplication or deletion, to find any little deletions or point mutations,
the dystrophin gene should be sequenced [98]. A thorough and comprehensive
recognizes the characteristics of the mutation in dystrophin gene is essential, iden-
tifying each and every point mutation and deletion terminus. This enables the
utilization of gathered information to determine how the particular mutation in
the patient will impact the reading frame of the dystrophin protein gene. The
primary factor in ascertaining the patient’s phenotype among the various dys-
trophinopathy variations is the correlation with the reading frame. Additionally,
this genetic comprehension might enable the patient to engage in ongoing trials

for mutation-specific gene therapies [90].



Literature Review 30

2.6 Available Therapies

Pharmacological treatment includes the use of corticosteroid prednisone which is
an antiinflammatory drug that enhanced muscle strength. But this drug is re-
ported to have various side effects and an alternative drug i.e. Deflazacort is used
instead as it has lesser side effects (i.e. weight gain, immunosuppression, and
osteoporosis). An antibiotic Gentamicin has additionally been documented to en-
hance function of muscles as it inhibits premature synthesis of protein present on
N-terminal of binding region of dystroglycan [21].Deletion of exons of the DMD
gene, use of CRISPR/Cas9 system for genome editing are used to restore dys-
trophin production, which results in a functional restoration of muscle strength

[110).

New formulations are being made and translated into oligonucleotides using viral
vectors. Viral vectors such as adeno-associated viruses are also used for the delivery
of gene. But this method poses challenges for treatment of DMD due to very large
size of its gene. Various cell-based methods are also considered for the delivery
of full gene by injecting stem cell, skeletal myoblast injection into muscle tissue.
But success rate is quite low as these cells migrate from the site where they are

injected and their survival rate is also quite low [110].
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Furthermore, small molecule medications are being created to prevent production
of premature stop codons by nonsense mutations which further prevents prema-
ture termination of translation, which restores dystrophin [112,113]. Upregulating
endogenous utrophin holds significant potential for the treatment of DMD with-
out raising any immunogenic issues asit can act as an alternative for dystrophin

deficiency [114].

2.6.1 Pharmacological Treatment

Two corticosteroids, deflazacort (Emflaza) and prednisone, can stop the progres-
sion of some kinds of muscular dystrophy and strengthen muscles. But long-term
use of these medications can thin the bone and cause weight gain, which raises
the risk of fracture. The first medication approved by the Food and Drug Admin-
istration (FDA) for the treatment of some people with Duchenne muscular dys-
trophy (DMD) is eteplirsen (Exondys 51), a more recent drug. Additionally, the
FDA-approved medication golodirsen is used to treat some DMD individuals who
have a particular genetic mutation. Heart medications such as ACE inhibitors
(angiotensin-converting enzyme Inhibitors) or beta blockers are administered if

muscular dystrophy damages the heart [21].
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2.6.2 Gene Delivery via Viral Vectors

Adeno-associated virus (AAV) is one of the viral vector systems currently be-
ing explored as a vital treatment for muscular dystrophy. In the case of micro-
dystrophins, which are partially functional proteins, nearly half of the typical

dystrophin amino acid sequence has been omitted.

Interestingly, the ”Becker-like” dystrophins naturally present in individuals with
Becker muscular dystrophy (BMD) closely resemble the biochemically altered dys-
trophin introduced through gene therapy. Notably, the dystrophins generated by
AAV are noticeably smaller in size than those observed in patients with Becker
muscular dystrophy [116]. A major issue that requires more research is reactions

to the recovered dystrophin or AAV viral proteins [117].

2.6.3 Stop Codon Read Through Therapy

A mutated stop signal, distinct from the usual termination signal found at the end
of a gene, can be detected through readthrough therapy. This treatment aims to
encourage the cell to bypass the stop codon, allowing for the correct interpretation
of genetic instructions and ultimately the production of a functional dystrophin
protein. To achieve a therapeutic impact, readthrough medications often require

multiple administrations.

Ataluren, a small-molecule drug designed for stop codon readthrough, has ex-
hibited variable enhancements in 6-minute walk times [118]. Based on research
findings, it has been observed that 30% of boys with DMD, who possessed a stop
codon, exhibited residual dystrophin in their muscles even without the adminis-
tration of the drug ataluren. However, as of now, there is no evidence indicating
a drug-induced increase in dystrophin levels within the muscles of these patients
[119]. Any therapy based on genome editing therapy must first undergo compre-
hensive characterization to ensure that it only modifies possible off-target locations

when necessary [120].
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2.6.4 Exon Skipping Therapy

In the pursuit of developing treatments for Duchenne muscular dystrophy (DMD),
the focus has been on exon skipping as a therapeutic strategy to restore dystrophin
when faced with an out-of-frame dystrophin mutation. Exon skipping, or the tran-
sition of out-of-frame to in-frame deletions, could be accomplished through exon
deletions during genome editing or by using oligonucleotides or U7 snRNPs that
express an antisense sequence. The process of exon skipping entails the removal
of an additional DMD gene exon adjacent to a patient’s deletion mutation, effec-
tively changing an out-of-frame DMD mutation into an in-frame Becker muscular

dystrophy (BMD) mutation.

This can be accomplished using exon deletions during genome editing, antisense-
expressing oligonucleotides, or U7 snRNPs. In the case of modified U7 snRNP
genes, they have been delivered using AAV vectors. Unlike the typical antisense
region that hybridizes with histone RNA, this modification targets a dystrophin
exon. Here, the intended target is premRNA rather than mRNA, resembling the

exon skipping process achieved with oligonucleotides.

Clinical trials are currently exploring AAV-mediated RNA editing as a potential
treatment for exon 2 duplications. Another approach for achieving exon skipping
involves the use of oligonucleotide medications that bind to pre-mRNA before
splicing. These oligonucleotide techniques have experimented with various drug

chemistries, yielding varying levels of success [121].

Clinical investigations have shown that exon skipping seems to halt the develop-
ment of the disease, and regulatory approval is being considered. Unfortunately,
therapies based on AON-exon skipping temporarily restore dystrophin expression,
necessitating scheduled injections throughout the patient’s lifetime [122]. Reser-
vations about in vivo genetic modification may be allayed by advancements in cell
therapy, especially those that affect cell viability, regeneration, and distribution

[123].
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2.7 Association of Microbiome with Muscular

Dystrophy

The microbiome, a collection of microorganisms residing in the human gastroin-
testinal tract, has been associated with muscular dystrophy. Muscles gradually
deteriorate and weaken as a result of the muscular dystrophy group of genetic
diseases. According to research, changes in the gut microbiota could potentially
contribute to the initiation and advancement of muscular dystrophy. Studies in
muscular dystrophy animal models indicate that changes in the gut flora can ag-
gravate muscle inflammation and injury. Furthermore, scientific investigations
have revealed that the gut microbiome has the potential to influence the func-
tioning of the immune system. When there is dysbiosis or an imbalance in the
gut microbiome, it may contribute to chronic inflammation, a known factor in the

development of muscular dystrophy [62].

2.7.1 Impact of Microbiome on Immune Cells

Muscle cell proliferation and differentiation are significantly impacted by the in-
flammatory response that follows tissue damage, with various regenerative stages

being assisted by its pro-inflammatory or anti-inflammatory stage [16].
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FIGURE 2.8: Immune modulation and gut microbiome in inflammatory diseases
[124]
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Several inflammatory signals from different immunocytes are closely regulated in
how quickly muscle tissue regenerates. A buildup of IL-17A+ T cells causes in-
flammation as muscle starts to deteriorate and expedites tissue recovery [17]. It’s
possible that enhanced neutrophil accumulation after injury mediates a signifi-
cant percentage of the pro-reparative effect of IL-17A+ T cells in muscle. The
first cells to enter injured muscle are neutrophils, which are crucial for eliminating

dead muscle fibers, which is a necessary step in triggering the repair pathway [18].

TABLE 2.2: Possible bacterial metabolites effects on mass of skeletal muscles

health [125,126,127]

MODELS OF HEALTHY OR STANDARD DIETS

MODELS OF GM MODULATION,

DIET, DAMAGE TYPE
REFERENCES

Male GF and PF C57BL/6J male
mice (6-8 wk old)?

Standard chow diet (R36
Lactamin, Stockholm, Sweden):
3.5% cellulose (%weight), 22.9%
protein (%energy), 67.1%
carbohydrate, and 9.6% fat

GF or SPF C57BI/6J male mice
(2mo or 6-7 mo old, respectively)
treated or not with metronidazole
for 4wkss

Standard chow diet

Male C57BL/6 mice treated or
not at 14 wk by treatment with a
broad-spectrum antibiotics
cocktail (@ampicillin,
streptomycin, colistin, and
vancomycin)

For21d

Or for 10d followed by a 11d
natural recolonization (NAT
group)ts

69.2% of cereals, 20.2% of
vegetal proteins, 6.0% of animal
proteins, and 4.6% of mineral
and vitamin cocktail (SAFE A03)

Male Institute of Cancer
Research (ICR) mice
supplemented or not for 6 wk
with L. plantarum TWK10%°

EFFECTS OF GM ON MUSCLE MASS,
PHENOTYPE, AND/OR FUNCTION

OTHER RELATED EFFECTS

Effects of GM depletion:

4 Muscle weight, + locomotion and grip T Serum corticosterone

strength
T FoxO3/pAMPK degradation pathway with:
T Atrogin-1 and MuRF1 atrophic markers

Alteration of metabolism, notably related to
amino acids glycine and alanine, bile acids and
choline in liver and serum

T Transcription of genes inducing BCAA
catabolism, | oxidative capacity, T amino
acids such as glycine and alanine, +
transcription of genes involved in NMJ
function and troponin

At least partly normalized in GF mice transplanted with GM from PF mice, or treated with SCFAs
acetate, propionate, and butyrate

Effect of the antibiotic metronidazole:
In SPF mice

1 Weight of hind limb muscles T Fecal proteobacteria
4 Myofiber surface area in the tibialis anterior
T In the gastrocnemius of factors involved in:

Protein breakdown, that is, FoxO3, Hdac4,
myogenin, MuRF1, atrogin-1

Circadian clock and metabolism, that is,
Cry2, Ror-p, E4BP4, Per2, FOX01, PPARYy,
and adiponectin

In GF mice
4 Weight of hind limb muscles

+ FOX01 and Pdk4, 1 clock gene Bmal1, |
Per2

1 Body weight

Effects of the broad-spectrum antibiotics cocktail:

 Endurance 1 Transporters FFAR3 (Gpr41) and sodium/

1 Extensor digitorum longus (EDL) muscle glucose cotransporter 1 Sgit1 in ileum

fatigue index in an ex vivo contractile test

4 Muscle glycogen levels

Normalized following natural reseeding (NAT group)

Effect of L. plantarum TWK10 (one or both doses):

T Relative muscle weight (%) 1 Body weight and epididymal fat pad
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2.7.2 Role of Microbiome Metabolites in Disease Progres-

sion

Research has demonstrated that the gut microbiome has an impact on the gener-
ation of short-chain fatty acids (SCFAs), which metabolites are known to support
muscle growth and recovery. When there is an imbalance in the gut microbiome, it
can result in reduced SCFA production. This reduction in SCFAs may potentially
play a role in the muscle wasting observed in individuals affected by muscular

dystrophy [61].

2.8 Factors Affecting Gut Microbial Composi-

tion and Function

2.8.1 Diets

Nonetheless, a prior study proposed that genetics of the host may play a secondary
role in influencing makeup of the microbiome, possibly due to challenges in stan-
dardizing conditions across individuals. In contrast, a recent study has demon-
strated that environmental factors exet a more significant influence than host ge-
netics in determining the gut microbiome composition in hosts [128]. Within envi-
ronmental factors, dietary elements, which exert a strong influence on microbiota
composition, can swiftly and consistently modify the structure of gut microbial
communities [129]. Furthermore, dietary interventions have the potential to en-
hance pig performance and pork quality by influencing the diversity and makeup
of the microbiome [130,131]. Significantly, the quantity of dictary fat has been
consistently identified as a factor influencing the composition of gut microbiota.
An extensive meta-analysis of sequencing-based research including people and an-
imals, for example, revealed that a high-fat diet (HFD) affects microbial diversity

and consistently alters the structure of gut microbial communities. This includes



Literature Review 37

an observed increase in the Firmicutes/Bacteroidetes ratio, which showed a signif-
icant correlation with the fat content [132]. This could explain the observed phe-
nomenon of pigs developing obesity following a diet heavy in fat consumption[133].
Additionally, Kong et al. proposed that consuming a high-fat diet (HFD) has been
shown to reduce the prevalence of opportunistic pathogens like Bacteroides, Al-
istipes, and Anaerotruncus while simultaneously increasing the levels of several
beneficial bacteria like Lactobacillus, Prevotella, Alloprevotella, and Clostridium
sensu stricto. [134]. Hence, in the formulation of pig feed, it is crucial to add fat
judiciously to preserve the equilibrium of gut microbiota. Furthermore, aside from
the quantity of dietary fat, the use of distinct types of dietary fat can variably
alter both the makeup and roles of the gut microbiota [135,136]. The antibacterial
capabilities of SCFAs and MUFAs are now recognized. Consuming a diet rich
in these lipids, for instance, can lower the risk of gastrointestinal infections by
preventing the growth of common causative organisms like Salmonella and E. coli
[137, 138]. Furthermore, in the diet of mammals, there exist three primary types of
fats categorized by saturation: saturated fatty acids (SFA), and polyunsaturated
fatty acids (PUFA) and monounsaturated fatty acids (MUFA). These fats have
the potential to influence the composition of pig gut microbiota. As an example,
pigs that were given palm oil exhibited notable alterations in the structure of the
bacterial community, causing Proteobacteria to become more abundant and Firmi-
cutes to become less abundant. [136]. Furthermore, Prevotella was more prevalent
in pigs fed oleic acid [139]. Additionally, a diet high in flaxseed oil may improve
the gut immunity and health of pigs during intrauterine growth retardation; this
is because the gut microbiota and mucosal fatty acid profile of the animals have
changed. When taken as a whole, dietary fat types and gut microbiota structure
are tightly associated, providing new awareness into the appropriate use of fat in

diet [140].

Moreover, recently, dietary fiber has garnered growing interest among researchers
due to its crucial role in influencing microbiome of gut. Dietary cellulose, constitut-
ing a feed component resistant to efficient digestion by digestive enzymes that are
monogastric, stands as the gut microbiota’s main source of fuel. This suggests that

consuming an appropriate quantity of dietary fiber could potentially increase the
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quantity of a certain microbiome [141]. In addition to encouraging the growth of
certain taxa of bacteria that break down fiber, including SCFA and the microbiota,
increasing fiber to a diet also helps complete pigs. Furthermore, they discovered
that increasing the amount of fiber in the diet raises the pig gut microbiota’s a-
and S-diversity indices [130]. Crucially, in the gastrointestinal tract, dietary fiber
decreases the amount of pathogenic bacteria while simultaneously raising the per-
centage of good bacteria. [142,143,144]. This could contribute to enhancing both
gastrointestinal health and the excellence of meat in pigs [145,146]. However,
various studies have explored how dietary fiber from different sources can yield
distinct impacts on the variety and composition of microbes. For instance, a pre-
vious investigation indicated that xylan promotes the growth of Bifidobacterium,
while glucan has an adverse impact on it in the ileum and cecum of pigs [147].
Additionally, compared to wheat bran, alfalfa diets increased the proportion of
Bacteroidetes and Firmicutes in weaned pigs [148]. Although the aforementioned
studies show that there is a significant relationship between gut microbiota and
diet fiber, more research is necessary to determine the precise mechanism by which

dietary fiber influences the gut microbiota of pigs [147].

2.8.2 Host Genetics

The gut microbiota’s composition is significantly influenced by host genetics [41].
Increasing evidence indicates the heritability of certain bacterial taxa in both hu-
mans and pigs [41, 149, 150, 151, 152, 153]. Previous studies in pigs have suggested
that there are discernible differences in the difference in the intestinal microbiota
of lean and obese pigs [133, 154, 155]. Using high-throughput pyrosequencing,
it has been established that the core microbiomes of lean Yorkshire pigs and fat
Rongchang pigs differ [154]. Furthermore, the first four genera of Landrace pigs
arc slender, whereas those of Jinhua pigs arc obese [133]. A recent investigation
has proposed that Shaziling pigs with obesity exhibit increased a-diversity and
elevated levels of beneficial bacteria, such as notably, over an extended period
of time, the gut microbial compositions of varied purebred pigs were randomly

placed together and showed increased similarity while maintaining breed-specific
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proportions. [156]. This suggests that differences in gut microbiota are causally
influenced by host genetics. Akkermansia, and SMB53, spread across 17 areas
of the pig genome [157]. Reverter et al. recently pinpointed single nucleotide
polymorphisms (SNPs) exhibiting a pleiotropic effect linked to the quantity of
butyrate-producing bacteria (Faecalibacterium, Butyrococcus, and Coprococcus).
Furthermore, using heritability estimations, a study conducted on two herds of
pigs reared in identical farm settings and fed the same diet discovered 37 potential
genes linked to the gut microbiota in addition to tens of heritable bacterial taxa.
Remarkably, 13 of these 37 potential genes have been linked to metabolism, in-
cluding levels of insulin and blood glucose as well as obesity [153]. These findings
support the importance of host genetics in maintaining control over the micro-
biota’s makeup. To gain a deeper comprehension of the intricate relationships
between gut microbiota taxa and host genotype as well as to find markers of ge-
netic and potential genes that can be incorporated into pig breeding programs to
alter the composition of microbes and ultimately improve host performance, more

research in this area is microbiota of pigs [158].

2.8.3 Antibiotic

Antibiotics are used in intensive swine husbandry systems frequently incorporated
into pig feed or water to combat infections affecting the respiratory system and
gastrointestinal tract, while also fostering the growth and development of pigs.
Moreover, the selection of specific antibiotics is often linked to particular diseases,
age groups, or farm management practices. For example, in many animal species,
penicillins were frequently used for the prevention and treatment of septicemia,
respiratory infections, and urinary tract infections. Actinobacillus pleuropneumo-
nia and Pasteurella multocida-induced respiratory illnesses were commonly treated
with tetracyclines. Colistin found its primary application in addressing gastroin-
testinal issues in piglets and weaners, whereas tylosin was predominantly utilized
for fatteners and sows [159]. Antimicrobial resistance (AMR), which is present in

the food chain and can spread to consumers, is facilitated by the widespread use
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of antibiotics in food animals [160]. Therefore, in order to support effective an-
tibiotic usage, a thorough understanding of the existing use pattern of antibiotics
in cattle is important. This might slow the spread of AMR in animal husbandry.
Furthermore, there has been a renewed focus on the correlation between antibiotic
exposure and host physiology, recognizing the pivotal function of microbiome of
gut in the modern understanding of host physiology. A study indicated that the
administration of antibiotics impacts the growth performance of pigs, myofiber
composition, and lipid metabolism. Changes in the gut microbiota may be linked
to these consequences [161]. Nevertheless, the prolonged utilization of subther-
apeutic doses of antibiotics has the potential to elevate the levels of pathogenic
microorganisms, disrupting normal intestinal function. This can result in ad-
verse effects on the proportionate bacterial population, hence causing illnesses

[162,163,164].

Specifically, intestinal infections may arise and postweaning diarrhea may ensue
as a result of extended antibiotic use. This is attributed to a decrease in bacte-
rial diversity and the provocation of gut inflammation [165]. Research conducted
on piglets revealed that supplementing subtherapeutic antibiotics from postnatal
day 7 to 42 resulted in noticeable changes to the small and large intestines’ mi-
crobial makeup. These included a decrease in the bacteria Clostridium, Bacillus,
and Sharpea in the stomach, duodenum, and jejunum digesta as well as a little
decrease in Prevotella in the colon. These modifications had an impact on the
metabolic phenotype [166,167]. This has been shown that some antibiotics, such
as penicillin, tylosin, sulfamethazine, and chlortetracycline, significantly change
the makeup of the gut microbiome in developing pigs and upset the equilibrium
[168,169,170]. Nonetheless, swine agriculture is home to an increasing number
of antibiotic-resistant bacteria [171]. The imbalance in the microbiota can im-
pact the host’s utilization and uptake of nutrients, as well as influence lifelong
metabolic phenotype and diseases, including obese person [172,173,174,175]. Ow-
ing to growing safety concerns associated with antibiotics, several countries have
imposed restrictions on their use in animal feed. Therefore, comprehending the
long-term effects and the precise mode of action of antibiotics becomes crucial for

developing effective alternatives in pig farming [176].
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2.8.4 Prebiotics and Probiotics

Prebiotics are indigestible compounds that specifically promote the development
and function of good bacteria and other microorganisms in the digestive system.
They essentially serve as food for these beneficial microbes, promoting their pro-
liferation. The fermentation of prebiotics by these microbes produces short-chain
fatty acids, which contribute to a healthier intestinal environment. Common exam-
ples of prebiotics include inulin, fructooligosaccharides (FOS), and galactooligosac-
charides (GOS) [177]. On the other hand, probiotics are live microorganisms (usu-
ally bacteria or yeast) that, when administered in adequate amounts, confer health
benefits to the host. Probiotics work by enhancing the balance of the intestinal
microbiota, preventing the colonization of harmful bacteria and supporting the
immune system. Lactic acid bacteria (e.g., Lactobacillus, Bifidobacterium) and

certain yeast strains are often used as probiotics in animal feed [178].

Probiotics and prebiotics contribute to the balance and diversity of the gut mi-
crobiota. A diverse and well-balanced microbiota is associated with several health
benefits, including improved nutrient absorption, enhanced resistance to infections,

and the prevention of inflammatory conditions [179].

Both prebiotics and probiotics contribute to the overall health of the gastrointesti-
nal tract in animals. This has several implications for production performance,
as a healthy gut microbiota is linked to improved nutrient absorption, better re-
sistance to pathogens, and enhanced overall well-being. Consequently, animals
supplemented with prebiotics and probiotics often exhibit improved growth rates,
feed efficiency, and disease resistance [180] .It important to note that the effec-
tiveness of prebiotics and probiotics can vary depending on factors such as the
species of the animal, the specific strains used, and the overall management prac-
tices. Additionally, ongoing research is continually refining our understanding of
the interactions between these additives and the host’s physiology. Furthermore,
prebiotics have the capacity to regulate lipid metabolism, leading to an increased

intramuscular fat (IMF) level in finishing pigs [181].
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2.9 Gap Analysis

There is scarcity of human studies specifically focusing on the gut microbiome
individual with muscular dystrophy. Most existing research has been conducted
in animal models. Closing the gap with comprehensive human studies is essential
for understanding the revalance of gut microbiome to muscular dystrophy and

human health.

2.10 Research Questions

1. What type of gut microbiome are present associated with muscular dystro-

phy?

2. What is the functional implications of gut microbiome in muscular dystrophy

in normal patients?
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Material and Methods

3.1 Chemicals

PBS buffer(sigma), MRS media (Biolab), agarose (Bioworld), glycerol (Merck),
crystal violet (Sigma), kovac’s reagent (AnalaR), hydrogen peroxide (paradise
pharma) Alphanapthol (Sigma), MR - VP broth (Alpha biosciences), ethanol

(AnalaR), Safranin solution (Sigma), Gram lodine (Scharlau).

3.2 Apparatus

Petri plate, beaker, conical flask, wire loop, spirit lap, micropipette, cotton swab,
measuring cylinder, spatula, microscopic slides, dropper, falcon tube, eppendorf

and reagent bottles.

3.3 Equipment

Laminar flow hood, incubator, weighing balance, autoclave, vortex, microwave,
water bath and pH meter.
43
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3.3.1 Ethical Clearance

Ethical clearance was received from ethical committee of “Department of bioin-

formatics and Biosciences” (Appendix 1).

3.3.2 Questionnaire Design

Based on the literature reviewed questionnaire was designed (Appendix 2).

3.3.2.1 Inclusion Criteria

All participants with below mentioned characteristics were included,

e Individuals with good general health status
e No infection or recurrent infection since last three months

e Not used any antibiotics, antifungals, recreational and other drugs during

last three months

3.3.2.2 Exclusion Criteria

Participants were excluded if there were was any evidence of below mentioned
disorders,

e Diabetes complications

e Metabolic disorders (blood pressure)

e Individuals with any aliment (cancer, genetic disorder and other disease)
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3.3.2.3 Statistical Analysis

For presenting percentage the types of muscular dystrophy and for diagnosis level
graph were drawn using excel version Based on the inclusion and exclusion criteria
SF filled were analyzed to find the possible association of diet, type of muscular

dystrophy and symptoms using SPSS and Regression model was applied.

3.4 Sample Selection

Based on the above mentioned exclusion and inclusion criteria questionnaire were

filled from 60 healthy people and 60 muscular dystrophy with informed consent.

Exclusion and inclusion criteria was followed for the collection of stool samples.
They were also analyzed for their integrity and appearance visually to check if

they were fresh or not.

3.5 Sample Collection

The muscular dystrophy patient were approached with the collaboration of Mus-
cular Dystrophy Organization of Pakistan. Informed consent was obtained from

the individuals who agreed to donate the samples.

As part of their consent, donors agreed to the unspecified research on their stool
samples that may be helpful for the scientific community and taken before the
breakfast. The collected samples were anonymized and assigned and identity prior
to analyses. Samples were collected in sterile plastic containers kept in ice and
brought to the lab within 24 hours of collection for further processing. Stool

samples did not contain urine or water.
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3.6 Metagenomics

Two samples, one of muscular dystrophy patient and other for healthy individuals
was sent for Metagenomics analysis. For this purpose 3-4ml PBS was added in
eppendrof tubes and 1.5 grams stool sample was added into it and homogenized

using vortex.

3.6.1 16S Ribosomal RNA (rRNA)

The 16S ribosomal RNA (rRNA) sequence consists of nine hypervariable regions
that are alternated with conserved regions. These nine hypervariable regions (V1-
V9) are located inside the bacterial 16S gene and range in length from roughly
30 to 100 base pairs. These regions play a role in shaping the tiny ribosomal
subunit’s secondary structure. To achieve taxonomic classification, sequencing
specific hypervariable regions alone is adequate, eliminating the need to sequence

the entire gene [182].

3.6.2 DNA Extraction

300 pl of samples are collected. These samples are homogenized in 500 ul of lysis
solution. The homogenized samples are then incubated for 20-30 minutes at 60°C.
This step helps in breaking down cell membranes and releasing DNA. After the
initial incubation, 20 pl of 20% SDS (Sodium Dodecyl Sulphate) is added. SDS
helps to break down cell membranes and denature proteins. Additionally, 25 ul of
proteinase K is added. An enzyme called proteinase K breaks down proteins, in-
cluding nucleases that could damage DNA. This step is crucial for protein removal
and DNA protection. The samples arc incubated at 56°C overnight. This ex-
tended incubation period allows for thorough digestion of proteins and complete
lysis of cells, releasing DNA into the solution. 500 pl of PCI solution (phenol:
chloroform: isoamyl alcohol) is added to the samples. The mixture is then cen-

trifuged at 13000 rpm for 10 minutes [183]. The purpose of this step is to separate
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the DNA-containing aqueous phase from proteins, cell debris, and other contami-
nants, which remain in the organic phase. The aqueous phase obtained from the
PCI treatment is transferred to a new tube. After that, 500 ul of chloroform and
isoamyl alcohol (C:I, 24:1) are added, and it is centrifuged once more for ten min-
utes at 13000 rpm. This step further purifies the DNA by removing any remaining
contaminants. The aqueous layer obtained from the C:I treatment is transferred
to a new tube. To precipitate the DNA, add 500 ul of cold isopropanol and 55 ul
of sodium acetate. The samples are incubated at -20°C for 60 minutes. This step
allows the DNA to precipitate out of the solution. The samples are centrifuged
for 10 minutes at 13,000 rpm after incubation. The supernatant (liquid above the
pellet) is discarded, leaving behind the DNA pellet. After treating the DNA pellet
with 500 pl of 70% ethanol, it is centrifuged for 10 minutes at 7500 rpm.This step
is crucial for washing away any remaining impurities. To get rid of any leftover
ethanol, the DNA pellet is air-dried following the ethanol wash. The DNA pellet
is then re-suspended in TE buffer (Tris-EDTA), providing a stable environment
for the DNA. The re-suspended DNA is stored at 4°C until further use [184].

3.6.3 Agarose Gel Electrophoresis

One gram of agarose was dissolved in one hundred milliliters of 1X TAE buffer (Tris
Acetic acid EDTA) for the purpose of gel electrophoresis. TAE buffer provides the
necessary ions for the electrophoresis process. The solution is heated to create a
clear agarose gel solution.7 ul of Fluorescent dye Ethidium Bromide bonds to DNA
and enables visibility when exposed to UV light., is added to the gel solution. The
gel solution is poured into a gel casting tray with inserted combs. Combs create
wells for loading DNA samples.After solidification, the gel caster (containing the
solidified gel with wells) is transferred to a gel tank filled with 1X TAE buffer.
Combs are carefully removed from the solidified gel in the gel caster. 7 ul of
extracted DNA is mixed with 3 ul of 6X bromophenol blue dye (loading dye), which
helps in tracking the progress of the electrophoresis.The DNA-loading dye mixture
is loaded into the wells of the gel. The gel is subjected to electrophoresis under

specific parameters: 500 mA of current, 75 volts for 60 minutes. These conditions
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facilitate the migration of DNA fragments through the gel matrix based on their
size. After electrophoresis, the gel is visualized under a UV Trans-Illuminator. The
UV light activates the Ethidium Bromide, causing the DNA bands to fluoresce
[185]. A Bio Doc Analyzer is used for capturing an image of the gel. The gel
picture is used to compare the migration pattern of the sample DNA bands with
a 1-kilobase (KB) DNA ladder. The ladder serves as a molecular weight marker,

allowing estimation of the sizes of the sample DNA fragments [186].

1KB SFM SFM SF SF
Ladder - a a

'S

-

-

FI1GURE 3.2: Gel electrophoresis image

The initial well of the gel received a 1-kilobase (KB) ladder, while the subsequent
wells were filled with DNA samples characterized by their robust integrity and sizes
exceeding 20 kilobases. Both the samples were extracted in duplicate, Sample with

best QC proceeded further for sequencing.

3.7 DNA Quantification

The quantity of DNA was assessed using the Thermo Scientific Multi Skan Go
Instrument, where the quality was indicated by the 260/280 ratio, and the con-

centration was expressed in ng/pul.

TABLE 3.1: Sample Concentration

Sr. Sample ID Nucleic Acid Nucleic Acid Conc.
No 260/280 in (ng/pl)
1 SFM 1.82 790
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TABLE 3.1: Sample Concentration

Sr. Sample ID Nucleic Acid Nucleic Acid Conc.
No 260,280 in (ng/;l)

2 SFMa 1.76 550

3 SF 1.81 610

4 SFa 1.74 575




Chapter 4

Results

4.1 Sample Collection

Sample collection were carried out during the month of august. After the ethical

clearance stool samples was collected from the city of Islamabad.

Questionnaire were filled from 60 healthy and 60 muscular dystrophy patient with
informed consent. One stool sample from healthy individual and one sample from

muscular dystrophy patient was taken for Metagenomic analysis.

4.2 Questionnaire Analysis

4.2.1 Prevalence/Types of Muscular Dystrophy

A total of 60 muscular dystrophy patients participated in this study.
51



Results 52

@ Duchenne Muscular Dystrophy
@ Myotonic Muscular Dystrophy

@ Limbic girdle Muscular Dystrophy
@ Congenital Muscular Dystrophy
@ Distal Muscular Dystrophy

@ Becker Muscular Dystrophy

@ Polymyostis

@® Myopathy

F1GURE 4.1: A pie chart showing prevalence of different types of Muscular
Dystrophies

According to the data that was collected it can be concluded that limbic girdle
is the most prevalent kind of Muscular Dystrophy among the individuals that
participated in this study. The prevalence of Limbic Girdle muscular dystrophy
is 34%, Duchenne muscular dystrophy is 28.3%, Myotonic muscular dystrophy is
15%, and prevalence of Congenital and Becker muscular dystrophy is 9.4%. The
differences of prevalence can be seen as compared to those mentioned in literature

review due multiple factors such as ethnicity, origin, diet and lifestyle [18].

120%

100% %% 95%
87%
80%
66%
61% S
60%
39%
40%
20% 13%
4% l 5%
0% | |
) Undiagnos = Antibiotics = Antibiotics Medication Medication Recreation | Recreation Experiment
Diagnosed al Drugs al Drugs
ed used not used s used s not used al group
used not used
B percentages 96% 4% 13% 87% 39% 61% 5% 95% 66%

FIGURE 4.2: A Bar Graph showing Questionnaire Analysis of Experimental
Group

The prevalence of diagnosed muscular dystrophy patients was 96% and that of
undiagnosed patients were 4% in total sample size of 60 individuals. Among the

diseased individuals who participated in the study 87% had not used antibiotics
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and 13% had used antibiotics ,39% had not used medications and 61% had used
medications, 5% has used and 95% had not used the recreational drugs during
the previous three months. The individuals shortlisted as experimental group
for the collection of stool samples were those who had not used any antibiotics,
medications, recreational drugs and were diagnosed with the disease and their

prevalence was found to be 66% in total sample size of 60 individuals.

4.2.2 Association of Diet and Muscular Dystrophy

TABLE 4.1: ANOVA Test

ANOVA

df SS MS F Significance F
Regression 2 56.84829  28.42415 523.0814 2.12E-37
Residual 58 3.151709 0.05434
Total 60 60

TABLE 4.2: Regression model show the association of diet and muscular dys-
trophy

Coefficients  Standard t Stat P-value Lower Upper Lower Upper

Error 95% 95% 95.0% 95.0%
Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A
Diease 0.240385 0.036142 6.651112 1.13E-08  0.168039 0.312731 0.168039 0.312731
Patients
Normal 0.393162 0.062831 6.257435 5.11E-08 0.267392 0.518933 0.267392 0.518933
Subjects

The regression analysis reveals a strong overall fit for the model, as indicated by
a multiple R of 0.9734 and an R-square value of 0.9475, suggesting that approxi-
mately 94.75% of the variability in the dependent variable can be explained by the
independent variables. The ANOVA results further support the significance of the
model, with a highly significant F-statistic of 523.08 (p < 0.001). The coefficients
for the predictors, Disease Patients, and Normal Subjects, also show significant
relationships with the dependent variable. The coefficient for Disease Patients

is 0.2404 (p < 0.001), indicating a positive relationship, while the coefficient for
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Normal Subjects is 0.3932 (p < 0.001), suggesting a stronger positive associa-
tion. However, without intercept values, the interpretation of these coefficients is

limited.

Upon analyzing the residuals, it’s evident that the predicted values closely match
the observed values, with small variations indicated by the residuals. However,
some residuals have notably larger values, particularly in observations 1, 4, 16,
18, 36, and 50, suggesting potential outliers or anomalies in the data. Further
investigation into these specific cases may be warranted to ensure the robustness

of the model.

The regression analysis suggests that both Disease Patients and Normal Subjects

have a significant impact on the dependent variable.

4.2.3 Association of Diet, Symptoms and Type of Muscu-
lar Dystrophy

TABLE 4.3: ANOVA Test

ANOVA

af SS MS F Significance F
Regression 2 56.57146 28.28573 478.5052 2.34544E-36
Residual 58 3.428536 0.059113
Total 60 60

TABLE 4.4: Regression model show the association of diet symptoms and types
of muscular dystrophy

Coefficients  Standard t Stat P-value Lower Upper Lower Upper

Error 95% 95% 95.0% 95.0%
Intercept 0 #N/A  #N/A  #N/A #N/A  #N/A  #N/A  #N/A
symptoms 0.347179 0.023354 14.86621 1.92E-21 0.300431620.393926 0.300432 0.393926
Types of  0.078539 0.014036 5.59562  6.26E-07 0.050443608.106635 0.050444 0.106635

Disease

The coefficient for Symptoms was found to be 0.347 (t = 14.866, p < 0.001),

suggesting that, while controlling for Types of Disease, a one-unit increase in



Results 55

Symptoms is associated with a 0.347 unit increase in diet. The 95% confidence

interval for this coefficient ranges from 0.300 to 0.394.

In this case, a higher t-value (14.866) indicates a more significant relationship.
The p-value (< 0.001) suggests that the relationship between Symptoms and diet
is statistically significant. In other words, it’s unlikely to be due to random chance.
The interpretation ”while controlling for Types of Disease” means that the analysis
considered the potential influence of Types of Disease, and the reported effect is
specifically related to Symptoms and diet after adjusting for Types of Disease. A
one-unit increase in Symptoms is associated with a 0.347 unit increase in diet.”
This implies that as the level of Symptoms increases by one unit, we can expect
diet to increase by 0.347 units, assuming all other factors (Types of Disease)
are held constant. The interpretation indicates a statistically significant positive
association between Symptoms and diet, after accounting for the influence of Types
of Disease, and provides a range of values for the estimated effect with a high level

of confidence.

The coefficient for Types of Disease was 0.079 (t = 5.596, p < 0.001), indicating
that, holding Symptoms constant, a one-unit increase in Types of Disease is as-
sociated with a 0.079 unit increase in diet. The 95% confidence interval for this

coefficient ranges from 0.050 to 0.107.

This represents the estimated change in the dependent variable (diet) for a one-
unit increase in the independent variable (Types of Disease), while holding the
variable "Symptoms’ constant. The coefficient estimate’s distance from zero stan-
dard deviations is expressed as the t-value. In this case, a higher t-value (5.596)

indicates a statistically significant relationship.

The p-value (< 0.001) suggests that the relationship between Types of Disease and
diet is highly significant, meaning it’s unlikely to be due to random chance. A one-
unit increase in Types of Disease is associated with a 0.079 unit increase in diet.”
This implies that, with Symptoms held constant, an increase of one unit in Types
of Disease is associated with an increase of 0.079 units in diet. The interpretation

indicates a statistically significant positive association between Types of Disease
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and diet, after adjusting for the influence of Symptoms, and provides a range of

values for the estimated effect with a high level of confidence.

The present study employed multiple regression analysis to examine the relation-
ship between the dependent variable, diet, and two independent variables, namely
Symptoms and Types of Disease. The results of the analysis are summarized below.
The interpretation indicates that the overall model is highly statistically signifi-
cant, meaning that the combined influence of the independent variables explains a
significant amount of the variation in diet. The high R? value further emphasizes
the model’s ability to account for a substantial portion of the variability in diet

based on the chosen predictors.

4.3 Metagenomics

To characterize the microbiome with and without muscular dystrophy, 16S rRNA
gene sequencing was used to investigate 2 fecal samples from healthy and muscular
dystrophy people. SFM represents the control samples and SF was the muscular
dystrophy sample.

4.4 Taxonomic Bar Plots

4.4.1 Class Bar Plots

The most prevalent class in SFM was, Bacteroidia (47%), Clostridia (37%) fol-
lowed by Negativicutes (4%), Coriobacteriia (0.5%), whacreas in SF the Bac-
teroidia (32%), clostridia (33%), Negativicutes (6%) Coriobacteria (2%).The dif-
ference in variation at class level in SEM was Alphaproteobacteria (0.5%), Elusimi-
crobia (1%), Spirochaetia (1%) whereas in SF was Actinobacteria (7-8%), Syner-

gistia and Verrucomicrobiae (figure 4.3).
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FIGURE 4.3: Taxonomic Class Taxa Bar Plot showing Classes of bacteria in
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In order level the abundant phyla in SFM was, Bacteroidales (53%), Oscillospi-
rales (20%), Lachnospirales (15%) where as in SF was Bacteriodales (40%), Oscil-

lospirales (6-7%), Lachnospirales (12%) while Burkholderdales was least abundant
1.5% in SFM and 0.5% in SF.

The difference in variation at order level in SFM was Aeromonadales (1%), Elusimi-

crobiales (2%), Spirochaetales (1.5%) whereas in SF Bifidoacteriales (%), Erysipe-

lotrichales (1%) and Peptostretococccales- Tissierellales (2%) (figure 4.4).
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FIGURE 4.4: Taxonomic Order Taxa Bar Plot showing the orders of bacteria
in SFM and SF and their abundance

4.4.3 Genus Bar Plots

In figure 4.5 the difference in variation at genus level was also observed. The
healthy and disease person. Metagenomic analysis revealed only three genus were
common between these two samples Allopreveteolla. (SFM 6%, SF 2%), Faecalibac-
terium (SFM 10%, SF 3%) and Preveotella (SEFM 48%, SF 58%). The genus that
were different in SEM Elusimicrobium (2%), Lachnospiraceae-NK/A136-group (1%),
Megasphaera (2%), Roseburia (4%), Treponema (1%), UCG-002 (1%) and uncul-
tured (2%).whereas in SE [Eubacterium/-Coprostanoligenes-group (2%), Agath-
obacter (3%), Bifidobacterium (12.5%), Coprococcus (2%), Dialister (3%), Lacto-
bacillus (4%) and Mitsuokella (5%) in figure 4.5.
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FIGURE 4.5: Taxonomic Order Taxa Bar Plot showing the Genus of bacteria
in SFM and SF and their abundance

4.4.4 Species Taxa Bar Plot

The difference in variation at species level was also observed. The healthy and
disease person Metagenomic analysis revealed only three species were common be-
tween these two samples uncultured —Alloprevotella (SEM 26%, SF 13%), uncultured-
Bacterium (SFM 7%, SF 11%) and Prevotella- copri (SFM 8%, SF 15%). The
species that were different between SFM and SF was Prevotellaceae- Bacterium
(26%), Treponema- Succinifaciens (5%) in SFM, whereas in SF was Bacteroides-
Xylanisolvens (10%), Dorea- Longicatena (4%), Lactobacillus- Ruminis (14%),
Mitsuokella-jalaludinii (6%), Mitsuokella- multacida (8%). The meatagenome of
healthy person also reveal the presence of Trichuris- trichiura (whipworm) a par-

asite that reside in the large intestine, appendix, and cecum of host (Figure 4.6).
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FIGURE 4.6: Taxonomic Order Taxa Bar Plot showing the species of bacteria
in SFM and SF and their abundance

4.5 Heat Map

4.5.1 Order (heat map)

Heat map is the graphical representation of the data for better visualization and
understanding of the events with in the dataset. Red color indicates high expres-
sion in that region whereas blue color referred to low expression. As shown in
the order level heatmap SFM (control sample) the expression of Lachnospirates,
Oscillospirales, Veillonellales- Selenomonadles, Erysipelotrichales and Coriobac-
teriales were low whereas the highly expressed orders for Peptostreptococcales-
Tissierellales, bacteroidales and Lactobacillales was observed. Whereas the ex-
pression order for Lachnospirates, Oscillospirales, Veillonellales- Selenomonadles,
Erysipelotrichales and coriobacteriales were highly expressed in SF and orders
for Peptostreptococcales- Tissierellales, Bacteroidales and Lactobacillales was ob-

served low (figure 4.7).



Results 61

[ [ samples 06 Samples
' SF-LFM4671
o__Peptostreptococcales-Tissierellales | 04 SEM-LEJ8237
02
o__Bacteroidales
0
0__Lactobacillales 0.2
-0.4
o0__ Coriobacteriales
—on -06

o__Erysipelotrichales

0__Veillonellales-Selenomonadales

o__Oscillospirales

0__Lachnospirales

w w
L Fi
. o
ul =
[ 2 b
=] L]
M -~
w S
-J

FIGURE 4.7: Heat map of order of Samples SFM (controlled) and SF (diseased)

4.5.2 Species (heat map)

As shown in the figure 4.8 in the heartmap the expression of species in SFM for s-
Lactobacillus-ruminins, s-Coprococuss-comes, s-Fubacterium-rectale, s-uncultured-
Alloprevotella and s-uncultured-organism are highly expressed and these species

are low expressed in SF.

Whereas the species in SFM for s - Bacteroides, s- Mitosukella - jalaludinni,
s - Mitosukella-multacida, s-uncultured —Wautersiella, s - Prevotella-Copri, s-
metagenome, s-Roseburia - inlinivorans, s - Butyrvibrion-crossotus and s-Prevotella

- stercocrea were low expreesed and these species are highly expressed in SF.
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4.6 Krona Plots
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TABLE 4.5: Detailed comparison of SFM and SF gut microbiome based on

krona plot

Species name

SFM (%) SF (%)

s-Prevotella-bacterium
s-uncultured-Alloprevotella

g-Muribaculaceae

g-Faecalibacterium

Uncultured-bacterium
FEubacterium-coprostanoligenes-group

g-Lachnospiraceae-NK4136-group

Blautia

s-Butyrivibrio-crossotus

g-Clostridium-senso-stricto-1

g-Megasphaera

s-Bacteoides-zylanisolvens

g-Mitsuokella
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TABLE 4.5: Detailed comparison of SFM and SF gut microbiome based on
krona plot

Species name SFM (%) SF (%)

c-Bacili

g-Sutterella

s-uncultured bacterium
s-treponema-sucinifaciens
p-Actinobacteriota
Prevotellaceae-bacterium
s-Prevotella-copri

s-uncultured bacterium

— = W Ut = NN =

s-Prevotella sterocorea

w
D
w
i~

g-prevotella
g-Bifidobacterium
g-Collinsella
Agathobacter

Roseburia
Gut-metagenome
Oscillospiraceae
Romboustia
s-Mitosuokella-multacida

s-Mitosuokella jalaludinii

=N NN NN W N O

s-lactobacillius-ruminis

4.7 Alpha Diversity

Shannon index is a measure of diversity within a colony of microbes. Both the
evenness (distribution of abundances) and richness (number of distinct species) of
the species present are considered by the index. If the Shannon index is close to

0, it suggests low diversity.

This could mean that one or a few species dominate the community, and there is

limited variability in species abundances. A Shannon index value of SFM 9.241996
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and in SF 9.142553714 suggests that the gut microbiome in the analyzed stool sam-
ple is diverse. There are likely many different species present, and the abundances

of these species are relatively evenly distributed.

Higher diversity in the gut microbiome is often associated with a healthier state.
A diverse microbial community is thought to contribute to various functions, in-

cluding metabolic processes, immune system regulation, and overall gut health.

The diversity of the gut microbiome can be influenced by factors such as diet,
lifestyle, and other environmental exposures. Certain diets, high in fiber and a

variety of nutrients, are often associated with increased microbial diversity.

A Simpson diversity index value of SFM was 0.999802and in SF 0.999778094 in
a metagenomic analysis of a stool sample indicates a very low level of diversity
within the microbial community. The Simpson index quantifies the probability
that two individuals randomly selected from the community belong to the same

species.

A Simpson index value close to 1 suggests low diversity, meaning that one or a
few species dominate the microbial community, and there is limited variability in

species abundances.

In this context, a Simpson index aof 0.999778094 means that there is a very high
probability (almost 100%) that two randomly selected individuals from the micro-
bial community will belong to the same species. This indicates a highly uneven

distribution of species, with one or a few species dominating the community.

An inverse Simpson index value of 4506.421184 in stool Metagenomics indicates a
very high level of diversity within the microbial community. The inverse Simpson
index is the reciprocal of the Simpson index, and both indices are commonly used

to quantify diversity in ecological and metagenomic studies.
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FIGURE 4.9: Shows the alpha diversity in SF (a) and SFM (b)

A high inverse Simpson index suggests a diverse microbial community with many
different species, and the abundances of those species are relatively evenly dis-
tributed. In other words, there is a rich variety of microbial taxa in the stool

sample.

The high value indicates that no single species dominates the community, and there
is a more equitable distribution of species abundances. This is often associated

with a healthy and balanced microbial community.
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Discussion

The intricate interplay between the human health and gut microbiome is an ever-
evolving and captivating realm of study. The preservation of mass of skeletal mus-
cles is aided by the gut bacteria. For instance, in germ-free mice mass of skeletal
muscle exhibited a decrease in mass compared to skeletal muscle in pathogen-
free mice. However, the loss of muscle mass in mice without gut microbes could
be partially restored by transplanting pathogen-free mice’s fecal microbiome into
germ-free mice [26,187]. Likewise, piglets that are germ-free display reduced body
weight and lean mass compared to their counterparts with normal intestinal mi-
crobiota [187]. There are noticeable differences in fiber type composition among
muscles, both within individual animals and across different animals. [188]. Cru-
cially, improving the ratio of slow-twitch or oxidative muscle fibers, which possess
enhanced oxidative metabolism capabilities, is associated with superior meat qual-
ity compared to those predominantly composed of fast-twitch or glycolytic fibers
[189]. Accumulating information suggests that the microbiome of gut significantly
influences the development of muscle fibers. Transplanting fecal microbiota has
shed light on the connection between muscle fiber properties and gut microbiota.
Germ-free mice were analyzed subsequent to the introduction of a microbial gut
population obtained from obese Rongchang pigs exhibited an elevated presence of
slow-contracting fibers, a decrease in fiber size, and a lower ratio of fast IIB fibers
[154]. Moreover, it was observed that germ-free piglets, upon colonization with
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microbiota sourced from normal piglets, exhibited a consistent and partial restora-
tion of slow-twitch muscle fibers. These findings emphasize the involvement the
effects of gut bacteria on the properties of muscle fibers and provide an avenue for
investigating the impact of gut microbiota on meat quality. The process relating
to the function of skeletal muscle and the microbiota have gradually become more
elucidated, and later on, there has been a focus on studying the contributions of

bacterial metabolites to the change in the kinds of muscle fibers [187].

In recent decades, significant insights have been gained regarding the relationship
between the gut microbiota and parameters including contractile and metabolic
qualities, as well as skeletal muscle mass [190, 191, 26].. Despite this progress, the
exact biochemical pathways that connect gut microbes to the operation of skeletal
muscle are still mostly unknown. SCFAs and KBs are believed to confer diverse
favorable effects to host metabolism energy through a proposed mechanism in-
volving intracellular signaling. Peroxisome proliferator-activated receptor-gamma
(PPARc) and/or G-protein couple receptordl, GPR43, and G-protein couple re-
ceptor 109A activation are required for this signaling pathway to function [192,

193],

Furthermore, current finding highlights the endocannabinoid system is a crucial
regulator that mediates communication between the host and the gut flora [194,

195).

A complicated lipid cell-signaling system that is essential to both human health
and disease is the endocannabinoid system (ECS). Despite the fact that the
molecules in number linked to the ECS is constantly increasing, the lipid me-
diator’s 2-arachidonoylglycerol (2-AG) and anandamide (AEA) are still regarded
as important participants. Mostly, these compounds activate two G-coupled re-
ceptors that are dispersed differently throughout the body: cannabinoid receptor
type 1 (CB1) and type 2 (CB2) [196]. Even though endocannabinoids, also known
as plant cannabinoids, have great potential as complementary and/or alterna-
tive treatments, their possible application in skeletal muscle problems has not yet
been thoroughly investigated [198]. Recent studies have shown that: (i) 2-AG

stimulates proliferation in both human and murine skeletal muscle cell precursors
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(myoblasts), but inhibits differentiation into mature muscle cells (myotubes); (ii)
2. In vivo, AG inhibits the development of skeletal muscle.; (iii) DMD-affected
skeletal muscles in humans and mice exhibit a hyperactive endocannabinoid sys-
tem (ECS); and (iv) In dystrophic animals, pharmacological suppression of the
endocannabinoid CB1 receptor avoids locomotor impairment, lowers muscle in-
flammation, and stimulates the development of both satellite and myoblast cells

into mature myotubes [196].

Numerous metabolic, neurological, and inflammatory illnesses are intimately con-
nected with the growth and/or advancement of gut microbial dysbiosis [197,
198].  Accordingly, an increasing amount of research indicates that therapeutic
interventions—Ilike the intestinal bacteria transplantation or the use of probiotic-
or prebiotic products—hold promising potential to address a variety of disor-
ders by reversing disruptions in the gut microbiota. (i.e., dysbiosis) [199]. Pa-
tients with Duchenne muscular dystrophy (DMD) commonly experience nutri-
tional, metabolic, and gastrointestinal challenges [200,201]. Tt is predicted that
over half of children with Duchenne muscular dystrophy are overweight or obese
due to chronic persistent inflammation, prolonged sedentary behavior, and pro-
longed usage of anti-inflammatory steroid medicines. On the other hand, under-
weight problems in adults and adolescents with DMD are frequently linked to
poor swallowing function, insufficient dietary fiber, and decreased intestinal motil-
ity [202, 203].The commonly used experimental model of DMD, mdx mice, and
exhibits comparable pathology characteristics [204].

The research showed that dystrophic mice had unique microbial alterations, in-
cluding an increased Prevotellaceae family abundance. The Helicobacteriaceae,
Clostridiales_vadinBB60 families, Peptococcaceae and Saccharimonadaceae, on the
other hand, had reduced relative abundances. Previous research reveals that mem-
bers of the Prevotellaceae family, which includes about 40 different species, thrive
in inflammatory microenvironments that are frequently found in diseases like in-
flammatory bowel disease, arthritis, and colorectal cancer. This research helps to

explain this transition [205,206]. On the other hand, it is demonstrated a negative
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correlation between Saccharimonadaceae abundance and the emergence of mal-
functioning metabolism [207]. Notably, deflazacort (DFZ), a standard treatment
for DMD, improved various pathological features in mdx mice and concurrently re-
stored levels of Prevotellaceae, Saccharimonadaceae, and Clostridiales_vadin BB60.
This suggests the potential involvement of these altered in these intestine bacterial
taxa in the observed disease features. DFZ also induced changes in the relative
mdx mice did not change the abundance of two families, which were raised and

decreased, respectively: Desulfovibrionaceae and Erysipelotrichaceae [208].

The gut microbiota (GM) plays a crucial role in metabolizing organic substrates,
derived from either undigested food in the intestinal tract or natural secretions
such as mucopolysaccharides and cell debris. In the host tissues, GM has a role
in the creation and control of gasses like nitric oxide and hydrogen sulfide (H2S),
as well as neurotransmitters including histamine, serotonin, v-amino butyric acid
(GABA), and catecholamines. The production of these molecules, influenced by
the intestinal bacteria, not only affects microbiome interactions through a ”quo-
rum” sensing system but also impacts gastro intestinal defense and is associated
with distinct neurophysiological, metabolic, and intestinal characteristics. Numer-
ous signaling pathways, including neuroendocrine circuitry like vagal nerves and
enteric neurons, as well as the regulation of inflammatory profiles and systemic

metabolites, may be involved in these effects [209,210].

Various byproducts produced by the gut microbiota (GM), including phenolic
products, short chain fatty acids (SCFAs) bile acids from intestinal bacteria, and
conjugated linoleic acid, have demonstrated the potential to enhance muscle glu-
cose homeostasis, energy expenditure, protein synthesis, and physical performance.
These effects are attained by direct targeting of skeletal muscle, interorgan cross
talks, and/or intestinal permeability control. Numerous research have provided
copious evidence on the distinct advantages of the primary GM SCFA metabo-
lites—acetate, and butyrate—on insulin responses, blood glucose, and skeletal
muscle function. Notably, recent studies showed that giving germ-free (GF) mice
a combination of these SCFAs partially corrected the skeletal muscle damage

brought on by GM deficiency, especially by increasing muscle strength [26].
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The modification of intestinal permeability resulting from dysbiosis has been linked
to persistent metabolic and inflammatory conditions, which may have an impact
on the pathophysiology of muscles [191, 211, 212]. This idea was supported by
the use of animal models with intestinal physical injury or infection to show that
a particular strain of Escherichia coli can stop muscular atrophy. By using the
NLRC4 inflammasome pathway, white adipose tissue’s synthesis of insulin-like
growth factor-1 (IGF-1) mediates this protective effect. The phosphoinositide 3-
kinase/protein kinase B (PI3K/Akt) pathway in skeletal muscle is subsequently

activated as a result [213].

Numerous studies highlight an affirmative correlation in relation to eubiosis and
fitness. Notably, a ramp maximal activity test was used to assess peak oxygen
uptake in healthy adults between the ages of 18 and 35. The results showed
that, regardless of diet, there was an association between increasing gut micro-
biota (GM) diversity and peak oxygen absorption. Elevated fecal butyrate pro-
duction and large concentrations of important butyrate-producing taxa, such as
Erysipelotrichaceae, Roseburia, Clostridiales and Lachnospiraceae, were also linked

to this increased GM diversity [214].

Genetic myopathies, including Steinert disease (myotonic dystrophy type 1 or
MD1) limb-girdle muscular dystrophy (LGMD), Duchenne muscular dystrophy
(DMD), Becker muscular dystrophy (BMD), are associated changes in inflamma-
tion and metabolism. Patients with DMD and LGMD exhibit a drastic decrease
in absorption of protein and an increase in catabolism of protein, a phenomenon
potentially preserved in BMD patients. Insulin resistance in MD1 leads to the
dysregulation of protein metabolism. These pathologies also feature alterations in
lipid and muscle metabolisms. Additionally, systemic inflammation is a charac-
teristic feature of these diseases, with elevated levels of TNFa observed in muscle
biopsies of DMD patients compared to healthy subjects. Interestingly, higher
TNFa levels are correlated with better muscle function, underscoring the intricate

evolution of inflammation processes throughout the course of the disease [215].

Certain bacteria, such as Akkermansia muciniphila (A. muciniphila) and Pre-

votella copri (P. copri), have been linked to varying metabolic outcomes. P. copri
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has shown associations with both positive and negative impacts on glucose toler-
ance and insulin sensitivity. On the other hand, while in genetically obese and
diabetic mice, as well as in obese mice generated by diet, A. muciniphila levels
are typically thought to be inversely correlated with metabolic diseases. How-
ever, other studies have found that A. muciniphila abundance is enhanced in mice
fed a high-fat, high-sucrose diet. These results demonstrate the intricate con-
nections between particular bacterial species and the consequences of metabolic

health [216].

Prevotella copri is the most prevalent species of the many species that inhabit the
human stomach. An estimated 40% of the general human population is thought
to be affected, with some individuals having relative abundances higher than 50%

217).

Due to its correlation with low-fat, high-fiber diets, Prevotella copri is more com-
mon in non-Western populations [218; 219]. It is frequently associated with fa-
vorable health outcomes, such as decreased visceral fat and enhanced glucose
metabolism [220, 221]. Nevertheless, there are contradictory studies that link
P. copri to harmful diseases like persistent gut inflammation, hypertension, and
insulin resistance [222]. The role of P. copri in health outcomes appears to be

complex, and further research is needed to clarify its diverse associations [223].

Recent studies have revealed that the prevalent Prevotella copri ancestor is com-
posed of at least four distinct species-level lineages, each exhibiting less than 95%
average nucleotide identity with one another [217]. Additionally, there is sig-
nificant variability in the utilization of polysaccharides among P. copri isolates,
suggesting distinct metabolic patterns within this lineage [224]. The contradictory
findings on P. copri and human health could be attributed to the differences in
strain-specific metabolic variables, food preferences, and conventional taxonomic
classifications and species boundaries. This emphasizes how important it is to
fully characterize the diversity of microbes in the human microbiome in order to

have a more detailed understanding of its functions [225].
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Apart from Prevotella copri, the human gut is home to multiple other Prevotella
species, including P. rectalis, P. histicola, and P. stercorea. Few of these species
have just been identified through genomes retrieved from human gut metagenomes
[226]. Based on the metagenomes of healthy human guts, P.sterocrea is probably
the second most common and prevalent species in the guts of healthy humans,
behind P. copri [227, 228]. The range of other Prevotella species, however, is far
less well understood. To the best of our knowledge, P. rectalis and P.ihumii, for
example, were recently isolated from people who did not appear to be ill and have
not been linked to any medical disorders [229]. Although unclassified Prevotella
are routinely identified by DN A-based investigations of the gut microbiome, these
analyses are not always accurate in identifying the precise species. This limitation
may arise from the uncharacterized diversity within the Prevotella lineage, making

it challenging to identify specific species accurately [230, 231].

Given the significance of Prevotella copri in the intestinal microbiome of human
and its roles in human health, as well as possible link to harmful circumstances,
the hypothesis was formed that uncharacterized Prevotella species could also be
essential for the functions human gut. It was reasoned that these uncharacterized
species might possess comparable qualities with P. copri. Therefore, an evaluation
of the entire variety and dispersal of Prevotella in the gut of human might be
improved by evaluating their functions in health. From metagenomes of human
gut Prevotella species are recovered were examined for their genomes, and the
results showed that P. copri and P. stercorea are the primary relatives of the
most common and reasonably numerous species in this context. The unique gene
repertoires of these animals most likely represent adaptations to specific metabolic
environments. Interestingly, P. stercorea and similar species have carbohydrate
esterases but lack numerous genes involved in xylan metabolism, indicating they

collaborate with P. copri to metabolize dietary fiber [230, 231].

Mitsuokella, a bacterial genus within the family Alcaligenaceae, encompasses var-
ious species, such as Mitsuokella dentalis and Mitsuokella multiacidus. These
bacteria are commonly encountered in the human gastrointestinal tract, oral cav-

ity, and diverse environmental sources. Mitsuokella species are recognized for their
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capacity to generate acetic acid and succinic acid through fermentation [232].They
have been identified in dental plaque and fecal samples, constituting a component
of the normal microbial flora in these settings. While certain Mitsuokella species
have been linked to human infections, they are generally regarded as commen-
sal bacteria without established pathogenicity. Similar to many bacterial genera,
the comprehension of Mitsuokella and its species undergoes continuous refinement

through ongoing research in microbiology and microbial ecology [233].

In a determinative bacteriology study conducted in 2004, it was observed that
certain bacterial genera, including Selenomonas (producing acetate and propi-
onate), Mitsuokella (producing acetate), Megasphaera (producing lactate), and
Lactobacillus (producing lactate), exhibited the capability to generate short-chain

fatty acids (SCFAs), comprising lactate and propionate [234].

Bacteroides xylanisolvens is a species of bacteria within the Bacteroides genus,
which is commonly found in the human gut microbiome. While specific informa-
tion about Bacteroides rylanisolvens may be limited, here are some general func-
tions and characteristics associated with Bacteroides species, which could provide
insights into the potential roles of Bacteroides zylanisolvens [235]. Bacteroides
species, including Bacteroides xylanisolvens, are known for their ability to break
down complex carbohydrates that are resistant to digestion by human enzymes.
This includes the fermentation of dietary fibers and other complex polysaccha-
rides. Bacteroides species often form complex interactions within the microbial
community of the gut, participating in cross-feeding and competition with other

bacteria [236].

Dorea is a genus of bacteria that belongs to the phylum Firmicutes. It is commonly
found in the human gut microbiome. The gut microbiome is a complex commu-
nity of microorganisms, including bacteria, fungi, and viruses, that inhabit the
gastrointestinal tract. The composition and diversity of the gut microbiome can
vary among individuals. Bacteria in the genus Dorea are known for their ability
to metabolize complex carbohydrates through fermentation, producing short-chain
fatty acids (SCFAs) as byproducts [237]. SCFAs can have various effects on the

host, including influencing immune function and providing a source of energy for
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colonocytes. Dorea species may engage in metabolic interactions with the host and
other microbes in the gut. These interactions can influence nutrient utilization and

energy metabolism [233].

Lactobacillus ruminis is a species of bacteria that is commonly found in the gas-
trointestinal tract, particularly in the rumen of ruminant animals such as cows
and sheep. Lactobacillus ruminis is recognized as an indigenous species naturally
present in the human gastrointestinal tract (GIT) [238]. Lactobacillus species,
including L. ruminis, are often associated with promoting gut homeostasis. They
contribute to the balance of the gut microbiota and help prevent the overgrowth of
harmful bacteria. Previous research has emphasized the potential immune modu-
latory properties of Lactobacillus ruminis [239, 240], indicating its potential role in
influencing the immune system. Moreover, there is supporting evidence suggesting
that Lactobacillus ruminis may contribute to the suppression of antibiotic-resistant

pathogens [241].



Chapter 6

Conclusion and

Recommendations

Muscular dystrophies are a class of degenerative disorders which are hereditary in
nature. Muscular dystrophy is responsible for muscle weakness that is progressive.
Skeletal muscle growth and development, which makes up around 50% of a mam-
mal’s body mass, indirectly affects the amount and quality of pork by affecting
things like, meat color, juiciness, tenderness, and pH and drip loss. In general, a
number of variables, including as exercise, genotype, hormones, nutrition, breed,
muscle location environmental temperature, affect how muscles grow and develop.
Interestingly, new studies suggest that the growth, development, and function of
muscles can be impacted by preserving a stable and diversified gut flora. Therefore,
there is a perception that the gut microbiota could be a viable biological target for
increasing the amount and quality of muscle. The first objective was to determine
the prevalence of type of muscular dystrophy. Questionnaire were filled by the 60
healthy and 60 muscular dystrophy subjects with informed consent. Limbic Girdle
Muscular Dystrophy was the most prevalent kind of muscular dystrophy among
the individuals that participated in this study. The prevalence of Limbic Girdle
Muscular Dystrophy was 34%, followed by Duchenne Muscular Dystrophy 28.3%,
Myotonic Muscular Dystrophy 15%, and Becker Muscular Dystrophy is 9.4%. The
differences of prevalence can be seen as compared to those mentioned in literature
review due to multiple factors like diet and lifestyle. The prevalence of diagnosed
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muscular dystrophy patients was 96% and that of undiagnosed patients were 4%
in total sample size of 60 individuals. Among the diseased individuals who par-
ticipated in the study 87% had not used antibiotics and 13% had used antibiotics
,39% had not used medications and 61% had used medications, 5% has used and
95% had not used the recreational drugs during the previous three months. The
individuals shortlisted as experimental group for the collection of stool samples
were those who had not used any antibiotics, medications, recreational drugs and
were diagnosed with the disease and their prevalence was found to be 66% in total

sample size of 60 individuals.

Second objective meant to evaluate the impact of diet on disease and symptoms in-
dicates that data of muscular dystrophy patient also showed the association. The
coefficient for Symptoms was found to be 0.347 (t = 14.866, p < 0.001), suggest-
ing that, while controlling for Types of Disease, a one-unit increase in Symptoms
is associated with a 0.347 unit increase in diet. The 95% confidence interval for
this coefficient ranges from 0.300 to 0.394. In this case, a higher t-value (14.866)
indicates a more significant relationship. The p-value (< 0.001) suggests that the
relationship between Symptoms and diet is statistically significant. In other words,
it’s unlikely to be due to random chance. The interpretation indicates a statisti-
cally significant positive association between Symptoms and diet, after accounting
for the influence of Types of Disease, and provides a range of values for the esti-
mated effect with a high level of confidence. Both Symptoms and Types of Disease
appeared as significant predictors of diet, contributing to the strength of the regres-
sion model. These findings offer valuable insights into the factors influencing diet,
paving the way for a more understanding of the relationships among the variables
under investigation. To evaluate the difference between muscular dystrophy and
healthy people Metagenomics was performed. To ensure the presences of bacterial
strains gene sequence analysis was done. In taxonomic bar plots the most preva-
lent class SEM was , Bacteroidia (47%), Clostridia (37%) followed by Negativi-
cutes (4%), Coriobacteriia (0.5%), whereas in SF the Bacteroidia (32%), clostridia
(33%), Negativicutes (6%) Coriobacteria (2%). At order level the most abundant
was in control sample was Bacteroidales (53%) and in muscular dystrophy patient

was bacteriodales (40%). The difference in variation at order level in SFM was
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Aeromonadales (1%), Elusimicrobiales (2%), Spirochaetales (1.5%) whereas in SF
Bifidoacteriales (7%), Erysipelotrichales (1%) and Peptostretococccales- Tissierel-
lales (2%) . At genus level the genus preveotella is 48% in control sample and 58%
in muscular dystrophy patient. The genus that were different in SEM Elusimi-
crobium (2%), Lachnospiraceae-NK4A136-group (1%), Megasphaera (2%), Rose-
buria (4%), Treponema (1%), UCG-002 (1%) and uncultured (2%).whereas in SF
[Eubacterium/-Coprostanoligenes-group (2%), Agathobacter (3%), Bifidobacterium
(12.5%), Coprococcus (2%), Dialister (3%), Lactobacillus (4%) and Mitsuokella
(5%) In the species bar plot the specie uncultured —Alloprevotella was 26%, and
Prevotella-copri (8%) in control sample and uncultured —Alloprevotella (13%) and
prevotella-copri (15%) in muscular dystrophy patient. The species that were dif-
ferent between SFM and SF was Prevotellaceae-Bacterium (26%), Treponema-
Succinifaciens (5%) in SEFM, whereas in SF was Bacteroides-Xylanisolvens (10%),
Dorea-Longicatena (4%), Lactobacillus-Ruminis (14%), Mitsuokella- jalaludinii
(6%), Mitsuokella-multacida (8%). The results indicates that the population of
microbiome was different in both healthy and disease patients and diet also effects

the disease and microbiome population.

The current study revealed that population of microbiome varied among the mus-
cular dystrophy and healthy subjects. It can be concluded that addressing the
microbiome in genetic disorders can help to manage the severity of disease and
can have potential for therapeutic purpose.Further research involving both healthy
and disease participants will advance our understanding of the microbiota-skeletal
muscle axis by elucidating its underlying mechanisms at the levels of metabolism,
immunity, inflammation, hormones, and neurotransmission, as well as providing

insight into its pathophysiological consequences.

It will additionally delineate the regulatory impact of specific bacteria on the

processes of muscle protein synthesis and degradation.

In light of the significant impact that the gut microbiota (GM) has on endocrine,
metabolic, and inflammatory processes, more computer modeling and experimen-
tal studies are desperately needed. The objective is to find novel tailored instru-

ments that target the gut microbiota in particular with the aim of maintaining
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the health of skeletal muscle in the setting of hereditary illnesses, as previously

stated.

Studies on microbiota-based interventions and the incorporation of in silico or
mathematical modeling, considering interactions of bacteria, are expected to en-
hance personalized guidance regarding supplements, nutrients and/or physical ac-

tivity to address weakness of muscles.
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Capital University of Science and Technology,
Department of Biosciences and Bioinformatics

Disease Assessment Questionnaire

Diifaten

In order to assess the association of microbiome and

muscular dystrophy disease, we need to review your medical

and family history, focusing on the history of Muscular

Dystrophy.
The first part of the questionnaire focuses on your personal and medical history, the
second part on your family history. If you are uncertain about any information, please
write in your best approximation or write unknown. You may decline to answer any
or all of the questions at this time or at any later time.

*  Please take some time before you fill this form to gather as much of your family history
information as possible.

+ We will not use the information you provide us to contact your family members.
Names of family members are used only as a reference and to reduce our errors.

* Your personal and family history will be kept confidential.

*  You may be contacted in the future about queries and further information.

* You are free to leave at any time.
+  After completing the questionnaire, you may wish to make a copy of it for your record.
+ If you have any questions, please contact our office at (which number do add?) or email

at taibasalamat88@gmail.co and aqdasiftikhar123@gmail.com.

Please circle one:

Ido/ do not agree to share my personal and family history information for research purposes

and for deductions to be made and results to be published on the information that I provided.

Name: Signature: Date:

Personal History
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Name:

First name Middle name Family name

What is your date of birth? / /

What is your occupation?

Marital Status:

Single/widowed:

Married:

Divorced:

Age:

Please choose which ethnic/racial background best describes you and your biological
mother and father.

Self:

Maternal side:

Paternal side:

What is your religious affiliation?

| General Medical History

How is your health in general?

Do you have any other underlying health conditions? Y /N/U
If yes, what type(s) and at what age(s) were you diagnosed?
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Do you smoke or use tobacco products: Currently? Y N Previously? Y /N

If yes, what do you use and how much?

Do you drink alcohol beverages? Y / N If yes, how often?

1-3/week 4-6/week >6/week

other:

Do you use other recreational drugs? Y /N

If yes, what do you use and how often?

Do you have diabetes? Y /N

Do you have any metabolic disorder? Y /N

Have you used any antibiotics in previous 3 months? Y /N

If yes, list please

Name: Reason:
Name: Reason:
Name: Reason:

If you currently take medication daily or on a regular basis, please list medication and

reason for taking it

Medication Reason
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Medication Reason

Diet

What do you have in?

Breakfast:
Brunch:

Lunch:
Supper:
Dinner:
Do you have a special diet? Y/N

If yes please list

Screening History

Have you ever been diagnosed with muscular dystrophy? Y /N

Type:
Age Diagnosed:

Treatment used:

If you currently take medication daily or on a regular basis, please list medication and
reason for taking it ( for treatment of Muscular Dystrophy).
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Medication Reason
Medication Reason
Medication Reason

Duration of Treatment being used?

Please check the following boxes if you have the following symptoms

Symptom

Y/N

Difficulty in walking

Waddling gait

Frequent falls and clumsiness

Difficulty in getting up from sitting position

Difficulty in climbing stairs

Walking on toes

Frequent falls

Difficulty rising from the floor

contractures

Scoliosis (curved spine)

Breathing and swallowing problems

Shoulder deterioration
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Mild facial weakness

Lordosis (inward curve of lumbar spine)

Droopy eyes

Poor vision

Cataracts

Double vision

Problems with upper gaze

Muscle weakness in face

Difficulty in opening and close eyes

Trouble smiling or puckering lips

Difficulty in chewing

Weight loss

Cardiac irregularities

| Family Members/ Relatives

If you have any family members or Relatives who had or are suffering from muscular

Dystrophy please list
Name| Sex Muscular Dystrophy | Age at
Age Relationship to [Deceased Type Diagnosis
you
M/F Y/N/U
M/F Y/N/U
M/F Y/N/U
M/F Y/N/U
M/F Y/N/U
M/F Y/N/U
M/F Y/N/U
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M/F Y/N/U
M/F Y/N/U
Reviewed by: Date:




