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Limb-girdle muscular dystrophies (LGMDs) represent a group of muscle diseases due to monogenic mutations
encoding muscle proteins that are defective for heterozygous and homozygous mutations prevalent in certain
regions.

limb-girdle muscular dystrophy gamma-sarcoglycanopathy muscular dystrophy

| 1. Introduction

The names Severe child autosomal recessive muscular dystrophy (SCARMD) and Tunisian muscular dystrophy
(TMD) were used QI to designate a common myopathy in Tunisia affecting children of both sexes, similar to
Duchenne’s myopathy, and the prevalence is high in this country 2. This myopathy was denominated LGMDRS,

and the Tunisian type was found to have a homozygous mutation: ¢.521del mutation 2,

| 2. Evolution of the LGMD Concept

Hereditary muscular dystrophies are common where consanguinity favored their occurrence . Limb-girdle
muscular dystrophies (LGMDs), including SCARMDs, have been reported among these RIS They were very

common, and in the molecular era the classification was revised B2l

LGMDs were described by Walton and Natrass in 1954 19 from other known myopathic entities, Duchenne’s X-
linked myopathy, facioscapulohumeral myopathy, and myotonic dystrophy. These scholars defined LGMDs by
weakness and progressive and symmetric muscular atrophy, primarily of the girdle, recessive or dominant
autosomal heredity, with CK elevation, the myogenic pattern on the electromyogram, and muscle histology

consistent with dystrophy.

This broad initial definition included disparate heterogeneous muscle diseases, often with laborious diagnosis,
under the same title, a catch-all group for Michel Fardeau 1. This mainly included girdle muscular atrophy, but

also distal atrophy, as well as Emery Dreifuss and Leyden Moebius, SCARMD, or Duchenne-like.

The phenotypic spectrum of LGMDs ranged from asymptomatic cases with isolated elevation of CK to dystrophies,
from recessive autosomal to rare dominant autosomal, with muscle involvement only, which is the most common,
to those involving the heart, or those combining both, sometimes with bone and joint involvement or, more rarely,

brain involvement.
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Due to the progress in knowledge of these myopathies in genetics and biochemistry, the concept of LGMD has
evolved, requiring periodic revisions to the nomenclature and classification. During the 30th—31st international
workshop of the European Neuromuscular Center (ENMC) in 1995 [12 it was agreed by consensus to assign the
number 1 for dominant autosomal (LGMD1), and 2 for recessive autosomal (LGMD2), followed by a letter of the

alphabet in the order in which the loci of their genes are discovered.

Other LGMD genes were discovered thereafter, with their number quickly exceeding the letters of the alphabet with
up to 32 LGMD2s today and 10 LGMD1s. A revision of the nomenclature was required, and in 2017 during the
229th international workshop of the ENMC 28 R replaced the number 2 for recessive and D the number 1 for
dominant, followed by the number of the LGMD, from the first discovered to the most recent, and then the protein.
To be included, the LGMDs should be reported in at least two unrelated families, having imaging showing muscle
atrophy groups in a degenerative fibrofatty condition, CK levels elevated to varying extents and an appearance of

dystrophy in the histological study of the muscle.

There are six sarcoglycan (SG) proteins in the striated muscle: SG-Alpha, SG-Beta, SG-Gamma, SG-Delta, SG-
Epsilon, and SG-Zeta. In addition, SG-Beta and SG-Delta are expressed in the smooth muscle of the coronary
vessels; their mutations more frequently lead to heart disease. Epsilon and Zeta do not cause muscular
dystrophies, while the epsilon SG mutation is associated with hereditary myoclonic dystonia 14, Their molecular
weights are 35 KD for Gamma, 50 KD for Alpha, 45 KD for beta, and 35 KD for Delta. They are encoded by four
genes, SG-Gamma, SG-Alpha, SG-Beta, and SG-Delta genes located on four different chromosomes, ch13g12,
ch17qg21.33, ch4ql2, and ch5q33.2, respectively.

The muscle sarcoglycans represent a subset of small, glycosylated, trans-sarcolemmal interlinked proteins,
associated with dystrophin through another subset of glycoproteins, the dystroglycan alpha and beta. This led to
the concept of the dystrophin-associated glycoprotein complex which sits across the sarcolemma, ensuring its
integrity by linking sarcomeric actin to laminin alpha 2 of the extracellular matrix, thus causing a linking effect of the
membrane during muscle fiber contractions 15, The four sarcoglycans function as a tetrameric unit, with one
mutation in one of their four genes, secondarily but variably affecting the expression of the three others 13, In
skeletal muscle, the dystrophin-associated glycoprotein complex forms a link between the actin cytoskeleton and
the extracellular matrix that is critical for muscle integrity. Within this complex resides the sarcoglycan subcomplex,
which consists of four transmembrane glycoproteins (alpha-, beta-, gamma-, and delta-sarcoglycan).

During its assembly, beta-sarcoglycan tightly associates with delta-sarcoglycan to form a functional core that then
recruits gamma- and alpha-sarcoglycan to form the sarcoglycan complex. The pathomechanism of gamma-

sarcoglycanopathy is illustrated in Figure 1 and Figure 2.
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Figure 1. Pathomechanism of gamma-sarcoglycanopathy. Left side: In skeletal muscle, the dystrophin-associated
glycoprotein complex forms a link between the actin cytoskeleton and the extracellular matrix that is critical for
muscle integrity. Within this complex resides the sarcoglycan subcomplex, which consists of four transmembrane
glycoproteins (alpha-, beta-, gamma-, and delta-sarcoglycan). During its assembly, beta-sarcoglycan tightly
associates with delta-sarcoglycan to form a functional core that then recruits gamma- and alpha-sarcoglycan to
form the sarcoglycan complex. Upper right side: mutations in y-Sarcoglycan (35 kDa) determine gamma-
sarcoglycanopathy; this condition determines sarcolemmal instability, resulting in Ca++ ion entry and CK efflux
from muscle fibers. Lower right side: an important feature of sarcoglycanopathy is the close association of the four

transmembrane glycoproteins, which determines the loss of the whole sarcoglycan complex from the mutation of

one of the glycoproteins.
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Figure 2. Sarcoglycan complex in sarcolemma.

| 3. Epidemiology and Psychosocial Consequences of LGMDs

The first epidemiological studies of LGMDs and sarcoglycanopathies were difficult due to the rarity of the cases,
variability of the prevalence of LGMDs in different countries, disparities in health system levels, non-standardized
clinical studies using different methodologies, and different patient assessments, first done by Western blot
biopsies. Cohorts of patients then benefited from increasingly efficient genetic identification employing next-
generation sequencing tests (NGS) [L8II171[18]

The most recent epidemiological studies are a contribution to the diagnostic strategies, genetic counseling,
phenotypic prediction, and clinical trials on LGMDs as well as the assessment of the economic and social
consequences of these diseases.

Data collection has become increasingly standardized. These are sometimes specific to different populations; they

will be recorded in a national LGMD registry, that gathers the clinical and natural history, MRI, protein, and
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sequence in databases, all following the written consent of the patient or their relatives (121,

The data banks are used to store the vast mass of information on LGMDs from all over the world and enable it to
be rapidly analyzed. This information is thus made available online to physicians, researchers, the pharmaceutical
industry, and patient groups. Some data banks are for shared clinical use, such as OMIM (Online MENDELIEN
inheritance in man) (2%, LMDp (Leiden muscular dystrophy pages) 21, and ORPHANET (Orphanet rare diseases),

while others are highly specialized.

Multiple epidemiological characteristics have thus been highlighted in LGMD by several studies: prevalence,

relative frequencies of groups and subgroups, phenotype-genotype correlations, etc.

According to the French association of myopathies in 2020 29 |LGMDs are, in order of frequency, calpainopathies
(LGMDR1), anoctaminopathies (LGMDRY7), dysferlinopathies (LGMDR2), and then sarcoglycanopathies
(LGMDR3,4,5,6). This order closely corresponds to the date of discovery of their genes. In a recent multicenter
study in Brazil, among 305 families with LGMD, 30% had LGMDR1, 30% LGMDR2, and 21% LGMDR3-6. Among

sarcoglycanopathies in Europe, alpha is the most common and delta is the rarest.

| 4. Pathophysiological Data for LGMDR5

The SGCG gene, whose mutations are responsible for LGMDR5, was located in chromosome 13q12 [l and then
identified . It consists of eight exons with 144 KB [22. The mutation responsible is a homozygous mutation on
exon 6 by point deletion of a c.521del .. This nonsense mutation creates an amino acid substitution in the protein
(p.leul74argfs) and shifts the reading frame from codon 157, creating a premature stop codon on codon 193. A

truncated protein is thus produced that lacks the distal part of its extracellular terminal C end.

More than 80 other mutations were discovered on this gene 2723: homozygous or compound-heterozygous, often
small and isolated, other larger exonic mutations, or deletion of the entire gene. These mutations are available in

the database (https://www.omim.org/entry/608896, accessed on 13 October 2022). Their prevalence varies

depending on the population.

The wild protein encoded by the SGCG gene is formed by 291 amino acids (AA), with a trans-sarcolemmal
location, a large extracellular C-terminal domain that plays an important cytoarchitectural role in conjunction with

the three other sarcoglycan proteins of the sarcoglycan complex and with beta-dystroglycan (Figure 3).
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Figure 3. Gamma sarcoglycan molecule, showing exon and intron sequence, modified from 7],
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In the post-translational phase 24, sarcoglycans are synthesized in the endoplasmic reticulum (ER) and arranged
in their tertiary structure (folding). Here, they undergo the necessary glycosylations for their sarcolemmic functions,
and then leave interlinked the (ER) for the Golgi apparatus where their maturation is completed, and from where
they come out linked to the beta-dystroglycan protein to join the sarcolemma by vesicular trafficking where they

assume their position within the associated dystrophin-glycosyl protein complex.

The residual altered proteins are destroyed by a proteolytic quality-control system or endoplasmic reticulum-
associated degradation, ERAD. The inhibition of this proteolysis makes these proteins more available to migrate to

the sarcolemma and thus becomes a potential therapeutic objective 241,

The composite picture of the wild gamma SG-Gamma protein, as with other proteins, was established, and the
different functions of this protein are still being tested. Gamma sarcoglycan is made up of three domains: an N
terminal intracytoplasmic domain (AA 1 to 37), a small trans-sarcolemmal domain (AA 38 to 58), and a large

extracytoplasmic domain (AA 59 to 291) where the C-terminal function is located.

| 5. Diagnostic Approach

The knowledge of the clinical spectrum of LGMDR5 enables the diagnostic approach to be well-defined. It has
been noted that it can affect girls or boys, with or without consanguinity with relatives, sporadic or with familial

cases, and varying severity among siblings is possible.

In most cases, the clinical spectrum of LGMDRS5 is non-specific Duchenne-like. It has an onset between 3 and 10
years of age, progressive deterioration of gait, loss of ability to walk before the age of 20 years, and death before
the age of 30 years. Other signs appear, such as stereotype girdle deficiency, sometimes having a tiptoe gait in the
early stage of the disease, with very frequent calf hypertrophy, scapulae winging, and inconstant hypertrophy of the
tongue, but without facial or bulbar involvement. Joint contractures, scoliosis, and muscle wasting are observed in
the late stage. Dilated heart disease, sometimes associated with restrictive respiratory damage, is the cause of
limited life expectancy. The absence of cognitive impairment is a significant and distinctive factor in Duchenne
myopathy 251, More benign, Becker-like late-onset LGMDR5 cases, with the ability to walk during adulthood, are

rare.

Asymptomatic hyperCKemia, or even associated with fatigue on exertion, myalgia, or rhabdomyolysis, were
genetically identified as gamma-sarcoglycanopathy, but without isolated heart disease, as with the rare delta-
sarcoglycanopathy 19,

Routine examinations will complete the orientation, and molecular examinations will confirm the diagnosis.

Ck levels are significantly increased, which is a non-specific sign of the muscular dystrophy phenomenon. Their

level decreases in the advanced stages of the disease.
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Electromyography, by showing a typically rich, interferential, myogenic trace, with low amplitude and polyphasic
potentials, helps the clinician with the diagnosis of myopathy and to rule out neurogenic, myositis, myotonic, or

neuromuscular junction disorders.

Magnetic resonance imaging (MRI) of the muscles supports the diagnostic assumption of LGMDRS5 due to the
appearance of muscle abnormalities 28 and their predominant distribution in the anterior compartment of the
thighs. The MRI thus helps to limit the molecular search field [ZZ128]129],

The muscle biopsy includes various techniques: the histological study which shows non-specific muscle dystrophy
lesions and rules out metabolic or inflammatory myopathies, and the immunocytochemical study, which uses
antibodies against antigens of different muscle proteins. When anti-dystrophin is positive, dystrophinopathy is ruled
out and LGMD is suspected, although LGMD may include a secondary decrease in dystrophin. Anti-sarcoglycan
antibodies, anti-dystroglycan, and the entire panel of available antibodies are then tested. An isolated or associated
absence or decrease in the alpha, beta, gamma, or delta must be interpreted on a case-by-case basis, bearing in
mind that in LGMDs a protein defect may secondarily alter the expression of others, particularly among

sarcoglycanopathies B9,

Muscle protein Western blots from the sampled muscle are used to optimize protein identification of LGMD. The

results of this immunoblotting technique, when available, sometimes require a discussion for interpretation.

In the end, the molecular diagnosis follows a simple pathway: after a suggestive muscle biopsy, a simple PCR

sequencing highlights the almost exclusive c.521del.

| 6. Therapeutic Perspectives

The clinical trials relating to LGMDRS5 are still in the early stages. Many ongoing investigational projects explore the

major research paths common to all hereditary neuromuscular diseases.

The fine and precise repair of the mutation in the genome in myoblast cells by the gene-editing technique has

produced promising results B at the experimental stage.

The repair of mRNA, by the exon-skipping technique, proceeds through the antisense oligonucleotides injected
directly or by viral transfer. By restoring the gene, the disturbed reading frames back to their initial position, and
exon skipping may lead to the recovery of an acceptable translation of a truncated but effective protein. Despite the
small size of the SGCG gene, multiexon skipping 2l permits the expression of the mini-gamma truncated protein,
restoring function in myoblast culture with gamma sarcoglycan c.521del in the mice. This is interesting for future

clinical trials.

Therapies targeting protein compensation pathways are in the early stages of experimentation. Some are aimed at

blocking statins, a protein inhibitor of muscle trophism 23, and some at increasing the availability of sarcoglycans
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for the sarcolemma 4! by inhibiting, in the endoplasmic reticulum, the degradation by a quality-control system

(ERAD) of mutated proteins that are poorly arranged (misfolding) or truncated but possibly efficient.

There is no consensus on the use of corticosteroids in monotherapy for LGMDR5 contrary to its accepted use with

Duchenne myopathy. However, it remains largely used in clinical trials in combination with genetic treatments,

where it reduces their immunogenicity. Given the fact that progressive proximal limb-girdle muscle weakness,

wasting, respiratory deficiency, and retractions are frequently observed in gamma-sarcoglycan-deficient cases.
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