Spinal Muscle Atrophy (SMA) in a 5 years old girl from Macedonia: case report with
overview of present and future research on new therapeutical options

Abstract

Spinal muscular atrophies are inherited diseases in which nerve cells in the spinal cord and
brainstem regress, causing progressive muscle weakness and wasting. There are five main types
of spinal muscular atrophy, which are classified according to the severity of muscle weakness and
wasting. Depending on the type, one may be confined to a wheelchair, and life expectancy may
also be limited. Based on symptoms, the diagnosis can be proven through family history, muscle
and nerve function studies, and blood tests to determine the location of the defective gene. Spinal
muscular atrophies are usually inherited in an autosomal recessive manner. Thus, for a person to
inherit the disease, two genes are necessary, one from each parent. The group of SMA disease in
childhood can affect the brain and spinal cord as well as the peripheral nerves. We present a case
of a 5 years old girl with spinal muscle atrophy and analyze the different new therapeutical
options and future research in the field of spinal muscular atrophy in childhood.

Introduction:

Spinal muscular atrophy (SMA) is a muscle atrophy caused by a progressive loss of motor nerve
cells in the anterior horn of the spinal cord. It occurs rarely in humans (1/10,000 born). The term
"progressive spinal muscular atrophies" was coined by the Heidelberg neurologist Johann
Hoffmann in 1893. The most malignant form, infantile progressive spinal muscular atrophy, was
named after the Graz neurologist Guido Werdnig, who described two boys with the disease in
1891, and Johann Hoffmann. The more benign juvenile progressive spinal muscular atrophy was
named after Stockholm neurologists Eric Kugelberg and Lisa Welander. They differentiated the
disease from muscular dystrophies in 1956. William R. Kennedy described X-linked recessive
bulbospinal muscular atrophy in 1968. Several gene defects are known to lead to inherited spinal
muscular atrophy: The PIEZO2 gene contains the blueprint of a protein that acts as a
mechanoreceptor to sense pressure and stretch in muscles and skin. Sequence data of patients'
genes revealed homozygous reading frame shifts in the PIEZO2 gene. In motor neurons, the B-
Raf switch may be downregulated in SMA. Gene blueprint remodeling, or splicing, involves the
SMN complex, a molecular machine consisting of at least nine different proteins. The SMN
complexes are unevenly distributed in the nucleus. They accumulate at Cajal bodies. There are no
transport processes in the nucleus that bring SMN complexes to Cajal bodies. SMN complexes
have unusually large numbers of phosphate groups - molecular residues with a phosphorus atom
in the center. The decline of these so-called second motor neurons causes nerve signals not to be
transmitted to muscles. Paralysis with the characteristics of muscle atrophy and reduced muscle
tension are the result. If cranial nerves are affected, there are also limitations in swallowing,
chewing and speaking functions. This is referred to as spinobulbar muscular atrophy type
Kennedy (SBMA) or progressive bulbar paralysis. The following findings should be made.
Decrease to extinction of the muscle reflexes. Electromyogram (EMG) with spontaneous
fasciculations as resting activity and lightened patterns in the sum action potential

Blood test: absent or altered SMN1 gene in approx. 95% of affected persons as well as reduced
number of existing SMN2 copies, Scoliosis in type I, type II and sometimes also type 111

In cases of suspected spinal muscular atrophy, genetic testing is now considered the diagnostic
standard. Spinal muscular atrophies are diseases due to the demise of motor neurons (second
motor neuron, alpha-motoneuron, anterior horn cell) in the spinal cord. Therefore, atrophy and
weakness of the muscles occur. In healthy individuals, muscle fibers contract due to activation by
nerve fibers (innervation). As a result, depending on the number of muscle fibers involved, the
muscle becomes shorter, it tenses, movement occurs. Muscle fibers that are not properly
innervated by diseased nerve fibers do not contract. Just as the entire muscle becomes lankier
when it is not used, when an arm is immobilized in a cast for weeks after a broken bone,
individual muscle fibers become lankier when they are not activated by nerve cells. Since it is not
the muscle that becomes diseased, but the nerve cells that control it, this is called muscular
atrophy, in contrast to muscular dystrophy, where the muscle becomes diseased. In this case, the
strength and endurance of the muscle decrease. Repairs take place in parallel. Muscle fibers not



supplied by a nerve fiber can be supplied by a sprout of a preserved nerve fiber. Close to the
muscle fiber, the preserved nerve fiber sprouts, forming a branch that forms a new connection
(motor end plate) with the muscle fiber. Thus, the number of muscle fibers supplied innervated by
a nerve fiber increases.

Molecular Genetic Analysis of a defect in the gene for spinal muscular atrophy (SMN1))

Because of suspected spinal muscular atrophy and her parents, following molecular genetic
analysis was performed: Isolation of DNA by phenol-chloroform extraction/ethanol precipitation,
SALSA MLPA KIT P021-B 1 and PO60-B2 with analysis of the resulting amplification products
on the AV13500 genetic analyzer. Molecular genetic analysis of the 5 years old girl revealed the
presence of a deletion of exons 7 and 8 of the SMN1 gene in a heterozygous condition, which was
inherited from her father. As test material isolated DNA from peripheral blood was used.

Parameter of Genetic Testing:

METHOD: aCGH (array Comparative Genomic Hybridization) - CytoScan 750K array.
RESULT: arr 10q11.22 (46,113,134-46,768,616) x3

INTERPRETATION: Array CGH analysis revealed a female with the presence of 3 copies of a
segment of chromosome 10g (655 kb).

Additional findings were as follows: arr Hr11.22p11.21(50,867,332-55,907,685)%2 hmz;
arr7q11.23(72.760.433-76.236.949)x2 hmz; arr15q24.1g24.3(73.912.366-77.552.562)%2 hmz
Array CGH revealed the presence of loss of heterozygosity on segments of chromosome Xr (5,040
kb); 7q (3,477 kb); 15g (3,640 kb).

The limitation of the method was present, because this method did not detect the presence of
point mutations, trinucleotide repeat expansions, balanced translocations, chromosome inversions
and did not determine the origin of the altered genetic material.

Discussion

Spinal muscular atrophy is an autosomal recessive disorder. In 95-98% of patients with SMA
symptoms, the cause is a homozygous deletion of exon 7 and/or 8 of the SMN-1 gene, while in the
remaining 2-5% of patients with SMA symptoms, double heterozygosity causes a deletion and a
point mutation in the SMN1 gene. Due to the rarity of the disease, an exact frequency has not
been determined. It is estimated that the frequency of the disease ranges from 25,000 to 75,000
births worldwide. In Germany, it is assumed that there are approximately 1,000-1,500 patients
with spinal muscular atrophy (SMA) with different types The cause of spinal muscular atrophy is
a mutation, a loss or alteration of the so-called SMN1 gene. This gene forms the blueprint for the
protein called "Survival of Motor Neuron"-SMN for short. SMN is important in a wide variety of
body cells and plays a crucial role, among other things, in enabling nerve cells to communicate
with muscle cells and muscles to function correctly. Besides the SMN1 gene, there is a second
gene in the human body to produce the SMN protein - the SMN2 gene. However, the body can
only produce about 10% functional SMN protein using this gene. If the SMN1 gene fails because
of the gene defect, as is the case in people with SMA, only the SMN2 gene remains to make the
vital SMN protein. The amount of SMN protein that can be made depends largely on how many
copies of the SMN2 gene a person with SMA has. SMA patients with a higher number of SMN2
gene copies are usually less affected by the disease. This results in the different types of the
disease.

The goals of rehabilitation for neuromuscular diseases are to improve and maintain independence
in mobility. Treatment is best provided by an interdisciplinary team of physicians, nurses,
physical therapists, occupational therapists, speech therapists, psychologists and social workers.
Outpatient therapies such as physiotherapy, occupational therapy and lopedia are necessary to
maintain existing abilities. Inpatient treatment measures lasting approximately four to six weeks
are strongly recommended to improve latently existing abilities and muscular functions and to
influence the course favorably. Muscle weakness causes the clinical problems of spinal muscular
atrophy. In studies, 12 weeks of moderate resistance training in slowly progressive
neuromuscular disease increased muscle strength by 4% to 20% without adverse effects. In the
same group of patients, training with vigorous resistance for 12 weeks showed no additional
benefit but overload in some patients. Evidence suggests that therapeutic methods vary in
effectiveness for different neuromuscular diseases.



At the end of 2016, an antisense oligonucleotide (ASO) drug was approved in the USA (Spinraza,
active ingredient: nusinersen; manufacturer: Biogen). EU approval followed in 2017. Developer
Adrian R. Krainer of Cold Spring, Harbor Laboratory received the highly endowed Breakthrough
Prize in Life Sciences for it in 2019. The treatment costs $750,000 in the first year and $375,000
in subsequent years. Results initially available for children were confirmed in 2019 for adults up
to age 65. Gene therapy treatments can correct the defect in the SMN1 gene in patients with
spinal muscular atrophy by triggering alternative splicing of the related SMN2 gene, as it then
forms a protein similar to the SMN1 gene product. See also gene therapy for spinal muscular
atrophy. In 2018, Novartis filed for approval of a novel gene therapy. An infusion of AVXS-101 was
said to provide an additional 13 years of life in good health. As with the similarly acting approved
tisagenlecleucel (compound name Kymriah), the price would be payable only if successful. AVXS-
101 (nonproprietary name: Onasemnogene abeparvovec) was approved in the U.S. in 2019 under
the compound name Zolgensma. It is priced at around $2 million for a single dose that is expected
to save lives and avoid expensive follow-up treatments. It is one of the most expensive drugs in
the world per dose.

In conclusion, new therapeutic agents like nusinergen and AVXS-101 are used to treat these
patients with this extremely rare disease successfully with amelioration of motor function. The
drugs are very expensive, health insurance companies must confirm the treatment. In developing
countries payment of these new therapies are mostly not possible. The cure of SMA children
depends therefore from the goodwill of insurance companies, who support to pay the costs for this
extreme expensive therapy.
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