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Spinal Muscular Atrophy (SMA) is a neuromuscular disease due to degeneration of the anterior horn cells of the spinal
cord. The estimated incidence of SMA is 1:6,000-1:10,000. The complete deletion of exon 7 of the SMNI gene is the
hallmark of 95-98% of SMA patients in most population. The first line of investigation for a child or young adult patient
suspected to have SMA should be Multiplex ligation-dependent probe amplification (MLPA) testing for homozygous
deletion of exons 7 and exon 8 in the SMNI gene. In this paper, we report the results of SMN 1 exon 7 deletion tests in
children who attended the Genetic clinic of a tertiary care hospital in Kerala with one or more of the symptoms especially
floppy infants, hypotonia, muscle weakness, tongue fasiculations etc. SMNI exon 7 and exon 8 deletion was confirmed in
58% cases (19) of the total 33 hypotonia patients. SMA Type I, Type II and Type III were 68.4% (13), 21% (4) and 10.5%
(2) respectively among the SMA positive cases. Carrier testing of the non-consanguineous parents showed that all parents
were heterozygous carriers. Until 2016, the treatment for this disease was supportive only. Recently Nusinersen, Zolgensma
and Risdiplam have become available for SMA patients. The carrier testing in parents with previous SMA child history is
essential for the implementation of prenatal diagnosis of this disorder in future pregnancies. The paper emphasizes the

importance of this rare neuromuscular disease.
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Hypotonia is caused by variety of disorders like
spinal muscular atrophy, central nervous system
disorders, muscular dystrophy or Prader-Willi
syndrome'. Spinal muscular atrophy (SMA)
(classified as SMA 1, II and III, each successively
milder and have a later age of onset) is due to
involvement of anterior horn cell due to genetic
mutation in the SMNI gene and inherited as
autosomal recessive’. The overall prevalence of this
genetic condition is about 1 in 6000 to 1 in 10,000
newborns and carrier frequency of most population
is 1 in 40 to 1 in 60°. SMNI and SMN2 are the two
genes which play a pivotal role in SMA. These two
genes are highly similar located on long arm of
chromosome 5 at telomeric (SMNI) and centromeric
(SMN2) position®. These genes encodes 9 exons and
a critical difference between SMNI and SMN2 is a
single base C to T substitution transition that creates
an exon splicing suppressor in exon 7 of SMN2,
hence SMN2 is translated much less in to a
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functional SMN protein’. So SMN2 cannot
compensate for SMNI which is the determinant
factor in SMA, but the increased SMN2 copies may
alter the severity of the SMA condition. The
homozygous deletion of exon 7 of the SMNI gene is
the hallmark of 95-98% of SMA patients in most
population®. Inactive SMNI gene due to point
mutation or a deletion of exons 1-6 was also rarely
reported’. Genetic testing for confirmation of the
diagnosis and further quantification of the number of
alleles of SMN2 to identify the severity of the
disorder is important for genetic counselling,
prognostication and to consider the various new
molecular therapies in patients with SMA®’,

The first line of investigation for a child or young
adult patient suspected to have SMA should
beMultiplex ligation-dependent probe amplification
(MLPA) testing for homozygous deletion of exon 7
and exon 8 in the SMNI gene. The same test can be
used to quantify the number of alleles in SMN2 gene
which will help to predict the severity of SMA as
Type I, II or III'. Since diagnosis of SMA is
important in any person with hypotonia, we studied
the prevalence of SMA diagnosis by genetic testing
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(MLPA for exon 7 and exon 8 deletion) in a cohort of
patients with hypotonia attended in genetic clinic in a
tertiary care hospital in Kerala.

Materials and Methods
Study participants and methods

This prospective study was conducted at a tertiary
care hospital in Kerala which serves as a referral
centre for most of South Kerala and adjoining districts
of Tamil Nadu. A total of 33 infants in the age range
of 1 month to 13 years of age who attended the
genetic clinic with phenotypic feature of hypotonia
with suspicion of smuscular atrophy during the period
2016-2021 were included in the study. The female-
male ratio was 6:5. All patients underwent clinical
genetics evaluation, and the relevant clinical
information was collected in a proforma. The parents
of the participants were all non-consanguineous
couple. Carrier testing was performed in parents of
SMA positive cases. 2 mL of blood sample in an
EDTA vacutainer was collected from the children
after taking consent from the parent/care taker for
genetic testing. The Institutional Ethical Committee
clearance [HEC.No0.02/35/2020/MCT] was obtained
for the study.

MLPA assay for the molecular diagnosis of SMA
was performed in a thermal cycler using a kit
(SALSA MLPA Kit; MRC Holland, Amsterdam,
Netherlands). The kit contains specific probes for
SMNI and SMN2 genes''. Due to this specific probe
set, MLPA assay for the SMA critical region is able to
detect the copy number of both SMN/ and SMN2
genes. After amplification, fragment separation was
done by capillary electrophoresis and analysed by
Coffalyser.net'*". Both homozygous and
heterozygous SMNI deletions and assessment of
SMN?2 copy number was documented.

Results

A total of 33 cases were done genetic testing for
SMA. Homozygous exon 7 deletion (with or without
exon 8) in SMNI gene was identified in 58% of cases
(19/33) which confirmed a diagnosis of spinal
muscular atrophy [SMN1 (Exon7:0, Exon 8:0)]
(Fig. 1). The SMA positive cases were 10 male and 9
female cases. Among 19 SMA patients, 13 patients
were classified as Type I based on the onset of the
weakness and its severity, and all of them had only 2
or less copies of exon 7/exon 8 in SMN2 gene. In our
cohort 4/19 (21%) was Type II SMA and 2/19

(10.5%) was Type III based on clinical phenotype and
SMN2 gene copy numbers (more than 2 copies).
Carrier screening detected the heterozygous deletion
of exon 7 and exon 8 of SMNI gene in the parents of
SMA positive cases. All patients with SMA had other
characteristic features like decreased movement of
lower limbs, absent deep tendon reflexes, tongue
fasciculation and normal cognitive function for their
age. The negative cases were further evaluated as per
protocol with other genetic testing and diagnosed with
conditions like congenital muscular dystrophies,
Prader-Willi  syndrome, myotonic  dystrophy,
congenital disorders of glycosylation, and pompe
disease. For the 13 SMA Type I patients, no definitive
treatment was given to 10 patients, and they
succumbed to death within 18 months of age. Three
patients had some form of therapy like Zolgensma or
Risdiplam and they are under supportive care. The life
expectancy of Type I SMA without any treatment is
under two years and new molecular treatment will
definitely prevent mortality and life threatening
events'*.Four Type II SMA patients were on regular
Risdiplam medication. SMA Type III, mildest form
with late onset, in two cases in the age group of 16-18
were facing difficulty in getting stairs and get up from
squatting position. They are under physiotherapy
follow-up.

Discussion

SMA is a common neurodegenerative disorder and
SMA type I was the most common type and Type IV
is the milder form of SMA. Since SMA is inherited as
autosomal recessive disorder, we expect a significant
proportion of families with consanguinity. The
reported consanguinity for SMA in the earlier studies
ranged between 38.9% and 49%. High prevalence of
SMA has been reported in Iran, Egypt, and Saudi
Arabia where consanguineous marriage rates are
high". However among our diagnosed cases of SMA,
no family gives a history of consanguinity. Carrier
testing of the parents showed that all parents were
heterozygous carriers. In Kerala, the frequency of
consanguineous marriages is very low and one type of
preferred marriage of the Dravidian marriage system
uncle niece marriage is conspicuously absent. In the
other states of South India, consanguinity and the
coefficient of inbreeding are high'’. Carrier frequency
in north India is 1 in 30 to 1 in 38'”.This higher carrier
frequencies in population may be the reason most of
the cases are born to non-consanguineous parents.
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ambulates and develop respiratory involvement that
usually requires the use of non-invasive ventilation
as severe scoliosis and joint contractures'’. Among

before adulthood and orthopedic complications such

SMA II shows a milder course with onset between
6 and 18 months. Patients are able to sit, but never

This shows the importance of population screening
programme to detect the carriers as a preventive strategy'*.

Fig. 1 — Coffalyzer ratio plot showing (A) SMA negative (normal ratio: 0.80<DQ<1.20) (B) SMA carrier (heterozygous deletion ratio:

0.40<DQ< 0.65) (C) SMA positive (homozygous deletion ratio: DQ= 0)
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the four SMA type II cases, one who diagnosed with
Type Il SMA at 3 years had frequent respiratory distress,
hand tremors and muscle weakness was under
respiratory support and the other three were under
medication. SMA Type III, mildest form with late onset,
in two cases in the age group of 16-18 were facing
difficulty in getting stairs and get up from squatting
position. They are under physiotherapy follow-up.

Currently there is no available complete cure for
SMA; one possible intervention could be to reduce
the consanguinity by educating the population. Even
the non-consanguineous parents are even at the risk of
having SMA Child; carrier testing for SMA should be
effectively implemented in society for the
management of SMA®. SMA patients require a
multidisciplinary  supportive approach including
respiratory, orthopedic, psychological, physio- and
speech-therapist and nutritional care for their
rehabilitation®'.

Recently Nusinersen (2016), the gene replacement
by Onasemnogene abeparvovec (Zolgensma), (2019)
and Risdiplam (2020) have become available for
SMA patients®.The new therapeutic options have
brought about financial challenges for the SMA
community. Nusinersen, the first approved drug for
SMA is an oligonucleotide administered in the central
nervous system (CNS) using intrathecal injection has
the role to increasing the expression of the survival
motor neuron protein. Of the four initial loading
doses; the first three loading doses are given at 14-day
intervals, while the fourth loading dose is given 30
days after the third. After that, a maintenance dose is
given every four month”. Risdiplam which is
administred through orally is a small molecule that
modulates SMN2 gene  splicing. The  unique
specificity of binding two sites in SMN2 pre-mRNA
5" splice site (5'ss) of intron 7 and exonic splicing
enhancer 2 (ESE2) in exon 7 increases levels of full-
length SMN mRNA  and protein®.  SMNI gene
replacement therapy by Onasemnogene abeparvovec
through one-time injection was approved by the FDA
in May 2019 to treat children less than 2 years of age
with mutations in the SMNIgene. This uses a non-
replicating adeno-associated virus capsid (scAAV9)
to efficiently deliver wild-type SMNI gene to motor
neuron cells. This can cross the brain blood barrier,
produces a sustained expression of SMN protein®*.
The main advantage of this therapeutic option is that a
one-time injection is needed, but the high cost is a
barrier for the patients.

Conclusion

SMNI gene homozygous deletion of exon 7 and
exon 8 was the most common genetic deletion found
in this study. A total of 33 cases were undergone
genetic testing for SMA, 58% of cases were identified
with homozygous exon 7 and exon 8 deletion and
were confirmed as SMA. With the advent of
molecular biology techniques, SMN gene deletion
studies have become the first line of investigation for
confirmation of a clinical diagnosis of SMA. With the
availability of genetic testing it is now possible to
diagnose these children early so that appropriate
counseling can be given to the family on the risk of
future pregnancies. The carrier testing in parents with
previous SMA child history is essential for the
implementation of prenatal diagnosis for early
detection, effective control and management of this
disorder in future pregnancies. Antenatal diagnosis is
also possible by the early identification through
genetic testing.
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