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REZUMAT

ATROFIA MUSCULARA SPINALA: NOUTATI SI PERSPECTIVE

Introducere. Atrofia musculara spinald (SMA) este o boald neuromusculara progresivd mostenita recesiv autozomal. Boala
este cauzatd de mutatii care apar in gena SMN1I (Survival Motor Neuron) si se considerd ca severitatea sa este modulata de
gene precum SMN2, NAIP (Proteina Inhibitoare Neoponald) sau GTF2H2 (General Transcription Factor IIH Subunitate 2)

Material si metode. Diagnosticul pentru maladia SMA este disponibil prin diferite metode. Diagnosticul genetic
molecular este efectuat prin PCR-RFLP, dar mai detaliat si considerat ca fiind standard de aur este tehnica MLPA.
Diagnosticul se efectueazé la persoanele care prezinta simptome, dar si inainte de aparitia lor. Astfel, diagnosticul
poate fi pus cit mai curand posibil, de exemplu, prenatal pentru familiile in care s-au nascut deja copii cu SMA, pentru
nou-nascuti (screeningul nou-ndscutului) si chiar in procesul de planificare familiala (screening al purtitorilor).
Diagnosticul diferential al SMA este complicat si necesité luarea in considerare a multor boli cu simptome similare.

Rezultate. In baza de date a Laboratorului sunt inregistrati 131 de pacienti diagnosticati cu SMA. Pani in 2016,
tratamentul pacientilor a inclus doar ingrijire curativa imbunatatind simptomele bolii. Dupéd 2016, Food and Drug
Administration (FDA) a fost aprobat singurul tratament pentru SMA. In prezent, la nivel mondial, se fac eforturi
pentru implementarea screeningului nou-nascutului.

Concluzii. Odati cu reevaluarea criteriilor necesare pentru screening si aprobarea tratamentului, screeningul pentru
aceastd boald devine esential. Diagnosticul precoce poate imbundtati evolutia stirii pacientilor cu SMA.

Cuvinte-cheie: geneticd moleculard, simptome, diagnostic, screening, tratament.
PE3IOME

CIIMHAJIbHAS MBIIIEYHAA ATPO®VA: HOBOCTHU U ITEPCIIEKTMBbBI

Beenenne: CuyHanpHas MbliredHas atpodus (CMA) sB/sieTcst MPOrpecCUpYOLIYM HEPBHO-MBIIIIEYHBIM 3a607Te-
BaHMEM C ayTOCOMHO-PELieCCUBHBIM TUIIOM HacilefoBaHus. 3abojieBaHMe BbI3bIBAeTCs MyTalusMmu B reHe SMNI
(Survival Motor Neuron) u ero TsOKecTb MOAYIUPYeTCs TakuMu TeHamit, Kak SMN2, NAIP (6enox, MHr16ypyommmit
anonrto3 Heiiponos) wm GTF2H2 (cy6penuunuiia 2H obiiero rpaHckpunumonHoro daxropa ITH).

Matepuanbl 1 MeTOfIbI: [JMarHOCTMKA IPOBOAUTBCA PA3IMYHBIMY MeTofaMu. MoneKynApHO-TeHeTndecKas AMarHo-
ctuka nposoputcs MeronoM IIITP-POJIII, Ho 3010THIM cTaHAapTOM ABAAeTcs MeTof, MLPA. JluarHocTuka MO>KeT
IIPOBOAMTDBCA Y MIOfEI, Y KOTOPBIX y)Ke eCTh CUMITOMBI, HO ¥ [0 X HosBneHus. [JInarno3 CMA MoxeT 6bITb TOCTaB-
JIeH TIpeHaTaIbHO B CEMBbX, Ifie yke uMeercs cnydar CMA 1 OCTHATa/IbHO Y HOBOPOXKAEHHBIX (CKPMHMHT HOBO-
POXKIEHHBIX) U y GOBHBIX, @ TAK)Ke B ITPOLiecce ITAHNPOBaHMsI ceMby (CKpUMHMHT HocuTesen). [luddepenunanpaas
puarHoctuka CMA cro)xHa 1 Tpe6yeT pacCMOTpeHMsI MHOTYX 3a60/IeBaHNIT ¢ IOXOXXUMI CUMIITOMaMIA.

PesynbraThl: B 6ase maHHbBIX 1abopaTropuu 3apeructpupoBano 131 manuent ¢ guarnozoM CMA. [To 2016 ropa nede-
HIIe TALIEHTOB BK/II0YAJI0 TOTIbKO le4eOHYI0 IOMOLID /i1 YIyqlIeH)sA CUMITOMOB 3abonesanys. C 2016 roga Yipas-
JIeHMe 10 KOHTPOJIIO 3a MpopyKTamu u nekapcrsamu (FDA) ogobpuino enuucTBenHoe nedeHne CMA (Spinraza). B

HacTosAmee BpEMs BO BCEM MUPE NNPEAIIPMHMMAIOTCA YCUINA 110 BHEAPEHNIO CKPMMHMHIA HOBOPOXXIEHHBIX Ha CMA.

3akmioyenne: [Toce nepeorieHKM HEOOXOAVMMBIX KPUTEPUEB CKPUHIHTA U YTBEPKAEHMS JIeYeHNs] CKPUHIHT Ha 3TO
3a00/IeBaHMe CTAHOBUTCS HEOOXOAVMBIM. PaHHA IMarHocTuKa MO>KeT YIy4IINTb COCTOsIHYE NanyeHToB ¢ CMA.

KnroueBbie cmoBa: MOJIEKY/IApHAA F€HETMKA, CUMIITOMbBI, AMAaTrHOCTNKA, CKPVHVHT, JIEYE€HNIE.
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Introduction.

Spinal muscular atrophy (SMA) is a progressive
neuromuscular disease with autosomal recessive
transmission, characterized by muscle weakness and
atrophy caused by degeneration of motor neurons in the
spinal cord and brainstem nuclei [15]. This hereditary
condition has an incidence of about 1 in 8,43+0,15:100
000 of R. Moldova population [24]. In over 95% of cases,
this disease is caused by abnormalities of the SMNI gene
(Survival Motor Neuron 1), which results in a major
deficiency of the SMNI1 protein.

Cause of SMA. In 1995, the gene involved in the
onset of spinal muscular atrophy was also described.
It encodes a specific neuronal protein, the neuronal
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survival protein (SMN). The disease is caused by
mutations that occur in the SMNI (Survival Motor
Neuron) gene, and its severity is thought to be
modulated by genes such as SMN2, NAIP (Neuronal
Apoptosis Inhibitory Protein) or GTF2H2 (General
Transcription Factor IIH Subunit 2). Expression of
the SMNI gene produces full-length SMN protein,
in contrast, SMN2 expression results in a truncated
version of the polypeptide that lacks 16 amino acids at
the carboxy-terminal end [20].

People with SMA are either homozygous for the deletion
of exon 7 from SMNI (A7 SMNI), or heterozygous
compounds for A7 SMNI and an intragenic mutation
of SMNI. The deletion of the telomeric copy of the SMN

Table 1. Disorders to Consider in the Differential Diagnosis of Spinal Muscular Atrophy (SMA)[14]

Age of Gene(s) or Clinical Features of Differential Diagnosis Disorder
Disorder N MOI
Onset Region Overlapping w/SMA Distinguishing from SMA
X-linked infantile spinal UBA1 xi,  [Hypotonia weakness,|  Multiple congenital contractures,
areflexia intrauterine fractures
SMARDI1 1 IGHMBP2 AR We; 1:1?1 is:)}f esl())l_rzt:)ry Distal predominant weakness,
(OMIM 604320) > WP diaphragmatic paralysis
areflexia
- Many | Hypotonia, feeding . .
Prader-Willi syndrome 15q11.2-q13 factors difficulties Poor respiratory effort is rare.
Myotonic dystrophy type 1 DMPK AD Hypotonia, muscle Marked facial weakness
Conge- weakness
nital to <6 Congenital muscular Many genes AR Hypotonia, muscle CNS, eye involvement, possible
months dystrophy V8 AD weakness increased tone
Zellweger spectrum disorder PEng:;Iel;ly of AR Hypotonia Hepatosplenomegaly, CNS
Congenital myasthenic CHAT, CHRNE AR . Ophthalmoplegia, ptosis, episodic
syndromes COLQ DOK7 AD Hypotonia respiratory failure
GFPT1,RAPSN
Pompe disease GAA AR Hypotonia Cardiomegaly

Other: congenital myopathies, 4 metabolic/mitochondrial myopathies, 5 peripheral neuropathies 6

Proximal muscle

Prominent cranial nerve palsies,

>6 months| Botulism NA NA | weakness, decreased
acute onset
reflexes
Guillain-Barré syndrome NA NA Muscle weakness [Subacute onset, sensory involvement
Duchenne muscular Muscle weakness, [Serum creatine kinase concentration
DMD XL .
dystrophy motor regression 10-20x > normal
Slow progression, progressive
Hexosami-nidase A deficiencyl HEXA AR Lower mptor neuront dyst(?ma, spmf)gerebellar. .
Later disease degeneration, cognitive/psychiatric
child- involvement
hood Fazio-Londe syndrome SLC52A2 AR Progressive bulbar Limited to lower cranial nerves;
SLC52A3 palsy progresses to death in 1-5 years
Monomelic amyotrophy Predominantly cervical; tongue
(OMIM Unknown Muscle weakness | may be affected (rare); other cranial
602440) nerves spared
Other: peripheral neuropathies, 6 muscular dystrophies 7
Kennedy disease AR XL Proximal muscle Gradually progressive;
weakness, muscle gynecomastia, testicular
Adult-
hit(l)(tl AD May begin w/pure Progressive neurodegeneration;
Amyotrophic lateral sclerosis| Many genes 8 AR | lower motor neuron | involves both upper & lower motor
XL signs neurons
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(SMNT) is directly involved in SMA because the absence of
exon 7 or exon 7 and 8 is detectable in more than 95% of the
affected persons regardless of the clinical manifestation. In
patients with mutations, approximately 70-80% of the SMN
gene product is in the form of the truncated protein [21].
Also, in 1995, the NAIP gene that encodes the NAIP
(apoptosis neuronal inhibitory protein) protein was
identified. The deletion of this gene, which is close to the
SMN gene, is associated with SMA, a fact proven by the
presence of homozygous mutations of the NAIP gene in
45% of patients with SMA type I and in 18% of patients
with SMA type II or III [8].

GTF2H2 (General Transcription Factor IIH Subunit 2) is
a Protein Coding gene. Diseases associated with GTF2H2
include Spinal Muscular Atrophy and Cockayne Syndrome.
Types of SMA.

Genetically factors that influence the SMA phenotype are
the number of SMN2 gene copies and a deletion in the
NAIP gene. A higher number of SMN2 copies makes the
clinical symptoms more benign, and the NAIP gene
deletion is associated with a more severe phenotype.
Clinically (Table 1), depending on the age of onset, life
expectancy, distribution of muscular hypotonia and stage
motor development of patients, several phenotypes of
SMA have been described of which the most important
are: acute infant (type SMA) I or Werdnig-Hoffman’s
disease), chronic infant (SMA type II), chronic juvenile
(SMA type III or Kugelberg-Welander disease) and adult
form (SMA type IV) [22]. Alongside these are described:
prenatal form (SMA 0), congenital axonal neuropathy
and spinal muscular atrophy associated with congenital
arthroplasty [14].

AD = autosomal dominant; AR = autosomal recessive;
MOI = mode of inheritance; SMARD = spinal muscular
atrophy with respiratory distress; XL = X-linked

Treatment. Until 2016, treatment of patients included
only curative care improving the symptoms of the disease.
However, since 2016 new therapies have advanced in
clinical trials for diagnosed patients and the Food and
Drug Administration (FDA) has approved the only
treatment for SMA which is called Spinraza (Nusinersen)
that later in 2019 a second treatment called Zolgensma
will be approved [5].

Spinraza Nusinersen is an antisense oligonucleotide
that binds to the pre-mRNA of survival motor neuron
2 (SMN2). It is used for the management of spinal
muscular atrophy for a full range of patients with spinal
muscular atrophy (from disease with infant onset until
later onset) [11].

Zolgensma (AveXis, Inc.) designed to provide a normal
copy of the gene that encodes SMN protein is an adeno-
associated virus (AAV) based on vector gene therapy
indicated for the treatment of patients younger than 2
years of age with spinal muscular atrophy (SMA) caused
by bialelic mutations in the motor neuron 1 survival gene
(SMNT1 ), type I SMA.
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According to the recent reevaluation of the Wilson-
Jungner criteria (2008), SMA may be included in
screening studies [4].

Thus, starting in 2018, pilot studies have been launched in
some European countries (Belgium, England, Germany),
Taiwan, Russia, America, as well as Australia, in some
cases with the implementation of neonatal screening and
heterozygous carriers atrophy to prevent the loss of motor
neurons, just before the onset of symptoms. It should allow
maximum benefit for the people who will develop SMA.

Materials and Methods.

Molecular genetics diagnosis. There is a number of
methods available to screen DNA for SMNI1 deletion or
SMN2 copy number. The standard molecular diagnosis
of SMA is based on a PCR-RFLP test [6], able to detect
homozygous SMNI loss [2; 9].

At present, in Moldova, the genetic molecular diagnosis
is performed in the Laboratory of Human Molecular
Genetics (LGMU) of the IMSP of the Mother and Child
Institute. This involves the study of ADN extracted from
biological samples (blood on anticoagulant) that were
collected from the patients who were consulted. Thus,
the presence or absence of exons 7 and 8 in the SMN1/
SMN2 genes is performed by PCR-RFLP method [24].
For families at-risk (where the birth of a child with
SMA has already been registered) is available prenatal
diagnosis.

Now, in our Laboratory, the optimization of the genetic
molecular diagnosis method through qPCR is being
considered. The parameterization and design of the test
to identify the deletions associated with the SMA will
include the establishment of optimal conditions with the
elaboration of the working algorithm [18]. This test will
be possible to use in the NBS diagnosis.

Results and Discussions.

In the database of laboratory 131 patients diagnosed with
SMA are registered. Respectively for Nr = 40 (30.5%)
deletion of only exon 7 SMNI, for Nr = 23 (17.5%)
deletion of only exon 8 SMNI and for Nr = 68 (52%)
deletion was registered for both exons.

Is very important to quantify the number of copies
of genes SMNI and SMN2. PCR -RFLP test does not
detect heterozygous SMNI loss, and cannot be used for
identifying healthy carriers, which can be checked by
quantitative analysis of SMNI copy number.
Considering that, is required other methods, like
Quantitative PCR and MLPA for diagnosis of SMA.
Multiplex ligation-dependent probe amplification
(MLPA) is a modern quantitative molecular
method. MLPA [19] is considered the gold standard
for diagnosis of SMA. It improves diagnostics by
simultaneously identifying several target sequences in
the SMN1 gene and in nearby genes, the copy number
of both SMNI and SMN2 genes. Thus, trough MLPA
both homozygous and heterozygous SMNI deletions
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or conversions to SMN2, can be detected, allowing the
diagnosis of affected patients or healthy carriers.
Quantitative PCR (qPCR), also known as real-time
PCR, has become a powerful tool for the amplification,
identification, and quantification of nucleic acids. Its
ability to quantitatively and specifically detect genes
has been invaluable for both research and diagnostic
applications [17].

Disease pathogenesis all type of disease is influenced
by NAIP and GTF2H2 gene deletion. High frequency
of NAIP deletion in SMA type 1, is associated to be a
modifier factor in the severity of the disease, that is why
these genes need to be added to the diagnostic routine [6].
The new test based on qPCR that is elaborated in our
institution will facilitate the identification of the causes of
the disease onset and the establishment of heterozygous
carriers in the population.

With the advent of effective pharmacological treatment
for SMA, there is a worldwide discussion about strategies
to identify patients as early as possible. This is especially
so for children with an expected severe form of SMA
who in our view should be treated immediately. This fact
is achievable only with the implementation of neonatal
screening (NBS) for SMA. Since the lack of SMN leads
to an irreversible loss of motor neurons, the timing of
treatment before the onset of symptoms is crucial for a
good outcome. In patients with SMA type 1, about 95%
of motor neurons are lost within the first 6 months of life.
At present, only two of the patients for which a molecular
diagnosis has been made confirming the deletion of
exons 7 and 8 SMNI benefit from Spinraza treatment in
Romania. They addressed for diagnosis at the end of 2019,
after confirming the diagnosis within the LGMU, they
counted the number of copies of the SMIN2 gene by the
MLPA method in another institution. Quantification of the
number of copies of SMN2 s essential for treatment with the
use of Spinraza. Consequently, there is a need for newborn
screening, similar to other treatable inborn diseases. NBS
is possible at a low cost and with a high predictive value
[1], is available by molecular-genetic real-time PCR testing
of DBS (dried blood spot), specific for the homozygous
deletion of exon 7, SMN1 and by MLPA molecular-genetic
testing. NBS assumed to identify 95% of SMA cases, but
this method will omit approx. 5% of SMA cases that do not
have the homozygous deletion of exon 7, SMNI. To reach a
sensitivity of 99.9%, it is necessary: testing and monitoring
for carriers [3], elaboration carrying out level 2 test to
exclude a second pathogenic mutation.

Conclusions. Given the progressive nature of motor
neuron loss, early intervention to prevent motor
neuron loss, even before the onset of symptoms, should
allow maximum benefit for people who will develop
SMA. Results of Germany NBS study pilot [23] show
that newborn screening for SMA, resulting in pre-
symptomatic treatment, can prevent the disease and
partially rescue motor neuron function. Spinal muscular
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atrophy can cause tremendous suffering - physical,
financial, and emotional - to the patient and the family of
the affected individual. Testing of individuals at high risk,
such as those with a family history of SMA, is prudent [13].
This fact will subsequently provide informational, social-
economic and descriptive population support for at-risk
families and those adopting a family planning process.
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