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REZUMAT

DETERMINAREA PURTATORULUI DE DELETIE AL EXONULUI 7
AL GENEI SMN1 PRIN METODA QPCR
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Introducere. Atrofia musculard spinald (SMA) este o boala neuromusculara progresiva mostenitd intr-un mod autozomal
recesiv. Prevalenta SMA in Republica Moldova constituie 8,43 + 0,15: 100000 populatie, care este semnificativ mai mare
decét datele din Orphanet (2,93) si Rusia (0,31-3,91). Frecventa purtatorilor a fost estimata la 1: 40-1: 60. SMA este
cauzatd in 95% din cazuri de deletia exonului 7 al genei SMN1. Daca ambele persoane dintr-un cuplu sunt purtitoare
de aceasta deletie, acest cuplu are riscul de 25 % de a avea un copil afectat. Scopul nostru a fost de a dezvolta un sistem
pentru a detecta deletia homozigota si heterozigotd a exonului 7, SMN1 prin metoda PCR in timp real.

Materiale si metode. A fost efectuat diagnosticul molecular-genetic pentru identificarea deletiilor in gena SMN1 la 25
de familii moldovenesti: 10 copii afectati si parintii acestora, 20 de persoane din familii cu SMA si alti 30 de pacienti
din grupul de planificare familiala, fira istoric al SMA. Am stabilit un sistem simplu folosind probe de ADN si tehnica
PCR in timp real. Concentratia ADN a fost masuratd prin spectrofotometrie.

Rezultate. Conform curbelor de topire, in familiile cu antecedente de SMA, au fost identificate 9 ADN-uri cu statut
heterozigot al exonului 7, SMN1; 7 ADN cu deletie homozigota a exonului si 12 probe au forma normald. Pentru 22
de persoane din grupul de control al planificarii familiale a fost identificata forma normala homozigota a exonului 7
SMN1, iar pentru 8 persoane s-a determinat statutul heterozigot (5 femei si 3 barbati). Dintre cei care sunt heterozigoti,
2 persoane formeaza acelasi cuplu.

Concluzii. Testul elaborat este eficient pentru diagnosticul deletiilor exonului 7, SMN1, fapt confirmat de asocierea
cu rezultatele obtinute prin standardul de aur PCR-RFLP. Plus el adidugd posibilitatea de a identifica si purtétorii
heterozigoti ai deletiilor exonului 7 ai SMN1. In ciuda limitarilor, testul poate fi folosit ca instrument de identificare a
celor mai frecvent intilnite deletii cauzatoare de SMA.

PE3IOME
OIIPEJETEHVE HOCUTEA JEJTEOVIN 7 9K30HA TEHA SMN1 METOJJOM QPCR

KnroueBble cnoBa: Mo/eKynsApHas reHeTUKa, AMarHoctuka, I[P nocutennbcrso, ckpuauHr, CMA.

Bsedenue. CrunanbHas MbliedHas arpo¢us (CMA) - mporpeccupyioiee HepBHO-MblLIeYHOe 3aboeBaHue,
Hac/efyeMoe 10 ayTOCOMHO-pelieccuBHOMY Tumy. Pacipoctpanennocte CMA B Pecniy6nke MonfoBa cocTaBiseT
8,43 + 0,15 na 100 000 HaceneHus, YTO 3HAUYUTENbHO Bbllle AaHHbIX Orphanet (2,93) u Poccun (0,31-3,91). HacroTa
HOCUTENIbCTBA OlleHMBanach Kak 1: 40-1: 60. B 95% cnyuyaes CMA BbI3bIBaeTcA fieneniyeit 7 3k3oHa reHa SMN1. Ecnn
oba JesoBeKa B ITape reTepO3UIOTHBI, PUCK POX/eHNUA 6ONbHOrO pebeHKa y 9Toil mapel coctasisaeT 25%. Harueir
L[ebI0 OBUTO paspaboTaTh CUCTEMY A/sl OOHAPY)KEeHMsI TOMOSUTOTHON M TeTePO3UTOTHON HOCUTENBCTBO HeIeLy
sk3o0Ha 7, SMN1, c nomompio [P B peanbHOM BpeMeHN.

Mamepuanvt u memoov.. MoneKyIApHO-TeHeTHYeCKas AMAaTHOCTMKA J/IA BBLAB/ICHUA fenennii B reHe SMN1 6bu1a
NpOBefieHa B 25 MONABCKUX ceMbAx: 10 60mpubIx CMA 1 20 ponurene 60/1bHBIX HeTell U eie 30 MaleHToB U3
TPYIIIBI ITaHNpPOBaHNA ceMby 6e3 CMA B aHaMHe3e. MBI CO3/janmu MPOCTYIO CUCTEMY, MCTIONb3yA TexHuKy IILIP B
peanbHoM BpeMenu u o6pasubl JTHK. Konuenrpauuio JHK usmepsnm cnekrpodoToMeTpUIecK.
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Ionyuennvie pesynvmamut. COrIACHO KPUBBIM IIaBJIEHNs, B CeMbsiX ¢ uctopueit SMA 6b110 upeHTUPUIMPOBAHO
9 OHK ¢ reTepo3uroTHbIM cTaTycoM 3k30Ha 7, SMN1; 7 THK ¢ roMo3uroTHoIt fenmerueit sk30Ha 1 12 06pas1ios
MMeIOT HOPMa/IbHYI0 popMy. Y 22 de/I0BeK B KOHTPOJIbHOII TPYIIIle ITAaHVPOBAHNS CeMb ObUIa MAeHTU(DULINPOBaHA
HOpPMaJjIbHast TOMOSUTOTHast popMa 9Kk30Ha 7 SMN1, a y 8 4e/toBeK OIpee/ieH re TepO3SUTOTHBII CTaTyC (5 XEHIINH I
3 My>kunHbl). VI3 TeX, KTO SB/IS€TCS TeTePO3UTOTHBIM HOCUTEIIAM, 2 Ye/IOBeKa 00pasyioT OfHY mapy.

Buisoobt. PaspaboraHHbll TecT 9¢(eKTUBEH IIA OMATHOCTMKM felennmii sk3oHa 7, SMNI1, 4To mopTBepxaeTcs
acconyanyeil ¢ pesynabTaTaMy, MOTYYeHHBIMM C ToMolibio 3o1motoro crangapra ITHP-IIIP®. Kpome Ttoro, on
I06aB/IAeT BO3SMOXKHOCTD OBICTPOTO BBLABIIEHNS TeTEePO3UTOTHBIX HOCUTENeN fienenuit sk3oHa 7 SMN1. Hecmotps
Ha OTpaHMYeHM, TeCT MOKHO MCIIONb30BaTh KaK JMArHOCTUYECKNUII MHCTPYMEHT /1A BbIABJIEHNE YaCcTBIX JleIeInit,

BbI3bIBapoIX CMA.

Keywords: molecular genetics, diagnosis, deletion,
qPCR, carrier, screening, SMA.

Introduction. Spinal muscular atrophy (SMA) is a
progressive neuromuscular disease inherited in an
autosomal recessive way. Spinal muscular atrophy disorder
is characterized by degeneration of motor neurons of the
spinal cord leading to progressive muscular weakness
[1]. SMA cause most common genetic infant mortality
with the incidence of 1 in 6,000-10,000 live births [2].
The carrier frequency for the disease was estimated at
1:40-1:60 with some variations among different ethnic
groups[3]. The prevalence of SMA in the Republic of
Moldova constitutes 8.43 +0,15:100000 population which
is significantly higher than the data from Orphanet (2,93)
and Russia (0,31- 3,91)[4]. SMA is linked to the 5q13
locus in 95% of patients, and in at least 98% of them,
the SMNI homozygous deletion is found [11]. If both
persons in a couple are carriers, they have a 1-in-4 chance
of having a child with disease [1].

SMA is classified into five clinical types (0-IV). Type 0
SMA presents with severe weakness, hypotonia, and
respiratory distress at birth [1]. Type I SMA (Werdnig-
Hoffmann disease) presents before 6 months of age with
profound hypotonia, symmetrical flaccid paralysis, and
no control of head movement [5]. Type II SMA presents
between 7 and 18 months of age, and although most
individuals can initially sit unaided, none can walk. Type
IIT SMA (Kugel-Welander disease) presents after 18
months of age with considerable disease heterogeneity[6].
Type IV SMA presents as minor muscle weakness in the
second or third decade of life[7],[8].

SMA is caused by mutations in the SMNI gene (OMIM
600354) located in the telomeric region of chromosome
5q13[9],[10]. Because SMA is one of the most common
lethal genetic disorders, with a carrier frequency of 1/40
to 1/60[15], direct carrier testing has been beneficial to
many families with affected children. Currently, only
individuals with a family history of SMA are routinely
being offered carrier testing. The goal of population
based SMA carrier screening is to identify couples at risk
for having a child with SMA. Since 2016 new therapies
have advanced in clinical trials for treatment of SMA and
the Food and Drug Administration (FDA) has approved
the only treatment for SMA which is called Spinraza
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(Nusinersen). Later in 2019, a second treatment called
Zolgensma (based on SMNI-gene therapy) has been
approved by regulatory agencies in multiple countries.
For an early diagnosis and the initiation of treatment,
newborn screening or carrier screening may be useful,
and they are feasible because most of the patients lack
SMNT [13],[17],[18].

Aim. Our aim was to develop a system based on real time
polymerase chain reaction (qQPCR) technique to detect
homozygous and heterozygous SMNI exon 7 deletion.

Materials and methods. The adult patients and parents
of all children gave written informed consent to the
diagnostic procedures. Molecular testing for deletion in
the SMN1 gene was performed in 25 Moldavian families
including: 10 affected individuals and their parents, 20
persons, from families with SMA, and 30 other patients
from the family planning group, without historic of SMA.
We have established a simple system using ADN samples
and real-time PCR technique. The DNA concentration
was measured by spectrophotometer. Primers were
diagnosed to identify exon 7 of the SMNI gene and
primers to identify exon 12 of ALB. Albumin (ALB, a
housekeeping gene) was used as an internal control of the
presence of the amplification process. Previously, samples
from families with SMA history that are included in this
study were diagnosed for homozygous deletion of exon 7
SMN1 by PCR-RFLP method.

Results and discussions. For most of DNA samples,
amplification occurred for both: exon 12, ALB and exon
7, SMNL1, only for 2 probes of DNAs the reaction did not
take place. According to the melting curves (Fig. 1), in
families with history of SMA, were identified 9 DNAs
with heterozygous status of 7 exon, SMN1; 7 DNA with
homozygous exon deletion and 12 samples have the
wild form of 7 exon of SMNI. For 22 people from family
planning control group was identified the exon 7 SMN1
homozygous wild form, and for 8 persons was determined
heterozygous status (5 women and 3 men). Among those
who are heterozygous, 2 people form the same couple.

SMA affects individuals of all ethnicities. The molecular
diagnosis of the SMA consists of the detection of the
absence of exon 7 of the SMNI gene. The homozygous
absence of detectable SMNI in SMA patients is being
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used as a powerful diagnostic test for SMA[14]. Although
the targeted mutation analysis trough PCR RFLP has an
excellent sensitivity of approximately 95% in identifying
affected homozygote’s, it cannot detect SMA carriers who
have heterozygous deletions of SMNI. Preconception
carrier screening allows carrier couples to consider the
fullest range of reproductive options[16].

Melt Curve
[ \
Atgexa2f \
/
/
180200 & / ‘
; frorma eX7SMN
f \-'I’v,
1400200, ! ( iI
7™\ 11
a1
— dul.m.nmn/ \ ’ i |‘
= / \ ! ‘ |
i / A I
£y / \ | |
2 o / | il
& / \ I |
§ i I [
g oo /, /““\\ \\ ) ! i{ i
/N
/ / ‘ \\\.) H
O e Enmemanas (AL
/ y y { |
N f\ 1
/ [ ) 11
etex7 |/ | \ H
o, smny |/ \ i
/ \ \
T \L
+H St

Fig. 1. Melt curve profile for each status of SMN1 7
exon, and ALB 12 exon profile

The choice to have a SMA carrier test should be made
by an informed decision[19],[20]. It is important for
couples to understand the type and need of testing[21].
Because SMA is the result of a common single deletion
event in 95% of the cases, the carrier test is sensitive
(~90% detection rate). However, the molecular testing
does not identify all carriers and therefore false-negative
can occur[12]. Approximately 5% of affected patients
are compound heterozygotes, exhibiting a deletion and
a point mutation[14],[22]. It is well known that a false-
negative result in SMA carriers occurs when the carrier
has two SMNI genes in cis on the one chromosome 5.
Further, approximately 2% of affected individuals have
a de novo mutation[23],[24]. The PCR-RFLP test does
not detect heterozygous SMNI loss and cannot be used
for identifying healthy carriers. The test developed by us
offers the possibility to determine the deletion carriers
of exon 7, SMNI. In our study, people from general
population group, that form seven couples do not carry
a deletion of exon 7, SMNI, this assumes that they have
2 copies of the SMN1 gene. The finding of normal two
SMNI1 copy dosage significantly reduces the risk of being
a carrier; however, there is still a residual risk of being a
carrier and subsequently a small recurrence risk of future
affected offspring for individuals with 2 SMNI gene
copies. One couple with no family history of SMA from
this control group was identified as carrier with a 25%
risk to have an affected child. Also, other 6 samples were
identified to carry a deletion. This people have 95 % of
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possibility to have a child without SMA in couples that
they form now. Among individuals with a family history
of SMA, trough PCR-RFLP method was identified that all
children have homozygous deletion of exon 7, SMNI. Our
system, using qPCR, melting curve program, to detect
heterozygous SMNI exon 7 deletion was established that
for approximatively 50 % of this families, the cause of
disease was carrier parents. It should be noted that the
test developed cannot determine the status of carriers
of genotype “2 + 0”. Thus, of the remaining percentage,
some families with affected children could carry this
genotype. Another cause of the presence of the sick child
in the family, and the parents are determined not to be
carrier of exon 7 deletion, may be the de novo mutation
in the children, or they inherited in a compound way
some point mutations from the parents.

Conclusion. The developed test is effective for the
diagnosis of deletions of exon 7, SMN1, fact confirmed
by the association with the results obtained by the gold
standard PCR-RFLP (polymerase chain reaction -
restriction fragment length polymorphism). In addition,
he added the possibility to identify the heterozygous
carriers of deletions of exon 7 of SMNI. Despite the
limitations, the test can be used as a tool to identify the
most common deletions that cause SMA.
Considering the presence of treatment, the diagnosis
as soon as possible is needed and QPCR is an effective
method for:

o prenatal for families in which the history of SMA is

already present,
o for the family planning process (carrier screening),
« for newborns (newborn screening).
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