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Spinal muscular afrophy (SMA) Is the second most common fatal disease of chidhood with autosomal
dominant mode of inheritance, and in s less severe form the third most common neuromuscular disease
:Jf childhood after Duchenne muscular dystrophy. The genetic defect was found 1o be on the long arm

chromosome 5 (5g11.2-g13.3) where many genes and microsatellife markers were missing. One of the
most important genes is the Survival Motor Neuron (SMN) gene which is ho omozygously missing in 90% of
SMA patients. Another important gene, the Neuronal Apoptosis Inhibifory Protein (NAIP) gene was found
o be defective in 67% of SMA type | patlents. Studies so far suggest SMA occurs when the genes on the
long arm of chremosome 5 are mutated or deleted. Recently our hospitol encountered 2 SMA patients of
type L and il respectively. These patients both had homozy gously defective SMN genes but infact NAIP
genes. We are reporting these cases with bibliographic review and discussion, Korean SMA oatients

i~

sumably have defects in

SMIN genes similar To those found in Coucasian patients, although the

siginificance of NAIP genes remains 1o be esfablished. SMN gene defecis con be eqsily diognosed using
PCR and restriction enzymes, and this method could be applied fowards convenient prenatal diagnosis

ond towards screening for fomily members ot risk.
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METHOD

SMN gene is known to have a highly homogeneous copy
gene in the centromeric region (Fig. 1). This gene is intact in
95.5% of normal subjects, and could complicate the inter-
pretation of the test results. The two genes differ by only 5
base-pairs, 2 of which exist on exon 7 and 8. In exon 8, this
single base-pair variation creates a cleavage site on the copy
gene for Ddel restriction enzyme. The authors examined the
banding patterns after PCR and restriction enzyme treatment.
Exon & of SMN copy gene has a cleavage site for Ddel
whereas SMN'® gene does not, so the banding patiern can
easily differentiate the genes. In exon 7 no specific restriction
site existed, so we employed mismatch priming method to
create a restriction site on the copy gene for Dral. The primers
used 1o amplify exon 8 were 5-GTAATAACCAAATGCAATG
TGAA-3' and 5-CTACAACACCCTTCTCACAG-3'. The PCR
product was cleaved using Ddel and was electrophoresed
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on 4% metaphor agarose gel. The primers for exon 7 were
infron 6 primer 5-AGACTATCAACTTAATTTCTGATCA-Z and
mismatch primer 5-CCTTCCTTCTTITTTGATTTTGTTT-3. POR
was carried out 35 times at 94°C for 1 min, 57°C for 1 min,
72°C for 2 min. The amplified product was cleaved 1 JUSing
Dral and was f—*e@fs’mh@ esed on 4% metaphor agaro
gel.

NAIP gene presence can be tested by amplifyi ng exon
5 using PCR. The g} imers used were 5-ATATAGGTARAC/
GGACAAGG-3 and 5-TGGEGAACCATTTGGCATG-Y. POR
was carried out 30 times, at 94°C for 1 min, 57°C for 1 min,
72°C for 2 min.

RESULTS

The experiment design involved 2 patients and 3 normal
subjects. Norma! subjects had 3 bands for exon 8 after
cleavage; one for the SMN'™ gene, and two for the frac gmenis
of the copy gene. However, the patients displayed only 2
small bands for the fragments of the copy gene. Fig.
shows these results, demonstrating that both patient 1 and
2 have SMN'"® gene defects: The bandi ing patterns for exon
7 draw sirilar conclusions, Normal subjects have one 187bp
and cther smaller PCR products, whereas the patients have
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Fig. 1. Condidate genes for SMA lie in an Inverted duplication
sponning 500k on 5g13.

only the smaller PCR pruducts (Fig. 2B). We concluded that
the copy gene was intact but the SMNtel gene was defective
in the patienis.

PCR of exon 5 of NAIP gene amplified the genes in both
the patient and normal control groups, showing that NAIP
gene was not defective in the patienis.

DISCUSSION

SMN is a clinically and genetically heterogenscus group
of diseases caused by loss or degeneration of anterior horn
celis and brainstern nuclel, and resulting in symmelric muscular
weakness. Sensory neurons and upper motor neurons are
not affected. We do not as yet know the exact mechanism

by which the disease develops and no definitive treatment
is available, so genetic Ceum@éimg and determination of
prognosis is clinically very imporiant. Classification of SMA
is based on age of onset, savariiyi main lesions, and mode
of inheritance, although the lack of biochemical and genetic
data raises mm doubd as to its validity. Recent deveiopments
in molecular biclogy has enabled us o accurately di
this disease bzf studying SMN gemes on chromosome 5.
SMA has two "“ﬁ{}cﬂ% of inheritance, AD and AR, but AD
form is very rare and clinical fii&ﬁ'incﬂon > often difficult. The
most severe type | cases have an incidences rate of 1 child in
10,000-25,000, whereas type It and il each strike about 1
child in 25,000-83,000. Assuming that all AR form of SMA
have an incidence rate of 1 in 10,000, this disease is a
refatively common disease with a carrier rate of 1 in 50, AR
form of SMA is a disease claiming many lives in early ¢hild-
hood and genetic counselling is essential. Diagnostic criteria
for SMA, which was laid out at the 1980 International SMA
consorfium, include age of onsel, severity (course, age of
death}, muscle weakening pattern, other accompanied
symptoms, and mode of inheritance (Table 1). Classification
of SMA is shown in table 2. Genetic diagnosis would be
helpful in patients with anterior hom cell diseases that do not
meet the criteria for typical SMA, Prenatal diagosis would
also be useful considering the severity of the disease, and i

jnose

Table 1. Diagnostic Criteria of Proximal Spinal Muscular Atrophy {international SMA Consortium)

Inclusion Criteria

Excl

usion Criteria

Symmetric muscle weakness of trunk and limbs
Proximal muscle > distal

Lower imbs > upper limbs

Fasciculations of tongue, tremor of hands
Neurogenic changes in EMG and muscle biopsy

involvement of exitraccular muscles,
Marked facial weakness

CNS dysfunction

Arthrogryposis

CK activ

diaphargm and myocardium

ity > 10 times the upper normal limit

FReduction of motor nerve conduction
velocities =70% of lower normal limit or
abnormat sensory nerve action polentials

A  SMN Exon 8

12 3456 7

B SMNExon7
12 3 4586 7

Fig. 2. Demonstrafion of SMN gene del
SMIA patients by presence or absen
prochucts. A, Exon 8§ amplificat
I d m CM{Q? lone 2 rorim I

Ddial, §5 E(Oﬁ 7 O“ﬁmfha‘i} tane 1,s
marker; lone 2, control individudl; lane
individuai ngfeu W 1”“ Dro‘ lane 4, {‘ ;
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Table 2. Classification of Proximal Spinal Muscular Atrophy

SMA Type Principal Synonyms

Definition

Genetics

i Werdnig-Hoffmann disease
Acute infantile SMA

Sitting not achieved
Onset usually within the first 6 months

Autosomal recessive

Death » 90% by 10 years

i Chronic childhood SMA
Arrested Werdnig-Hoffmann disease
intermediate SMA

il Kugelberg-Welander disease
Juvenile SMA

Walking without aids achieved
Ha:Onset < 3yr;iilb:Onset > 3yr

Unaided sitting possible, walking not achieved  Autosomal recessive
Onset usually in the first year of life
Survival » 80% by 10 years

Autosomal recessive in at least 80%
Autosomal dominant mutations in-20%(?)

Mild course, life span not markedly reduced

Y Adult SMA Onset > 30vears

Variable severily, normal life span

Autosomal dominant in-70%
Autosomal recessive in-30%

SMN gene defect is found, linkage analysis guarantees 90%
accuracy of diagnosis,

Since Austrian neurologist Guide Werdnig first reporied
SMA cases in 1891, and 2 vears later German neurologist
Johann Hoffmann reported 4 more cases, research has
shown that the genetic defect is on the lfong arm of
chromosome 5, where many microsatellite markers and
genes were defective. The most siginificant of these defects
were homozygous SMN and NAIP deletion

95% of type | SMA, the severest form, had defects
exon 7 and 8. 94% and 82% of type i, il respactively had
the defects, and type 1V patients have aisa been reported 1o
have the defects. NAIP gene defecls were found in 48-67%,
17-18%, 7% of type |, 1, ll respectively. However, SMN gene
defects are not found in at least 5% of patients clinically
diagnosed as definite SMA type |, and in 10-20% of patients

diagnosed as type il patients. Very few of these palients
showed point mutations and it is suspected that others genes
are also associated with the disease.

SMN gene is repeated in inverted position along 500kb

]
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Fig. 3. Demonstration of NAIP
gene in SMA patients, Exon & was
amplified. Lane 1, standard
marker; lane 2, control individual;
lane 3, potient-1; lane 4, patient-2.

area on 5q13 (Fig. 1), and mostly exist as 2 identical copies
SMN gene is close to the telomere (SMN'®) whersas the
copy gene is in the centromeric region. The two genes differ
byonly b b&se pairs, resulling in no structural change in the
resulting protein. 80% of patients have defects in exon 7 and
8 of SMN®' but 2-3% of normal person also display these
defects, so the true SMA gene remains elusive. 1t is cleas
that single gene defect cannot compeletely account for this
disease. The exact function of SMN'™® gene also need 1o be
investigated.

NAIFP gene is located in close proximity to the SMN gene,
and is repeated in the 5g13 region. NAIP gene defects can
easily be determined by PCR of exon 5, 46-67% and 18% of
type | and type Wil patients had these defects respectively. A
recent experiment suggests that NAIP inhibits motor nauron
apoptosis by acting as a negative regulalor, and any dafect
contributes to the SMA phenotype. In addition NAIP has
some homogeneity with baculoviral gene product, This viral
inhibitor of apoptosis protein(lAP) prevernts infected insect
cells from Killing themselves, and act as a first line of defense
against viral attacks. The discovery gave rise to a siginificant
amount in interest in the apoptosis mechanism in E}i\,;A
patients. A very baffling question concerns many asympmw
matic parents of SMA patients who had NAIP gene defact
Theae parenis are thought to be protected by “mﬁeudmmm

AlR gene defect frequency is likely 10 be higher than
epcﬂed because truncated copies of the gene exist (Table
3).

Further studies should reveal which of the two genes
are direclly related to this disease. Other studies suggest
the possibility of multiple copy genes instead of one for SMN
and NAIP. NAIP gene does not have a poly-A 1ail at 3-end
and it is possible that this affects the franscription of SMN
genes. At this stage, both genes are very important in under-
standing SMA. i is alse hypothesized that SMN gene defect
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Tahle 3. Two candidate genes for spinal muscular atrophy: pros and cons

Gene FPro

Con

SMN - 83% of pis have no detectable copy
- Partial deletion in some pis

- Normal siblings with no deteclable copy
- A second copy of SMN exists, is expressed

in tissues examined, and has no discernible
influence on manifestation or disease

- Some pis have disabling point
mutations within coding region

- No correlation between grades of disease
severity and all-or-nothing deletion mutation

- Other 5g-related markers frequently deleted
in SMA chromosomes
- Intragenic mutations cluster within 5% of gene

NAIP - Full-length form deleted in 45% of
type | SMA, 18% of type 2 SMA
- Biological plausibility in partial
homology 1o insect virus
- Apoptosis-inhibiting protein

- Some asymplomatic parents known with no
getectable full-length copy

- Disabling mutations not yet found in all patients

- Region of gene related to insect virus
apoptosis-inhibiting protein lacks its apparent

functional DNA binding region

is the central eticlogic factor, and NAIP gene is associated
with the severity of the disease. One study showed 58% of
patients had homozygous genetic defects which were also
found in their parents. Part of this gene had the same base-
palr sequence as exon 7 and introns of NAIP gene. These
results appear 1o support the role of NAIF in the pathogenesis
of SMA.

Exact molecular biclogical mechanism of SMA can only
be determined by studying the biological functions of SMN
and NAIP genes. The studies will not only shed light on the
biology of neurons and the development motor neurons, but
also provide ideas on new approaches {o trealing this and
similar diseases.

The authors confirmed SMN gene defects in 2 SMA
patients. Both these patienis did not have NAIP gene defects.
The method emploved by the authors is a relatively simple
procedure and is easily applicable to prenatal and clinical
diagnosis of SMA patients, replacing invasive methods such
as muscle biopsy. Although this was not a large-scale
research, cur studies suggest that Korean SMA patients
probably have SMN gene defects similar to those of their
Caucasian couterparts.
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