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Spinal muscular atrophy (SMA)is an autosomal recessive disorder, classified into three types. The SMN (sur-
vival motor neuron) gene has been identified as a SMA-determining gene, designated SMNt and SMNc. Al-
though the etiology of SMA is regarded as deletion of SMNt, the severity of clinical symptom is different among

three types, and they show the same deletion of SMINt. In order to elucidate the basis of clinical variation, we ana-
lyzed the DNA and mRNA of the SMN gene in the Japanese 29 SMA patients. A large gene deletion including
SMN and other genes was recognized in severe clinical type. We detected a hybrid gene, the products of gene
conversion from SMNt to SMNc. Hybrid genes were found by a total nine patients, only in type II and III. We

also performed sequence analysis of the cloned RT-PCR products of SMN exons 6, 7 and 8. We obtained telomeric

sequence of exon 7 of one patient. It suggests that sequence conversion replacing SMNc with SMNt may have
occurred at mRNA level in this patient. In conclusion, deletion of the SMNt and the modifier genes made the phe-

notype more severe, and partial gene conversion event was the explanation for the milder phenotype.
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Introduction

Spinal muscular atrophy (SMA) is a frequent
autosomal recessive disorder characterised by de-
generation of lower motor neurons in the anterior
horn of the spinal cord, leading to symmetrical
proximal muscle weakness and atrophy. Affected
individuals are classified into three groups on the
basis of age at onset and disease progression. The
spectrum of severity is broad with classification de-
pending on the ability to sit or stand”™. Type I
SMA (Werdnig-Hoffmann disease) is the most se-
vere form, with clinical onset before the age of 6
months, and patients are never able to sit without
support and rarely live beyond the age of 2 years,
owing to respiratory muscle weakness. Type II
SMA is intermediate in severity. The onset is be-
fore the age of 18 months, and patients can sit but
are unable to stand. Type III SMA (Kugelberg-

Welander disease) is a much milder form, with the
onset after 18 months and patients are able to stand
and walk.

The SMN (survival motor neuron) gene, which
has been identified as a SMA-determining gene, is
located in chromosome 5q13*. This region is charac-
terized by the presence of many duplicated or in-
verted sequences. There are two copies of the SMN
gene, the telomeric copy, SMNt and the centro-
meric copy, SMNc. Both copies contain nine exons,
which encode identical amino acid sequence and
span 20 kb of the genome. The SMN transcript is
17kb and codes for a protein consisting of 294
amino acids. SMNt is distinguished from SMNc by
only five nucleotide differences: one in intron 6, one
in exon 7, two in intron 7 and one in exon 8. The C-
to-T transition in exon 7 is a translationally silent

nucleotide exchange.
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Homozygous deletions of exons 7 and 8 (or only
exon 7) of SMNt were described in up to 95% of
SMA patients? ™", In Japan the figure is lower with
87% of Japanese SMA patients lacking SMNt?*_ In
this region of 5ql3, there are also other modifier
genes for SMA, such as neuronal apoptosis inhibi-
tory protein (NAIP) gene', and small EDRK-rich
factor 1 (SERF1) gene®. Deletions involving these
genes may modify the SMA phenotype.

Although the same deletion of SMINt is found in
nearly all cases of SMA, there is great variation in
the severity of clinical symptoms. It has been sug-
gested that milder phenotypes would be due to a
smaller gene deletion including modifier genes'®™*,
or gene conversion between the two copies of
SMN**~% Tn order to elucidate the basis of clinical
variation in SMA, we analyzed the SMN gene struc-
ture in Japanese SMA patients.

Subjects and Methods

Patients with spinal muscular atrophy

We examined 29 SMA patients (7 type I, 11 type
11 and 11 type HI) and 10 healthy individuals. In-
formed consent was obtained. The diagnosis of
SMA was made in agreement with the criteria es-
tablished by the International SMA Consortium® .
We obtained approval from the Intramural Ethical
Committee as “Genetic analysis of spinal muscular
atrophy patients”. Of the 29 SMA patients, 28 were
Japanese, and one was Japanese-African (the mo-
ther is Japanese and the father is African) (patient
7). There were 12 males and 17 females. The clini-
cal course and findings of the patients are shown in
Table 1. The motor functional level was classified
into ten levels, from level 0 to level 9; level 0 is des-
ignated as no head control, level 1 as feasible head
control, level 2 as being able to sit, level 3 as being
able to sit and turn on buttocks, level 4 as being able
to shuffle on buttocks in sitting position, level 5 as
standing with support, level 6 as walking with sup-
port, level 7 as walking unaided, level 8 as climbing
up stairs without support and level 9 as being able
to run. The maximum motor functional level is the
highest motor function level the patient had ever
reached, and the current motor functional abilities
were the motor functional level at the time of mo-

lecular genetic examination.

Other clinical features were evaluated including
the presence of hypotonia, deep tendon reflex, fas-
ciculation and scoliosis. Serum creatine kinase (CK)
levels were also measured.

Analysis of the SMN, NAIP and SERF1 genes

DNA was isolated from peripheral venous blood
by the phenol-chloroform extraction method. The
polymerase chain reaction (PCR) and restriction en-
zyme digestion were performed using methods pre-
viously described by van der Steege et al® to de-
tect the deletion of SMNt exons 7 and 8. PCR ampli-
fication of the NAIP gene exons 5 and 6 was per-
formed as described”. Using the multi-copy micro-
satellite marker C212" haplotype analysis was per-
formed. None or one C212 allele per chromosome in-
dicated a deletion of SERF1.

RNA preparation and reverse transcription
(RT)-PCR analysis of exons 6, 7 and 8 of the
SMN gene

Peripheral lymphocyte RNA was extracted by
acid guanidinium thiocyanate-phenol-chloroform
method”. One microgram of total RNA was dena-
tured with random primer (9mer) and 4 pl of 25
mM dNTPs (TAKARA, Japan) at 70 C for 3 min.
Four microliter of 5 X reverse transcriptase buffer,
2ulof 0.1 M DTT, M-MLV (Moloney-murine leuke-
mia virus) reverse transcriptase (GIBCO BRL, de-
scribe the state name in USA) and RNase inhibitor
(GIBCO BRL) were added to give a total volume of
20 ul. The reaction was performed at 42 C for 60
min. The single strand cDNAs were amplified with
180 ng each of the exon 6 forward primer, 541C618"
and the exon 8 reverse primer 541C1040”, dANTPs,
Ex Taq Polymerase (Takara, Japan) and Ex Taq
buffer. The reaction conditions consisted of an in-
itial denaturation at 94 C for 7 min, followed by 30
cycles of 94 C for 1 min, 66 C for 1 min, and 72 C
for 2 min. PCR products were analyzed by electro-
phoresis in 3% agarose gels.

The glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene® was amplified as an internal con-
trol to allow analysis and comparison of the SMN
transcripts between samples.
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Detection of a SMN hybrid gene

The presence of a hybrid gene, which results
from gene conversion of exons 7 and 8 in between
SMNt and SMNc, was analysed using PCR and re-
striction enzyme digestion. DNA was amplified
with the primer for intron 6, RV6®, and the primer
for exon 8, 541C1120”. The PCR conditions have
been described elsewhere®. PCR products were di-
gested with Ddel (Roche, Germany) and EcoRV
(Roche) overnight at 37 C and were analyzed in
2.5% agarose gels.

The single stranded cDNAs were analyzed by
PCR amplification and enzyme digestion, using Ddel
and Xmnl (Roche), by the method described® and
were analyzed by electrophoresis in a 4% agarose
gel.

Sequence analysis of the RT-PCR products and
the cloned products of the SMN gene exons 6, 7
and 8

Direct sequencing analysis of the RT-PCR prod-
ucts of SMN exons 6, 7 and 8 was performed. RT-
PCR amplification products were also subcloned
into a TA cloning vector (Promega, describe the
state name in USA) according to the manufac-
turer’s instructions. Ten clones containing the SMN
gene were cultured from each sample, and the
DNA was purified with a plasmid miniprep kit
(QIAGEN, describe the state name in USA). Cycle
sequencing reactions were performed with the Big-
Dye Terminator Reaction Kit (Applied Biosystems,
describe the state name in USA). The products of
cycle sequencing were purified through Centri-Sep
columns (Applied Biosystems). An ABI Prism 310
machine (Applied Biosystems) was used for se-
quencing.

Statistical analysis of the correlation between
clinical severity and the presence of the hybrid
gene

The phenotype-genotype correlation was ana-
lyzed by comparing maximum motor functional
level, onset age and the presence of the hybrid gene
between type I and III SMA patients using t test

without correspondence.

Results

Clinical course

The clinical course of SMA is markedly different
among the three types (Table 1). Most type I pa-
tients die of acute respiratory failure. The maxi-
mum motor functional level and current motor
function were level 0 in all type I patients in this
study. In type II, the maximum motor functional
level varied from 1 to 6, while the current motor
function was 2 or 3. In type III, the maximum motor
function was ranging from level 7 to 9, with the cur-
rent motor function varied from level 2 to 9.

The average serum CK level ranged from 19 TU/!
to 1,344 TU/I. There was no significant difference in
serum CK value, among the three SMA types, us-
ing Student’s t test without correspondence. Be-
tween types I and II, p value was 0.018. Between
types 1I and III, p value was 0.508. Between types
IIT and I, p value was 0.045. There was no statistical
significant difference between the value of serum
CK and the presence of the hybrid gene.

DNA deletion analysis

The results of DNA deletion analysis for 20 SMA
patients are shown in Table 2.

In type I patients, the deletion of both SMNt ex-
ons 7 and 8 was found in all 7 patients. In type II pa-
tients, the deletion of only exon 7 was seen in one
patient (patient 16), while the rest had deletion of
both exons 7 and 8. In the milder form, type III, we
found the deletion of only exon 7 in 4 patients (pa-
tients 19, 24, 27 and 28) and the other 7 patients had
the deletion of both exons 7 and 8. Four patients of
typeI (patients1,3,5and 6) also showed the dele-
tion of NAIP exons 5 and 6. In haplotype analysis
using the multi-copy microsatellite marker C212,
eight (four out of four type I, three out of five type
IT and one out of two type III) patients showed
SERF1 deletion.

Detection of a SMN hybrid gene

Genomic DNA was analysed for the presence of
SMN hybrid genes by PCR and restriction enzyme
digestion. The primers RV6 and 541C1120 amplify
the region from intron 6 to exon 8. Subsequent re-
striction enzyme analysis with EcoRV and Ddel al-
lows the discrimination of SMINt and hybrid genes.
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Table 2 Results of analyses of DNA and mRNA in SMA patients

NAIP SMN Hybrid gene
Type Patient SERF 1

exon 5 exon 6 exon 7 exon 8 DNA mRNA

1 nd del del del del - -

2 nd no-del no-del del del - -

3 + del del del del - -

I 4 + no-del no-del del del - -

5 nd del del del del - -

6 + del del del del - -

7 + no-del no-del del del - -

8 nd no-del no-del del del - -

9 nd no-del no-del del del - -

10 nd no-del no-del del del - +

11 + no-del no-del del del - -

12 - no-del no-del del del - -

I 13 - no-del no-del del del - +

14 nd no-del no-del del del - -

15 + no-del no-del del del - -

16 nd no-del no-del del no-del + +

17 nd no-del no-del del del - -

18 + no-del no-del del del - -

19 nd no-del no-del del no-del + -

20 nd no-del no-del del del - +

21 nd no-del no-del del del - -

22 nd no-del no-del del del - -

23 + no-del no-del del del - -

i 24 nd no-del no-del del no-del + -

25 - no-del no-del del del - -

26 nd no-del no-del del del - -

27 nd no-del no-del del no-del + -

28 nd no-del no-del del no-del + -

29 nd no-del no-del del del - +

In type I, the deletion of both SMNt exons 7 and 8 were found in all 7 patients.

53

In type 1I, the deletion of only exon 7 was seen in one patient (patient 16), while the rest had the deletion
of both exons 7 and 8. In type II, we found the deletion of only exon 7 in 4 patients (patient 19, 24, 27 and
28) and the other 7 patients had the deletion of both exons 7 and 8.

del: deletion, no-del: no-deletion, +: existent, —: not existent, nd: not done.

As described elsewhere®™, the size of SMNt was 960
bp, while that of SMNc was 780 bp. A hybrid gene
resulting from the fusion of the 5" part of the SMNc
to the 3" part of SMNt as a result of conversion
event that effected exons 7 and 8 of SMNt would
give a 900 bp fragment. An 840 bp fragment would
result from the fusion of the 5" part of the SMNt to
the 3" part of SMNc. In this study, the 840 bp frag-
ment was not detected. Only in type II (9%) and III
(36%) patients, hybrid genes (900 bp) were de-
tected. The hybrid gene was identified from DNA
in all 5 patients that had the deletion of only exon 7
(patients 16, 19, 24, 27 and 28).

In mRNA, RT-PCR and restriction enzyme analy-

sis produced two fragments in control subjects: 330
bp and 303 bp for SMNt and SMNc, respectively™.
A product of the fusion between the 5" part of the
SMNc and the 3" part of SMNt results in a 351 bp
product. This product of the fusion was detected in
5 patients (type II: 27%, type III: 18%, total: 17%);
one patient who had the deletion of only exon 7 (pa-
tient 16), and the other four patients who showed
the deletion of exons 7 and 8 (patients 10, 13, 20 and
29) (Figs.1and 2).

Sequence analysis of the cloned RT-PCR prod-
ucts of the SMN exons 6, 7 and 8

We performed the cloning of the SMN gene RT-
PCR product in patients 2, 3, 4, 10, 13, 16, 19, 20, 22,
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Type Hybrid gene
DNA (%) mRNA (%)
I 0/7 0 0/7 0
I 1/11 9 3/11 27
m 4/11 36 2/11 18
Total 5/29 17 5/29 17
bp
b
SMNt - E& 960
Hybrid gene P 900
SMNc¢ P 780
Control Patient 16 Patient 4
bp

351
330
303

SMNt

¢ Hybrid gene
SMNc E

Control Patient 19 Patient 4

Fig. 1 Detection of the hybrid gene by PCR and
enzyme-digestion analysis
a: The hybrid gene of DNA was identified in 5 pa-
tients (type II: 9%, type IIL: 36%, total: 17%). The
product of the fusion between the 5 part of the
SMNc and the 3" part of SMNt of mRNA was de-
tected in 5 patients (type II: 27%, type III: 18%, total:
17%) . The hybrid gene in both DNA and mRNA
were found in one patient (patient 16).
b: Gel-electrophoresis of the enzyme-digestion prod-
ucts in DNA analysis. Control had SMNt (960 bp-
band) and SMNc (780 bp). Five patients had the hy-
brid gene (900 bp).
c: Gel-electrophoresis of the enzyme-digestion prod-
ucts in mRNA. Control had SMNt (330 bp-band) and
SMNc (303 bp). Five patients had the product of the
fusion between the 5° part of the SMNc and the 3’
part of SMINt (351 bp).

24 and 26, because the result of the direct sequenc-
ing did not be enough for explaining of this compli-
cated structure of SMN gene. Ten clones containing
the SMN gene were cultured from each sample. By
cloning of the SMN gene RT-PCR products followed
by sequencing, the telomeric sequence of exon 7
was confirmed in the clone of patient 24 (Fig. 3).

Clinical severity and hybrid gene

The distribution of patients with type II or type
III SMA according to maximum motor functional
level by the presence of hybrid gene (a product of
the fusion between the 5° part of the SMNc and the
3" part of SMNt) is shown in Fig. 4. The levels of the
patients who had the hybrid gene tended to be
higher, though there was no significant difference

a centromeric SMN telomeric SMN
4 —_—
S exon 8 exon 7 exon7 exon8 3
A A G G
L] |
780 bp (SMNc) 960 bp (SMNt)
A G
900 bp (hybrid gene)
G to A in intron 6 (SMNt to SMNc)
G A
—/————3
840bp
GtoAinexon8
b centromeric SMN telomeric SMN
5 exon8 exon7 exon6 exon 6 exon7 exon8 3
i
/1 1T 17 1T 11 1/
t + 7/ +
A T C G
L] R
303 bp (SMNc) 330 bp (SMNt)
y/1
yAR [, 1]
V4 t
T G
.|

351 bp (a product of the fusion between the 5
part of the SMNc and the 3’ part of SMNt )
Cto T in exon 7 (SMNt to SMNc)
y/i

y Al I

7 c A

282 bp

GtoAinexon8

Fig. 2 Schematic presentation of PCR, RT-PCR and
enzyme-digestion analysis of SMNt and SMN¢
a: DNA analysis. The black bars represent the prod-
ucts after digestion. The 900 bp bar indicates the gene
conversion resulting from the fusion of the 5" part of
the SMNc to the 3" part of SMNt.
b: mRNA analysis. The black bars represent the prod-
ucts after digestion. The 351 bp bar indicates the gene
conversion resulting from the fusion of the 5" part of
the SMNCc to the 3" part of SMINt.

(p=0.1627) . Only patients with the hybrid gene
reached the highest motor function level of 9: level 3
in three (33%),level 7in one (11%), level 8 in one
(11%) and level 9 in four (44%). Among patients
who did not have a hybrid gene, seven patients
were level 0, one patient was level 1, two patients
were level 2 and there were no patients that
reached more than level 8. In this study, the symp-
tom of the patients who had a hybrid gene tended
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bTATATGGGT TT

!

A
210

Fig.3 Sequence analysis of RT-PCR products of exon 6, 7 and 8
a: By direct sequencing of RT-PCR products of exons 6, 7 and 8, the mixed sequence (ar-

row head) that contained SMNt and SMNc.

b: As a result of cloning of RT-PCR products of exons 6, 7 and 8, the clones that had the se-

quence of SMNt (arrow) were identified.

to be milder.

There was no correlation between the presence
of the hybrid gene and current motor functional
abilities (p =0.011) or maximum motor function (p =
0.036). The distribution of patients according to age
of onset by the presence of hybrid gene was shown
in Fig. 5. The onset age was generally higher, in the
patients who had the hybrid gene (p=0.1166).

Discussion

The SMA region on chromosome 5ql13 includes
the SERF1, SMN and NAIP genes. This region con-
tains a 500 kb duplication and inversion, which
causes high gene instability and leads to deletions
or gene conversions. It has been suggested that a
large gene deletion including SMN and other modi-
fier genes in the SMA region caused more severe

clinical symptoms'™ . Our results support this hy-

pothesis as the deletion of all 3 genes, SERF1, SMNt
and NAIP was only seen in 3 patients with type 1
SMA (patients 3, 4 and 6) . However a large deletion
involving SERF1 and SMNt in the SMA gene re-
gion had variable clinical features. This deletion
was found in patients with all 3 forms of SMA (pa-
tient 7 in type I, patients 11, 15 and 18 in type II and
patient 23 in type III). In those patients, no SMN
hybrid genes (the product of the fusion between the
5" part of the SMNc and the 3" part of SMNt) were
detected which could have influenced the clinical
outcome.

Two types of SMN gene conversion were seen
(summarized in Tables 3, 4 and Fig. 6). In type A,
homozygous conversion was present in exon 7 of
SMNt, which led to four copies of exon 7 of SMNc. If
three copies of exon 7 of SMNc were observed, one
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l p=0.1627 I
TN
p=0.6741 f
I p=0‘5!57 1
level I l
9 0000
8 000 [
7 ( [ J ®
6 o0
5 ®
4
3 [ [ J 000
2 ([ J
1 ®
0
Type II Type Il Type I Type I
Hybrid gene (-) Hybrid gene (+)

Fig.4 The distribution of patients of type II or type III

SMA according to maximum motor functional level
by the presence of hybrid gene (the product of the fu-
sion between the 5” part of the SMNc and the 3’ part
of SMNt)
The levels of patients who had hybrid gene showed a
tendency to be higher, though there was no signifi-
cant difference (p=0.1627). There was no significant
difference (p=0.67411n type Il and p=0.5571 in type
11D).

allele showed the conversion in exon 7 of SMNt,
while the other allele showed the deletion of both
exons 7 and 8 of SMNt (type A*). We concluded
type A or A* conversion was present in patients 13,
16 and 28. In type B, the conversion was present in
both exons 7 and 8 of SMNt in one allele and the
conversion in exon 8 of SMNc with the deletion of
both exons 7 and 8 of SMNt in the other allele.
There is a possibility of the presence of type B*
with the conversion in exons 7 and 8 of SMNc in ad-
dition to homozygous deletion of exons 7 and 8 of
SMNt. We concluded type B or B* conversion was
present in patients 10, 19, 20, 21, 24, 25, 27 and 29.
Type A was seen in two patients in type II SMA
and in one patient in type III SMA, while type B
conversion was detected in one patient in type II
and seven patients in type III SMA.

r p=0.1166 |
[ p=0.8210 [
[ | p=025%2
Ase | l
(years) 40 o
30
20
[ ]
10
[ ] [ ]
(months) 18 000 o
17
16
15|00
14
13
12 o L J o0
1100
10
9
8 ®
7@
6
5@
4 o
300
2
1
0
Type I Type Il Type I Type II
Hybrid gene (-) Hybrid gene (+)

Fig.5 The distribution of patients of type II and type

IIT according to the age of onset by the presence of
hybrid gene (the product of the fusion between the 5
part of the SMNc and the 3" part of SMNt)
The onset age showed a tendency to be higher, in the
patients who had the hybrid gene (p=0.1166).In each
type, there was also no correlation in type II (p=
0.8210) and type III (p=0.2552).

We examined that the correlation between the
presence of hybrid gene and the motor functional
level. About the maximum motor functional level,
among 5 patients with hybrid gene, one was level 3,
one level 7, one level 8 and two were level 9. All five
patients (patients 16, 19, 24, 27 and 28) with the hy-
brid gene, also contained a homozygous deletion of
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only SMNt exon 7. It has been proposed that the de-
letion of only SMN exon 7 meant the sequence con-
version from SMNt to SMNc?® . The five patients
with a deletion of only exon 7 of SMNt also con-
tained the hybrid gene, suggesting that the gene

Table 3 DNA rearrangement of SMA patients,
which was presumed by the presence of hybrid
gene and the sequence of mRNA analyses

Type Patient Deletion or Conversion
1 large deletion involving NAIP
2 deletion of SMNt
3 large deletion involving SERF1 and NAIP
I 4 large deletion involving SERF1 and NAIP
5 large deletion involving NAIP
6 large deletion involving SERF1 and NAIP
7 large deletion involving SERF1
8 deletion of SMINt
9 deletion of SMNt
10 Type B conversion
11 large deletion involving SERF1
12 deletion of SMINt
I 13 Type A conversion

14 deletion of SMINt

15 large deletion involving SERF1
16 Type A conversion

17 deletion of SMNt

18 large deletion involving SERF1

19 Type B conversion
20 Type B conversion
21 Type B conversion

22 deletion of SMNt

23 large deletion involving SERF1
Type B conversion

25 Type B conversion

26 deletion of SMNt

27 Type B conversion

28 Type A conversion

29 Type B conversion

57

conversion had resulted not deletion of SMNt exon
7. As the hybrid gene was only seen in type II and
type III SMA patients, the gene conversion from
SMNt to SMNc was associated with a milder pheno-
type. This is consistent with other reports®®®. How-
ever the hybrid gene has also been found in type I
patients, with almost equal distribution in the three

[ B
A* /}'ff 7R
E deletion

B l: T2 R e 7 R
BZZ 1 deletion

|: mm deletion
-:l—deletion

*

B

- SMNt exon 7

SMNt exon 8
74 SMNc exon 7
+2:]  SMNc exon 8

Fig. 6 Details of the rearrangement in two types of
conversion
Type A: homozygous conversion in exon 7 of SMNt,
which lead to four copies of exon 7 of SMNc.
Type A™: one allele showed conversion in exon 7 of
SMNt, while the other allele showed deletion of both
exons 7 and 8 of SMNt.
Type B: conversion in both exons 7 and 8 of SMNt in
one allele and conversion in exon 8 of SMNc with dele-
tion of both exons 7 and 8 of SMNt in the other allele.
Type B*: conversion in exons 7 and 8 of SMNc in addi-
tion to homozygous deletion of exons 7 and 8 of SMINt.

Table 4 Detail of rearrangement in two types of conversion

Rearrangement of allele 1

Rearrangement of allele 2

Conversion

type SMNc SMNt SMNc SMNt
exon 7 exon 8 exon 7 exon 8 exon 7 exon 8 exon 7 exon 8
SMN¢ SMNc SMNc¢ SMNt SMNe¢ SMNc SMNc SMNt
A exon 7 exon 8 exon 7 exon 8 exon 7 exon 8 exon 7 exon 8
SMNc SMNc SMNc SMNt SMNc SMNc
(A*) exon 7 exon 8 exon 7 exon 8 exon 7 exon 8 deletion deletion
SMNc SMNc¢ SMNc SMNc SMNc¢ SMNt
B exon 7 exon 8 exon 7 exon 8 exon 7 exon 8 deletion deletion
SMNc SMNc SMNt SMNt
(B *) exon 7 exon 8 deletion deletion exon 7 exon 8 deletion deletion

—175—



58

238 There is no difference between the

types
races. In this study, there was the mild correlation
between the presence of the hybrid gene and cur-
rent motor functional abilities (p=0.011) or maxi-
mum motor functional level (p=0.036). The age of
onset tended to be higher in the patients who had
the hybrid gene within the same subtypes. Compar-
ing clinical features according to the presence of the
hybrid gene in each patient suggested that there
were a little difference with clinical course (Tables
land2).

In cloning sequence analysis, we obtained clones,
which had telomeric sequence of exon 7 in the sam-
ple of patient 24. Why was the clone of SMNt exon 7
found in sequence analysis? The possible explana-
tion is that the sequence conversion replacing
SMNc with SMNt had occurred at the mRNA level
in this patient. In some previous reports, it was indi-
cated that the gene conversion from SMNc to SMNt
was found in unaffected individuals®****”. Van der
Steege et al®® reported that a hybrid gene having
the 5" part of SMNt fused to the 3’ part of the
SMNc¢ would be as functional as the normal SMN
gene. It seems that the gene conversion of SMNc to
SMNt may be also related to mild clinical severity.
The mechanism of the gene conversion replacing
SMNc with SMNt is not clear. We will continue the
additional study to elucidate the mechanism in
SMA patients, carriers and unaffected individuals.

In conclusion, the deletion of the SMN gene and
modifier genes, NAIP and SERF1, tend to make the
SMA phenotype more severe, and SMN gene con-
version events would result in a milder phenotype.
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BHEADOHEBUBHEMREICS T 5RAR L EERORER
—SMN BE{EFD DNA 5 &L T mRNA fF#ti—

HRLTERNAE EZB AEME (B KBEATHE)
NE et £
A4 by v 1) ¥4+ # 3 2 I3 ad 7= VERAE *FrH7 v * o
RET HE - FEEIMCF - 4 =5 BF - KEEKRTF
HFEMEHERE (SMA) O ERE{ZF survival motor neuron :&{ZF (SMNt) 2132 ¥ —#&{EF (SMNc) #%

FAEL, BETIESMNt KK L Twb. SMA DKEBERE I, UBLUIIE) TZOEETFOHEEIIRLS.
#H 413, SMN BETFOEELBRWEERE L OMREZRETT 579, SMN #ZF% DNA, mRNA T L72.
VYR TOBGETFIMERLSN, REEILEIRKALSS v I+ —A Fa vy %2157 SMA BE 20 4255
L, KWL > 88k E Az, BEFREHMIZ, SMNt 017 Y > 7, 8, 5#i& 5T NAIP & SERF1 DT
L DR L7z, £ 72, SMNt A8 SMNe ~“EH# L 722 & %/~ hybrid gene M L72.SMN =2 7,8 ® RT-
PCR W % BHELRMIILEE T L, X502 0—=2 7 %4f7-72. DNA O45HTlE, 1B TFIZ SERF1
5 NAIP ¥ COIL#EBEOR K%, 1, TIEICid SMNt DADREERFRD, REFEADL & BE & % 5 @EHEH
& o 7z. Hybrid gene & 9 FICHLE L 72, B EIEEE) L~V hybrid gene D& B BIA3 72 WHIZH L 2BV E
HMiCHolz, 70— 7 EYOEERFEN T 16T SMNt DEFZ3Rd72. BONLERIY 2960
DNA OBELZHET L L, BEEO IR TEE2APEOXRELEZRL, I, IR TCIERTFE#EEZRTLORED .
SMNt %* & SMNc ~D B =T 22 X ) SMNe DB 2 7261 & SMNe 5 SMNt ~NDO EIE FEMRIC LD
SMNt DR EZRE L T BPIBFERELI2AS, SNHIE, BEOREZRTF LY S REIIBRIEIC 2 5 2 L HURE
ENsz, BETFEREIBEO DA, NI BMORTHEDLZ LD S, SMNEEZTFICEBIT 5 BEFERIZERERD
BRI & BfR 5 L EZ bhi.
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