ALS Model Disease Progression

123

Fig. 2. Characteristic appearance of hSOD1 (GY3A) transgenic rats. Az Forehimb type. The rat was
unable to raise its head and was obligated to take a posture of raising the lumbar region, as indi-
cated. because of the paralyzed forelimbs. B: Hindlimb type. The rat showed paraplegia, but was
able to raise its head and upper trunk with its non-paralyzed forelimbs.

mogen. hmmunohistochenucal images were exanuned with a
Zeiss-AxioCun microscope systen.

Motor neurons bearing ChAT-unmunoreactivity  in
laminae VI VI and IX of the ventral horn were counted
in every renth section (5 sections total for each segment) for
each ot the CO6, T5, and L3 segments. Only the neurons that
showed labeling above background level and were larger than
20w in diameter were counted. The numbers of motor
neurons in all segments (C6, T35, and L3) were sununed for
each animal to evaluate not only the local motor neuron loss,
but the generalized loss of motor neurons throughout the spi-
nal cord of each animal (n = 3 for cach genotype at cach time
point). We next examined the correlation between the num-
ber of residual motor neurons and the results of the functional
analvses described in this study. Statistical analysis was carried
out with two-tailed unpaired Student’s s~test. A P-value of
<0).05 was considered statistically significant.

RESULTS

Clinical Types of hSOD1 (G93A) Transgenic Rats

Because we noticed variations in the disease phe-
notypes expressed by the G93A rats, we classified 49 rats
into three clinical categories according to the location of
initial paralysis. The clinical types were: the forelimb
type, hindlimb type, and general type (Table III). Rats
whose paralysis started in the forelimbs and provres’sed to
the hindlimbs were defined as the “forelimb type.” In
contrast. rats whose paralysis started from the hindlimbs
and progressed to the forehmbs were detined as the
“hindlimb type.” A typical appearance for the forelimb
and hindlimb types is shown in Figure 2. Other rats,
which showed simultaneous paralysis in the forelimbs
and hindlimbs, were categorized as the “general type”

In addition, we Clawﬁed the forelimb- and hind-
limb~type rats into two subtypes, the pure and eventual
types, based on the timing of the initial paralysis (Table
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ITH. Rats of the pure type showed paralysis that was lim-
ited to one or more of the four limbs as the inital ob-
servable deficit. Those of the eventual type iniually
showed symptoms of general muscle weakness (e.g.,
walking with a limp, s ]ummh movement), but without
mequlvoml limb paralysis. In the eventual type animals,
paralysis of one of the Timbs became apparent later. The
ratio of each subtype is shown in Table 1L

Evaluation of Disease Progression in the hSOD1
(G93A) Transgenic Rats

Although the transgenic rats varied in their clinical
types, all four measures of disease progression (body
weight, inclined plane test, cage activity, and SCANET)
showed significant differences between the wansgenic
and wild-type rats (Fig. 3).

In contrast to the continuous weight gain in wild-
type rats, the body weight in the affected rats ceased to
increase and <rmduallv demeascd with peak bodv weight
attained around 110-120 days of age (P < 0.05, afrer
112 days of age) (Fig. 3A).

In the inclined plane test, initially both the trans-
genic and wild-type rats uniformly scored 75-80 de-
grees, after several training wials. However, the trans-
genic rats showed a significant decline in performance
compared to their wild-type littermates from 120 days of
age (Fig. 3B).

In the cage activity measurement, the movements of
the wild-type rats remained stable, whereas those of the trans-
genic rats declined rapidly after 125 days of age (Fig. 3C).

In the SCANET test, even the wild-type rats
showed decreased movements for all parameters (M1,
M2, RG) in the late observation period, though they
showed no abnormality in their motor functions. This
might be because they had acclimated to the SCANET
cage. The movement score of the transgenic rats was
consistently worse than that of the wild-type rats after
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Fig. 3. Discase progression in hSODT (G93A) transgenic rats moni-
tored by four effective measures. A: Body weight. The weight gain
of the transgenic group stopped at around 110-120 days. The differ-

genotype). B: Inclined plane. The wild-type group scored 75-80°
throughout the period, whereas the score of the transgenic group
declined. The difference became statistically significant at 120 days of
age (n = 9 for each genotype). C: Cage activity. The movements of
the wild-type group were stable, whereas the scores of the transgenic
group declined. Significance was reached at 125 days of age (n = 8

;::,

SCANET Movet

13690

12686

16088
BoOE
/060

ao00 B

NP Hunit 10ming

et

ki) 50 T b:24]
Ageldays)

m

SCANET Move?
7B
£8648
5000
4600 L
3000 §
2008

M2{unitHimin}

1808

150 138 150 178

Ageldays}

SCANET Rearing

140

RG{numberMOming

Ageldays)

for each genotype). D=F: SCANET. For all parameters (M1, M2,
RG), the movement scores of the transgenic group became con-
stantly worse than those of the wild-type group after 60 days of age.
The differences between the groups increased markedly after 90 days
of age. Significance was attained beginning at 67 days of age for M1

The comparison between the wild-type and transgenic groups was
stopped when the first of the transgenic rats reached the end-stage of
the disease and was sacrificed. Mean = SEM. *P < 0.05. **pP <
0.01; two-tailed unpaired Student’s r-test.
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Fig. 4. Schematic presentation of the results from the body weight
(A), inclined plane test (B). and cage activity (C) assessments. The
onset defined by each measure (black arrowheads) and the end-stage
of the discase {(ED, black arrows) are indicated in the figures. a, pre-
symptomatic onset: the day the transgenic rats scored thelr maximum
body weight. b, muscle weakness onset: the carliest day the trans-
genic rats scored <707 in the inclined plane test. ¢, hypo-activity

60 days of age for all parameters (M1, M2, RG), how-
ever, even after the wid-type animals showed the
decrease in their movement scores. The differences
between the two groups increased markedly after 90 days
of age for M1, M2, and RG (Fig. 3D-F). The perform-
ance of each rat fluctuated so markedly that the SCANET
test seems to be inappropriate for statistical analysis.

Onset, End-Stage, and Duration of Disease
in hSOD1 (G93A) Transgenic Rats

Using the quantitative analysis of disease progres-
sion by body-weight measurement, the inclined plane
test, and cage activity, as described above, we defined
three time points of “‘objective onset,” as shown in
Figure 4. The SCANET results did not allow us to
define a time of objective onset., because we could not
establish a stable baseline level using the data from the
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onset: the earliest day the transgenic rats scored <75% of the mean
movements from 70-90 days of age in the cage activity measure. SO,
subjective onsers the earliest day that observable functional deficits
such as paralysis of the limbs or symptoms of general muscle weak-
ness were observed subjectively in the open field (the gray shaded
region in A-C).

highly wvariable measurements we obtained, even for
wild-type rats. The righting reflex failure was useful for
detecting the time point of end-stage disease, which we
defined as the generalized loss of motor activity in
affected rats. A total of 20 transgenic rats assessed by
body weight and the inclined plane test were analyzed
for the day of objective onset, end-stage, and duration
of the disease. The cage activity data from the eight
transgenic rats were obtained simultaneously. The
results are shown in Table IV.

The day the transgenic rats reached their maximum
body weight was defined as pre-symptomatic onset
(113.6 £ 4.8 days of age, black arrowhead n Fig. 4A,
Table 1V). This onset was judged retrospectively and
always preceded the subjective onset {gray shaded
region, Fig. 4A), which was determined by observable
functional deficits in the open field, such as paralysis of
limbs and symptoms of general muscle weakness. The
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TABLE IV. Onset, End-Stage, and Duration in Days of Disease in hSOD1 (G93A) Transgenic Rats

Body weight and inclined

Evaluation methods

plane (i = 20)

Cage activity (n = 8)

Objecrive onsct
Pre—symptomatic onset’

4 1+

L
Muscle weakness onset”
Flypo-activity onset”

Subjective onset (SO 126.5 =
End-stage disease (ED)" 1378 =
Duracion’
ED-a® 24
ED-b° 12
ED-¢'

=

[

o

=~

1228 = 9.2 (109-139)°
1 {(113-147) 1213 £ 98 (%()(144&)\
1{128~153) 1341 = 8.2 {122-149)
= 6.5
* 3.5
11.4 = 1.3

Values are means = SD.
* Ma\imum of body weighe.
P Less than 70 degrees in the inclined plane test.

¢ Less than 75% in the mean movements of 70-90 days in the cage activity.

4 Observable functional deficits.
© Righdng reflex failure.
" Difference in days between ELY and each onser;
¥ berween ED and pre-sympromatic onset,
b hetween ED and muscle weakness onset,
berween ED and hypo-activity onset.

TABLE V. Comparison of the Onset, End-stage, and Duration in Days of Disease in the Forelimb-

type and the Hindlimb-type Rats

Forelimb wype (n = 4) Hindlb type {n = 14 General type* (n = 2
Pre-sympromatic onset’ 1146 = 4.3 {108.5)
Muscle weakness onset” 126.7 {113.3)
End-stage disease (ED) T40.1 {129.5)
Duration®
ED-a” 215 % 85 2553 £ 62 21
ED-b 83 = 1.0 13.4 = 3.0 (i6)

Values are mean = SD.

* Values of general-type tats are listed in parenthesis for reference.

* Maximum of body weight.

" Less than 70 degrees in the inclined plane test.
Righting reflex fatlure.

4 Difference in days beeween ED and cach onset:
“ between ED and pre-sympromatic onset,
“herween ED and muscle weakness onset.

pre-symptomatic onset was the most sensitive of all the
onset measures described in this study (Table 1V).

The first day the transgenic rats scored <70” in the
inclined plane test was defined as the muscle weakness
onset (black arrowhead, Fig. 4B). We could judge this
onset prospectively. Muscle weakness onset (1252 = 7.4
days of age, Table 1V) was usually recorded before or at
almost the same time as the subjective onset (8 days
before to 1 day after, gray shaded region, Fig. 4B and
126.5 = 7.1 days of age, Table 1V). The day the trans-
genic rats scored 3537 or less on the inclined plane test
coincided with the day of righting reflex failure (black
arrow, Fig. 4B).

The first day the transgenic rats scored <75% of
their baseline movements in the cage activity test was
defined as hypo-activity onset (black arrowhcad Fig. 4C
and 122.8 = 9.2 days of age, Table 1V). We could also
judge this onset p1ospgct1vely. Hypo-activity onset was

recorded 1 day before to 4 days after the subjective onset

(SO, shown as the gray shaded region in Fig. 4C and
121.3 £ 9.8 days of age, Table IV). A 0% movement

score for cage activity was seen at almost the same time
as righting reflex failure (black arrow, Fig. 4C).
Although disease onset and end-stage could be objec-
tively defined with these methods, they had a wide
range, of about 1 month, because of the diversity of the
phenotypes (Table 1V).

Differences in Disease Courses Between
the Forelimb- and Hindlimb-Type Rats

Because we noticed variability in disease courses
among ditferent clinical types of hSOD1 (GY3A) rats,
we next assessed disease progression in 20 transgenic rats
with forelimb- (n = 4}, hindimb~ (n = 14), and gen-
eral- (n 2) type, using the probability of objective
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Fig. 5. Comparison of onset, end-stage, and disease progression in

from the general-type rats are also shown as dotted lines. AB: The
probability of the objective onsets. We did not see any differences in
the probability of the objective onsets defined by body weight meas-
urement {pre-symptomatic onset) and the inclined plane rest (muscle
weakness onset) between the forelimb~ and hindlimb-type rats.
C: The probability of survival as defined by end-stage disease. Sur-
vival was significantly shorter in the forelimb-type than in the hind-

onsets (pre-symptomatic onset and muscle weakness
onset), the probability of survival defined by end-stage
disease {failure in righting reflex), and the Motor score
(Table V, Fig. 5). We did not see any differences in the
objective onsets between the forelimb- and hindlimb-
type rats (Fig. 5AB, Table V). However, survival as
defined by end-stage disease was significantly shorter in
the forelimb-type than in the hindlimb-type rats (P <
0.05, Log-rank test, Fig. 5C). Moreover, the duration of
the disease calculated from the muscle weakness onset
was also significantly shorter in the forelimb-type (8.3 =
1.0 days) than in the hindlimb-type rats (13.4 * 3.0
days) (see ED — b, P < 0.01, two-tailed unpaired Stu-
dent’s t-test, Table V).
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progression using the Motor score. Affected rats were evalnated after
muscle weakness onset. The forelimb type worsened more quickly
than the hindlimb type. Score decline correlated well with the exac-
erbation of symptoms in both clinical types, clearly and objectively.
Bars means * SEM. Statistically significant differences berween
forelimb and hindlimb types are indicated in the figures. ¥ < 0.05.
FEP < 0.01; two-talled unpaired Student’s r-test.

The courses of functional deterioration evaluated by
the Motor score after onset (muscle weakness onset) for
each clinical type were well represented by the declines in
their scores (Fig. 5D). The assessment by the Motor score
also showed that disease progression in the forelimb type
was more rapid than that in the hindlimb wype (Fig. 5D).

Qur results raise the question of why this variabil-
ity in the disease course of each clinical type was
observed. We speculated that there might be correla-
tion between clinical type in G93A rats and the amount
of locally expressed mutant hSOD1 (G93A) gene prod-
uct. Therefore, we next investigated expression of the
mutant hSOD1 gene in each segment of the spinal cord
(cervical, thoracic, and lumbar) in the forelimb- and
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Fig. 6. The expression of mutant hSOD! mRINA and protein in the cerebral cortex, cerebellum,
medulla. and spinal cord (cervical, thoracic, and hunbar) of forelimb- and hindlimb-type rats. A,B:
The amounts of human (A) and endogenous rat (B) SOD1 mRNA normalized to those of f-acrin
were quantified by real time RT-PCR analysis. C,ID: Western blot analysis of the mutant hSOID1
protein was carried out in the same rats. Quantitative analysis was carried out with a Scion Image.
The amounts of proteins were normalized to those of a-tubulin (D).

hindlimb-type rats by real time RT-PCR and Western
blot analysis. However, at least at the stages after the
apparent onset of muscle weakness, neither forelimb-
type (#1587, Score 4 and #15107, Score 4) nor hind-
limb-type rats (#1510, Score 2) necessarily expressed
larger amounts of the mutant hSOD1 (G93A) transgene
in the cervical cord or in the lumbar cord, respectively,
at the mRNA and the protein level (Fig. 6). We also
investigated the expression of endogenous rat SODI1
mRNA in the same rats by REAL TIME RT-PCR
(Fig. 6B). Distribution of endogenous rat SODI
mRNA expressed in each segment of the spinal cord
showed almost the same pattern as that of mutant

hSOD1T mRNA. The expression of endogenous rat
SOD1 mRNA was lower than that of mutant hSOD1
mRINA. Thus, we could not detect any definite corre-
lation between the hSOD1 (G93A) transgene local
expression profile in the spinal cord and the phenotypes
of G93A rats for either the forelimb-type or the hind-
limb-type rats (Fig. 6).

Reduction in the Number of Spinal Cord Motor
Neurons at Different Disease Stages

We examined histo-pathological changes in the spi-
nal cords of the transgenic rats in comparison with those
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of their wild-type littermates at 70, 90, and 110 days of
age, when the transgenic rats scored <707 in the inclined
pl'mc test (muscle w eakness onset), and failed the righting
reflex. To quantify the number of spinal motor neurons,
we stained spinal cord sections of both groups with an
anti~-ChAT antibody.

As shown in Figure 7A, the numbers of ChAT
immunoreactive motor neurons in the cervical (C06),
thoracic (T3), and lumbar (L3) segments of the spinal
cord decreased with disease progression. Quantitative
analysis of the residual motor neurons showed that the
total number of motor neurons in the transgenic rats
began to decrease at 90 days of age, rapidly declined
after 110 days of age, and fell to about 50% and 25% of
the numbers in age- matched wild- ~type littermates at the
time the score was <70° in the inclined plane test
(muscle weakness onset) and of righting reflex failure.
respectively (Fig. 7B).

DISCUSSION

Factors Underlying the Variability in Phenotypes
of hSOD1 (G93A) Transgenic Rats

In previous studies of this G93A rat, only the hind-
limb-type has been described, and the variety of pheno-
types and variable clinical courses have not yet been

mentioned (Nagai et al, 2001). Recently, however,
another line of GY93A. /{alt;s\xbagkcmssed onto a Wistar
background (SOD15™ rats) was reported  to

present two phenotypes, including forelimb-type, and a
large inter-litter variability in disease onset (Storkebaum
et al., 2005). In the same way, commonly used FALS
model mice harboring hSOD1 (G93A) gene have been
reported to have clinical variability to some extent, and
some of them dominantly show forelimb paralysis (Gur-
ney et al, 1994). In this study, we recognized various
clinical types, including forelimb-, hindlimb-, and gen-
eral-type and established quantitative methods to evalu-
ate disease progression that can be applied to any of the
clinical types of this ALS model. We have also shown
the variability in disease progression to depend on clini-
cal types, that is, disease progression after the onset was
faster in forelimb-type than in hindlimb-type rats. This
difference may be due to the aggressiveness of the dis-
ease per se because we evaluated the time point of
“death” (end-stage disease) according to righting reflex
failure (Howhnd et al., 2002) to exclude the influence
of feeding problems (bulbar region) and respiratory fail-
ure (level C2—-C4).

These findings give rise to the next question; why
is this variety of phenotypes and variability in the clinical
course observed in the same transgenic line? There are at
least three possible explanations. One is that the varation
is due to the heterogeneous genetic background of the
Sprague-Dawley (SD) rat (i.e., the strain used to generate
this transgenic line), which might have led to different
phenotypes This idea 1s supported by the fact that the
SI> strain shows a large inter- individual disease variability
in other models of neurodegenemuve disorders, such as

TABLE VI. Adequacy of Evaluation Methods in Regard to
Practical Use*

Body Inclined Cage Motor

weight  plane  acuvity SCANET  score
Objectivity A B A A 13
Sensitivicy A B C {A) -
Specificity C B C C A
Motivation independence A B B D B
Skill requirements A B A A B
Cost of apparatus B B | i) A

*A, more appropriate: B, appropriate; C. less appropriate; 1D, inappropriate.

Huntington’s disease (Ouary et al., 2000). Similar phe-
notypic variability takes place in human FALS carrying
the same mutations in hSOD1 gene (Abe et al., 1996;
Watanabe et al., 1997; Kato et al., 2001), which could
be explained by heterogeneous genetic backgrounds.
Thus, the present transgenic ALS model rats may be
highly useful to understand the mechanisms of bulbar
onset, arm onset, or leg onset that are seen in human
disease. There may be modifier genes of these pheno-
types, which should be identified in the future study.

The second is that there is variability in the expres-
sion of the mutant hSOD1 protein. The transcriptional
regulation of this exogenous gene could be affected by
one or more unknown factors, such as epigenetic regula-
tion, and may not be expressed uniformly throughout
the spinal cord of each animal. Therefore, some rats
might express mutant proteins more in the cervical spi-
nal cord and others might express more in the lumber
cord, possibly resulting in the forelimb type and hind-
limb type. respectively. However, we tound no definite
correlation between local expression levels of the mutant
hSOD1T mRNA/protein in the spinal cord and the phe-
notypes of these animals, using real time RT-PCR and
western blot analysis after the onset of muscle weakness,
when the clinical type of the transgenic rats could be
defined (Fig. 6). Moreover. the pathological analysis
showed no correlation between the number of residual
motor neurons in each segment and the phenotypes of
end-stage animals. However, because >50% of spinal
motor neurons have already degenerated at the stage of
muscle weakness onset, whether local expression of the
mutant hSOD1 gene and segmental loss of motor neu-
rons correlate with the clinical types of GY3A raws should
be further investigated by analyzing younger animals at
a stage when motor neuron loss has not progressed as
much.

The third explanation involves a structural property
of the mutant hSOD1 (G93A) protein itself. It is now
thought that mutations in the hSOD1 gene may alter
the 3-1D conformation of the enzyme and, in tumn, result
in the SOD1 protein acquiring toxic properties that
cause ALS (Deng et al., 1993; Hand and Rouleau 2002).
For instance, the hSOD1 (GY3A) mutant protein has
been reported to be susceptible to nonnative protein—
protein interactions because of its mutation site and
unfolded structure (Shipp et al., 2003; Furukawa and

Journal of Neuroscience Research DOI 10.1002/jnr
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O’Halloran, 2005), suggesting that the GY3A mutation
might accelerate the formation of SO protein aggre-
gates, which may ultimately sequester heat-shock pro-
teins and molecular chaperones, disturb axonal transport
or protein degradation machineries, including the ubig-
uttin-proteasome system (Borchele et al., 1998; Bruening
et al., 1999; Williamson and Cleveland 1999; Okado-
Matsumoto and Fridovich 2002; Urushitani et al., 2002).
Curiously, the mutated hSOD1 (G93A) protein is more
susceptible to degradation by the ubiquitin-proteasome
systein and has a shorter half-life than other mutants
(Fujiwara et al., 2005}, suggesting that it may cause more
unstable toxic aggregates in the spinal cord than other
mutations. The degradation rate is also affected by envi-
ronmental factors unique to each animal, such as the
progressive decline of proteasome function with age
{Keller et al., 2000), and these factors could contribute
to the variability of the clinical course of G93A rats.

Taking all these findings into consideration, the
mutated hSOD1 (G93A) protein may gain properdes that
are responsible for a variety of phenotypes and variability
in the clinical course of the affected animals.

Characteristics of Different Methods for Assessing
hSOD1 (G93A) Transgenic Rats

The ideal measure is not influenced by the judg-
ment of the observer, sensitive to small abnormalities,
specific to detect pathologic events that are related to
pathogenesis of the ALS-like disease, not influenced by
the motivational factors of rats, minimal in the require-
ments for skill in the observer, and inexpensive to carry
out. We assessed each evaluation method by the catego-
ries in regard to practical use as shown in the Table 6.

The initiation of body weight loss seems to be an
excellent marker to detect the onset and should be
highly recommended. Muscle volume might have al-
ready started to decrease, even in the period of continu-
ous weight gain, as reported for hSOD1 (G93A) trans-
genic mice {Brooks et al,, 2004). As a result, it could
detect an abnormality relatively earlier than subjective
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%
End-stage disease

onset. The inclined plane test is considered to be the
least defective method of all. It could objectively and
specifically detect the decline in the muscle strength of
these ALS model rats as a muscle weakness onset almost
at the same time of the subjective onset. The cage activ-
ity measurement and SCANET require very expensive
apparatus, and are limited by the availability of funds and
space for making the measurements. Although SCANET
test was most sensitive among these measures, it seems
inappropriate for the statistical analysis, and does not add
any more information than that obtained through simple
observation of the rats because the performances of the
rats might be severely affected by the extent of their
motivation to explore. Motor score can specifically assess
disease progression of each clinical type and is valuable
in keeping the experimental costs at a minimum.

Correlation Between the Loss of Spinal Motor
Neurons and Disease Stages

This study clearly shows the variable clinical course
of G93A rats. According to our behavioral and histologi-
cal analyses, we can divide the disease course of this
transgenic model into four stages, whose durations have
a range of about 1 month, as shown in Figure 8. Fur-
thermore, we have established the pathological validity
of the performance deficits detected by each measure of
disease progression. “Initation of motor neuron loss”
was defined as a statistically significant decrease in the
number of spinal motor neurons. which was found at
around 90 days of age, but not 70 days of age (Fig. 7B).
This coincides with, and seems to be sensitively detected
by the marked difference in SCANET scores that begins
at around 90 days of age (Fig. 3D-F). The “initiation of
body weight loss” was usually detected at around 110
days of age as the peak body weight (pre-symptomatic
onset, 113.6 * 4.8 days of age, range = 103-124, Table
IV). This stage coincides with the initiation of a rapid
decline in the number of motor neurons at around 110
days of age (Fig. 7B). “Onset of muscle weakness” was
detected ar around 125 days of age. as assessed by the
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inclined plane test (muscle weakness onser, 125.2 £ 7.4
days of age, range = 110144, Table 1V). This coincides
with the number of spinal motor neurons in the trans-
genic rats being reduced to about 50% of the number in
wild-type rats (Fig. 7B). We presume that transgenic rats
do not present obvious muscle weakness until the num-
ber of motor neurons has been reduced to approximately
half the number found in the healthy state. “End-stage
disease” as defined by righung reflex failure was re-
corded at around 140 days of age (137.8 = 7.1 days of
age, range = 122-155, Table IV). At this stage, the
affected rars had only about 25% of the spinal motor neu-
rons of age- and gender-matched wild-type rats (Fig. 7B),
and showed a generalized loss of motor activity. Thus,
our findings allow us to esumate the extent of spinal
motor neuron loss by evaluating the disease stage with the
measures described in this study.

In summary, we have described the variable phe-
notypes of mutant hSOD1 (G93A) wansgenic rats and
established an evaluation system applicable to all clinical
types of these rats. Disease stages defined by this evalua-
vion system correlated well  pathologically with the
reduction of motor neurons. Qur evaluation system of
this animal model should be a valuable tool for future
preclinical experiments aimed at developing novel treat-
ments for ALS.
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Clinical features of
chromosome 16q22.1
linked autosomal
dominant cerebellar
ataxia in Japanese

Abstract—Chromosome 16G22.1-linked autosomal dominant cerebellar ataxia
(16q-ADCA) is strongly associated with a substitution in the puratrophin-1
gene. This locus overlaps with spinocerebellar ataxia type 4 (SCA4) which
shows ataxia with prominent sensory axonal neuropathy. We found that 16q-
ADCA is a common ADCA subtype in the Tohoku District of Japan. The
clinical feature of Japanese 16q-ADCA is characterized as late-onset pure
cerebellar ataxia.

NEUROLOGY 2006;67:1300-1302

Y. Onodera, PhD; M. Acki, MD, PhD; H. Mizuno, MD; H. Warita, MD, PhD; Y. Shiga, MD, PhD;
and Y. Itoyama, MD, PhD

According to Harding’s classification, autosomal
dominant cerebellar ataxia (ADCA) is clinically clas-
sified as follows: ADCAI is associated with additional
features related to the optic nerve, (extra) pyramidal
system, cerebral cortex, and peripheral nerves;
ADCAII is associated with pigmentary macular dys-
trophy; ADCAIII is late onset pure cerebellar syn-
drome; and ADCAIV is associated with myoclonus
and deafness.! Recently, genetic classification of the
ADCAs has been carried out worldwide. The muta-
tions causing 12 types of ADCA subtypes have al-
ready been identified. In addition, a single nucleotide
C—T substitution in 5 UTR of the puratrophin-1
gene is strongly associated with 16q-ADCA.> Al-
though the locus of 16q-ADCA overlaps with SCA4,
the phenotype of 16g-ADCA in Japan differs from
that of SCA4 in Utah? and Germany.* Interestingly,
it was described that 16q-ADCA is pure cerebellar
ataxia which belongs to ADCAIII and may be associ-
ated with hearing impairment.®

We studied 218 unrelated ADCA families and 129
sporadic spinocerebellar ataxia cases from the To-
hoku District of Japan. We found that 16q-ADCA is
a common subtype of hereditary ataxia in the To-
hoku District. We also describe the clinical features
of 32 patients with the C—T substitution in the &'
UTR of the puratrophin-1 gene. All of these patients
showed late-onset pure cerebellar ataxia.

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the October 10 issue to find the title link for this article.

From the Department of Neurology, Tohoku University School of Medicine,
Seiryo-machi, Sendai, Japan.

Supported by a Grant-in-Aid from the Ministry of Health, Labor and Wel-
fare (M.A., ¥.8., Y.I.) and a Grant-in-Aid for Scientific Research (C:
15590876 and C: 17590857) from the Japan Society for the Promotion of
Science (M.A.).

Disclosure: The authors report no conflicts of interest.
Received January 19, 2006. Accepted in final form June 12, 2006.

Address correspondence and reprint requests to Dr. Masashi Aoki, Depart-
ment of Neurology, Tohoku University School of Medicine, 1-1 Seiryo-
machi, Sendai 980-8574, Japan; e-mail: ackim@mail.tains.tohoku.acjp

1300 Copyright © 2006 by AAN Enterprises, Inc.

Methods. We studied cases with dominantly inherited or spo-
radic ataxia collected from January 1991 to August 2005 in the
Tohoku District. The Tohoku District is in the northernmost part
of Honshu Island which is the main island of Japan (figure 1). All
of the patients had been neurologically and radiologically diag-
nosed with spinocerebellar ataxia. We excluded the families and
patients who had been considered as recessive inherited ataxia
from the present study. No attempts were made to classify or
select patients with specific clinical subtypes of ataxia. We exam-
ined a total of 218 unrelated families (279 affected members) and
128 sporadic cases.

Peripheral blood samples of the patients were obtained with
informed consent. Genomic DNA was extracted from peripheral
blood leukocytes, as previously described.® Genetic analysis was
performed to estimate the number of triplet repeats at nine dis-
ease loci corresponding to SCA-1, 2, 3 (Machado-Joseph disease
[MJD]), 6-8, 12, 17, and dentatorubral-pallidoluysian atrophy
(DRPLA).

The C—T substitution in the 5' UTR was detected by amplify-
ing genomic DNA with forward primer UKI1-E1F1 (5'-
CAGCGGTTCACACTGAGA-3') and reverse primer UK1-EIRIN
(5'-GGCCCTTTCTGACAGGACTGA-3"), which yielded a specific
product of 360 bp. This amplicon harbors two Xagl sites, one of
which is destroyed by the C—T substitution.? This C-T substitu-
tion was not seen in 45 healthy Japanese individuals and 11
Japanese patients with muscular disease (112 chromosomes).

Results. We identified 218 families (included affected
279 members) with ADCA and 128 sporadic cases with
spinocerebellar ataxia. For both the autosomal dominant
ataxia families and sporadic cases, the relative prevalence
of mutations causing ADCAs is summarized in the table.

The clinical features of 32 patients with 16q-ADCA are
summarized in table E-1 on the Neurology Web site at
www.neurology.org. The mean age at onset was 57.7 = 7.1
years. In all of the cases, the initial symptoms were ataxia,
gait disturbance, or dysarthria. During the clinical course,
ataxia and dysarthria were evident in almost all cases
(=94%). Other symptoms were not common regardless of
the duration of the disease. Only 2 (6%) of 32 cases with
16g-ADCA had mild sensory disturbance, and only one
case showed hearing impairment.

Case 1 in table E-1 had at least four affected relatives:
his elder and younger brother, his mother, and her
younger brother. He first noticed clumsiness of his legs at
age 44 years. He had been able to walk until age 50 years
without a walking stick. As soon as he was wheelchair
bound at the age of 52 years, dysarthria appeared. Because
of his difficulty in mobility and conversation, he retired
from his job as an office worker at age 52 years. Thereaf-
ter, the symptoms progressed very slowly. When he was
age 74 years, brain MRI revealed cerebellar atrophy with-
out obvious brainstem involvement (figure 2).
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Figure 1. Our hospital is in Sendai City, and is located
near the center of the Tohoku District. The Tohoku Dis-
trict is in the northernmost part of Honshu Island, which

is the main island of Japan. Its population is 10.7 mil- Figure 2. MRI showed cerebellar atrophy without ocbvious
lion, representing 8.4% of the Japanese population (127.7 brainstem involvement in Case 1 (table E-1).

million). In the present study, the addresses of all the
cases were geographically limited to this district.

Although the single nucleotide C—T substitution
in 5 UTR of the puratrophin-1 gene may not be
Discussion. We found that 16q-ADCA is a com-  pathogenic, the puratrophin-1 gene which is consid-
mon subtype (12.0%) of ADCA in the Tohoku District  ered to be responsible for 16q-ADCA is located in the
of Japan. In addition, we identified 7 cases with 16q-  region linked to SCA4.2 However, it remains to be
ADCA (5.4%) in the sporadic cases. determined whether 16q-ADCA in Japan is allelic

In Tohoku District, SCA-1 is the most common  with SCA4 in Utah? and Germany.’ In a previous
ADCA and showed an exceedingly strong founder  study in Japan, the phenotype of 16q-ADCA was dis-
effect.%" In the present study, however, the addresses  tinguished from that of SCA4.® A prominent feature
and birthplaces of the families with 16q-ADCA were  of SCA4 is axonal neuropathy, which is observed in
not geographically clustered as in the case of SCA-1 all cases with SCA4. Furthermore, preservation of
families (data not shown). eye movements is also characteristic of SCA4 pa-

Table Genotype frequencies of autosomal dominant and sporadic cerebellar ataxia in the Tohoku District

Mode of inheritance

Autosomal dominant Sporadic
No. of families 3 No. of patients Male Female No. of patients % Male Female
SCA1 45 20.7 68 41 27 0 0 0 0
SCA2 1 0.5 6 1 5 0 0 0 0
SCA3/MJD 38 17.4 48 29 19 4 3.1 2 2
SCA6 32 147 37 22 15 7 5.4 4 3
SCA7 2 0.9 6 2 4 0 0 0 0
SCAS8 2 0.9 2 1 0 0 0 0
SCA12 0 0 0 0 0 0 0 0
SCA17 0 0 0 0 0 0 0 0
DRPLA 24 11.0 30 9 21 0 0 0 0
16g-ADCA 26 12.0 31 13 18 7 5.4 2 5
Unknown 48 22.0 51 27 24 110 85.9 58 52
Total 218 100 279 145 134 128 100 66 62
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tients. In contrast, the leading symptom of 16q-
ADCA in Japan is pure cerebellar ataxia, and
neuropathy was absent in the previously reported
cases of 16q-ADCA from Japan.® Moreover, the mean
age at onset is older (55.9 years)® than that of SCA4
(39.3 years).?

In the present study, almost all the cases with
16q-ADCA showed late-onset pure cerebellar ataxia
including limb ataxia (97%), truncal ataxia (94%}),
and dysarthria (97%). In contrast, other symptoms
which are commonly seen in SCA4 were rare, with
only two patients (6%) presenting mild sensory dis-
turbance. The mean age at onset in our cases was
57.7 = 7.1 years, which is compatible with the previ-
ous report.®

Our patients with 16q-ADCA showed a phenotype
similar to patients with SCA6°' rather than those
with SCA4.* However, patients with SCA6 vary in
terms of the age at onset and the severity, because
these are based on the number of CAG repeats in the
responsible gene.? However, although nystagmus is a
common sign in all subtypes of ADCA including
SCAS6, only 5 (15%) of our cases of 16q-ADCA showed
nystagmus. Furthermore, although juvenile cases
(<25 years) were reported in SCA6, we found no
juvenile cases of 16q-ADCA in the present study (ta-
ble E-1). These findings indicate that the cardinal
feature of our cases of 16q-ADCA was late-onset pure
cerebellar ataxia and the cerebellar ataxia was not
compatible with that of SCA®6.

Interestingly, it was previously described that
42.9% of the affected members of a large 16q-ADCA

1302 NEUROLOGY 67 October (1 of 2) 2006

pedigree had hearing impairment.? In contrast, only
one patient (3%) showed hearing loss in the present
study.
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EWNTE, EHMOME= 2 -y BOMPENAS I LERDE, 2O HGF ORfikEAR S35
77 ALS OB E LTRBIEIFINE LD TH D, B, ALS BE~OHREHZEELTE
BEICH LTREREZT > TW5, 7, RS HlRSiselE R L £, 1097 ALS

BRMZEOBHRZ A L .

F—7— K S MZELAE (ALS), Cu/Zn superoxide dismutase (SOD1), FHUNEEREEA T
(HGF), ALS F ¥ A¥ 2=y 25w b, fRRGAIEBAH

FU®IC

PR R LEE (ALS) IZMREE O T L R b
HEREBLEZONTEY, U I UOTMES
Za—-BYINERNICEEIN I HREERE TS
3. % IEPEMBICRIEL, WRizahdegIc
Dl 2ETEOMER LB AR 5, D TPFER
BOEERTH 5, BRTRAEBOER - IR
THY, ZOBRBHRLMEIEINbDER L, ULV —
L(ILFy 7Y EREL LTRO N b D
B, HRPOE L OBE - JRIBEICE > TH LB
BREOBAENEEIN TV A,

Z O#EEE ALS OIEBHEOBFICIL, DALS DERKE

JUOEE G BEICHBA T 8 TR FRT 5,
D7 oWYE TN E G TREOMRE & L ORISR
Mz T2l LBBEELELOND, JOFZICED
FEE oL, RIS TS y MIcB TS ALS B
EFAEREHL, 20EF %AV THEO MRS
BT & LCHBE ST 3 FHREAMEEAT (hepato-
cyte growth factor : HGF) %5 ALS OER L HREE L
DI BMEETH> TS, TN DHADOER & XK
R ALS 12T 2 kT oM L LT, BIEFA
EPMRGHIIEBEE BN T 5,

1. ALS OREHAFZ—SOD1 BRSO EE—
ALS OFERICET 20, ¢ 100 £B o

2006 4 9 H 20 HZ#H

* New therapeutic strategy for amyotrophic lateral sclerosis.
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B 1 ALS OEHE LTHOZER Cu Zn SOD DS

Ehih h, BREHOBRGLRESNTETVLS,
AL TLESBIC X 2EES, Sy I v EBOFNR,
HRNRAFOERB, TLVANABER L EDE
HEENTE BERD ALS OFRFAcEESR S
NTLBDIE, - A= —=FFHFAF T4 A
L —+ (Cu/Zn superoxide dismutase : SOD1) JE{EF
TETH 2P, 1993 12 ALS BE DR 5~10% % &
b B RIEE ALS OFH TOBEENBITIFZ Y S
Sl ENAEFREETFO129THD, o bKRF
D ALS D EHEIZIMHEHTH 5 DT, SOD1 FHHF T2
To ALS OEHEZFAT 3 2 LidHER .,

L L, 20 SOD1 78 ALS OfFHR & L TEEEREI N
TORHEHOWL 222 1 IRT, B1-(DERT
&I ICE S ALS oFK R ORIz W T, SOD1 EIBF
OBREOHLHE (B, &) 1013 ALS BFREEL, BEF
BEoruE (O, O) iRz 59, SOD1E
EFORFHESZORAOEHEEHEEL T IHE
MhHD, $h, F1-Q) TRT X I, FEEHoMPHRE
L= 9 KBOFETIE, SOD1 DEEBEFEFEDELIC
LY RZROBEEOBRKBESHEINTLEY, T
Hhbbt, BEFEESFEED AL S THEL bIEH§
ZEREME SR I e, AT, Tk ALS 0 BHFICH
O SODL MBEFEREE <7 ADOREICH A
FTHIEICXD, BEEIVE L OHIEIIC ALS KR T
BLL 2 8E F Al s h s (X 1- (3), i

5 OHHEL SOD1 M TEED, <7 ADEH = 2 —
O VIR R B I TREORPIE,THE I L ERR
LT3,

L B A, ALS OFE%E SOD1 EETEED A TH
42 LICIREY S 50, D% ORI
THEMEE L > THEOEY T TABERSH, o
FIFAHSEA Z LGB THEELR L EEALS, JDX
3t H & BUA TR IS DT ALS O
RIS & itk OBREME 2D %1213, SOD1 R
WIS TR B Z L BEELEZ S,

. ALS RSV ATV WISy bOER

2R SODL MEFHEA THEMINHYE TV,

BEDEIARIAETFTNESy bETFLD 2 HE
MBHH, ThsOBPEFAEES>TIThR TV 5T
FIEEIW 2 DO FENH B, 1 2B E T IICHE
IoTwAEH - VBED, EDXILEFT
BT OLOEENETH B, I 1D0HHE
ik, ALS BT FA B BBEERICED 2 E0BIT 5
Nz, kb s AL sEEFILE, ZOMEE
DK E XL BWFE LR L BRI B © 7283, KGR,
bR THRICER T THES L ALSD T v
EFAD, FREEHEPEEEREORTEESATY
o

ALS ORESEEIC X, BECCHET 2BOEYOH
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Onset 144.7 days
Death 168.8 days = Control O Control
...... Tg & Te
Body weight (g) Movement
500 -
U A T | 40000
7 : : o____————o——*imr
Tg Rat with-H46R
o |
; 200 80 Age (days) 140 170
ey
control ALS rat Nagai M et al. J Neurosci. (2001)
B 2 #Hitd ALS 517 v F DA

Eau— bk L THIBERRESEEINTE D, ERIC
FETIE ALS BEAORRIEAR 7R B miE
SEAT OIS BRI AL LN TS, 2D L
3 e D & BULKE T, BT 7 TEAOEE
MRS o BB T T —F R TRICT 57
DIZ, BHE CuZnSODLEA P 7 vy A¥ 22y 7 ALS
Ty rERBEFELE (@2, ZOFIVAY 2=y
Sy ORI, FHHiigoEii= 2 —a i
BLORRNAZTSE - HEIa 60, & ALS Pé%
HEANCEE D 51D Lewy MMEICEBIL 7B A
HoNTwD, FIVvART v I b, E#D
2 2L TR 20 fEOREIVH B0, I
LRI OWESTRETH D, F - ERLBEFBHRA
DRI Z—DOBRNRELBO RS TH D, £7-E
SAEBBEIIEB B HEE (motor unit number esti—
mate : MUNE) bHEfTRIEETH b, AFHEDFHE I

ﬁmfééoﬁ%mﬁﬁﬁ?ﬁﬁﬁﬂi@m&ﬁﬂﬁ
ORI 52, FHANOEEEMIC X 5 cell replace-
ment therapy b & W 728 L WiHEERFEO LD ICHA
BEFNERDIELHFING, TRDLE, DTy
FEF AR BV TEEOBREREGY L TR CRA
LT, HLWBRERBRT 2 Z L 0RBIc Ao 7,

. ALS ODEFEEER

ALS DiBER OB IX, ALS OFR - WL £ 9
Shicl, RDOAFy 7L LTZORMEBIINLTON
SRERERZEZ5008ETH S, LrL, ALSOD
FHHRD E FHEBE TR VD, FLOBFEEOREE

UL

KA a2 10> TIFE L T bl 52w,
212003 E LT, loBsIcR L TSN
TWABEEOEHOFD S, Hij=2—a Yz
HHEOERE AT L HiENH B, TNTHRDIP-
BT TICESERIEIPD SN TR 20T, T
b ALS EEICH VA ESHSEA AN D, S8
A ERERIER SN T Vw5, 20 EL TR, W
oD ALS OFFEE - IR S RO H 5 #m
PRBEZOERTHE» O 5B, BT T AT ALS I
WY AEMERHEL T, BEOBEHEBIZL-T
WELTHA, 32HELTHE, 7 CIKIEBHRIC

xf U CHIBG A sk A3, RIS R iRk
L9200, ThHOLBEFRE H25vEME

SMlEBEEToNS, ZORTHREEE SRS
ﬂ%knfwa,%%@%%l¥%mm>®m5@%
BEHL L COEMEZENT
1. BFRRRIESEEFZ HW e ALS DBFARMR
ALS OFREIZHIRE TR 208, il = o —n VHE
DIREIIEA LTS SRS NTE TS, ZOH
HEAWET A LI EE o 2 —n U EEESE,
BEEE R 52 5 - 0id, ARERRT o~
ALS OREEH L LTSN T35, 2D 10~15 ¢
o8 CNTF, BDNF, GDNF, IGF-1%i3U & &L
7o DL OERIEERTIcowT, HANLGHET
ALS B# o L THEREBRThhd, FihEER
BhOERIKED-STWS,
Z@@ﬁ%%l%@¢fmsmfﬁ£®7 Bt &
THEAERLERE X TV 5 0 A a8 K T
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PR Sl B i ' P
PR e
H7AHEF—v 2{EH
R RS EH
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Ml =2 —u vy DETF
B = 2 — o v OZERHE

E 3 FAIEMET (HGF) O 4:WEa9fFA

(hepatocyte growth factor : HGF) T, KIRKZFDHH
W—olckoTru—=y 7 E3 Nk, HGF 12 4 D0
sy PG RF el ) v e T 7 — U
RO RMEL o b ~TF 1 2 BET, 1 KBEOTE
Y8 pro HGF & L TEE XN, Z0HETuky v 7%
2T 2 ASIENT HGF &5 (M 3), i&MH HGF
Oy dF—EZEE (c-Met) IKIEET AT &I
DR 7TV EERIT S, HGF 1344, 55T
HHaOMIEEE 2 HEICRAE SN, Z0BOTHR
DFER, FIIHRAE, o TbEE= 2~ i
T 5 AREE RO EPFER I T E L, R
Lt 513, 29 HGF 25 ALS OBHEIEICA D 9 51
BEPFARZHHO LI, BEFITHEMIC HGF #
BFEMEBERNCHEBRTA NI Vv AY 22y 7oy
2RfEML, ZOBAIS I VA 2y IR TRE
RREVYITALI VA 2oy ye ARERL
72, Thbb, ALS PS5 VAP 2oy 7y ADEE
Za—uviz, BHifich-->T HGF 2{EHX¥ 3
Ziickh, HGF O ALS IR T 2512 ML T2 E
BriTof, 2OME HGF 2 HEI¥L I LICLD,
BEORFERH L EREN1I A ADEEIRE L
MEINEY, T ORI HGF A3 ALS DR E L
TEETHBILERLAELDTH Y, BEETFO
THGF # ALS BE~OEFRHE L U BT % 5 1880
TOEBER>TVS,

2. ALS 5w hA®D HGF HiENRS5RER
HYOEENL—F ELTALS DREOEETD 3,
FHOES —2—v e LT, RIS L2DLE
IR ARIER 2 ENE T E MEREENEEEINT
WELAILS PP VAY 2= v Iy PRI TRET N
ICHRT, 2OV — Pk BERBENTRETH D
(4), ThETEESIZALS v ML TESE

Ry 7R THERCEETHEAM I b HGF
F Ry OREEREToC &), HGF 2 FBER D
100 Hiigr o 1 A Hich G L, B 1 VR Hk

HOEE 2 —u v ER L AR TIE, HGF &5
BB UL TREBRKENICEIES = = — o VEHME
FRTW 3 EAREN, HGF ORENES I3 ALS
EFNEPOEE = 2 — o VEEION LTRSS
HHTEPPEBEE R,

HGF @ ALS ~0EKICHZ BT, 8EF
MIBWT HGF 058, #5543 /8LU0E
SHBORNPEETH 5, N5 DEFOHT 200
tg @ HGF % ALS v |k DIERDIFAE L 2 Fellin o
BERIBDTSH, PohiHFMr LRI BENE
ST, Z DFIRIL, HGEF 285 Lad -7 ALS 5 v
FEFADOHMEMET 2 LM 16 FIERIES D
DTHoT, BIUCT v FOFME L FOFHE L
T B LR, 16 EOEMFITE M
BT 5 & ALS BEORASIC W3 s 34 L
ToE, ZNESECETTRIEETHENRENHL Z L
PEHELTED, 450 ALS ¥ % HGF ORHHE
DEASkIC Lo T, ABEHFTEIHRLEZIONS,

B, ALS 7 v N 5 HGF 0 EHEOEF O
B %iTo T3, 208 T ALS 7 v b TIHERSISE
By pEic, B CHEED HGF ORABRIZIE
BRRICHARTHEMLTE D, MATHEHRIZEB
T3 HGF OB B4 TH 3 c-Met DFBE LML T
B2 EDHE»OHSNTED, HROBEE IR
FEFEBMICTWwa b D EEL N, 7 I THEE
B & ixafiic HGF OfER 2 IIH$ 5 HAY T, ALS 7 v
Mz H HGF Fifk (IgG) # FAERTIc R E T 2 BB %2 1T
5 & ALS OFERHIIZRE H, L ofEROBIRIZ A
IETLTHRT T3 I EBHeRIIR T, ThH6D
HEEZBAETEE, ALS 5y MizBWTIEE = 2 —
v I I3 R HGF G ER L TE D,
LAY HGF 13 2 O/ER 2 8858 L ALS OFERETICHE
EMBERT I LRI NS, BENOBERICHE
B ARBIC T 2 - 0 ICBHEA OMEL &2 +oRE ¢
LZREDH Y, BEGEREEHAVZEFEEZT-
T3,

IV, 193EAA ALS ORER

1. BERFRROMA

FERAVIC ALS DIRBHE & L CHTBEMEDID 5 b DL,
BEFHEESETOND, JhUIRE(HTIT2D
DAEDD D, WROBRENLZER P 5BET
BEICHL CEETBEZITISEL, WBLELE)
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‘Tg Rat with G93A

ALSEEDOERKRICH A BIE L
et Ta % F A REPR

Osmotic pump \
{Alzet 2004) ~ .

Lumbar cord (L5)

Nagai M et al. J Neurosci. (2001)

4 ALS 7 v PTD HGF RN 5 EHE 7L OMRN

RHRRERNTOEBTE VA NARI Y=k FHL
T, BEINTLLEH =2 —0 VICERXE 2 AE
BBH 5, EHhTHHREKEBRATEHEE o~
{EHZE 274 NARY ¥ —~DIFEHE L {ThitTwy
3, MIERERTFOEEFEHAAEET, BivoM
BEAESTANVARI I —E L TAAV R7 F—P~
NRATANARY F— ED3H B, F s ciFE
HIRERZZ—ELTEVATANADS D, BIE
FORY I —DREPMAEZIN TS, ZhiEFRY A4
VA NADINER = 2 — 0 VICEBRRIIC T A R
ARALEZLOT, 27y —mERLINS L ALS
BETEE LT =2 —a v, EhY
WCREEHAMEATES LI ICRBY, 0L %
A THEETEBREEEET I, KVA 74 L 2HK
BEOBEEEZHLEILENH B L ELIC, X
HGF D & ) kBT 2 A Z Y 2igMEL, 7
DHBRIZH RV AT A4 N ZADEE) = o — 1 > BEpEaE
BT LDBHTHD, ZOBRTOWEITH
NTn3,

2. RSB ER
BETHEBELRU CERNZ ALS OREHR L LT
HHEN TV 01, HERHESMEEEIETS
N3, B —orokicHEiiEe L (BB
S L - RNRAIRE, Lo ABEIND LEEIN
ZIERBVEEISNTERDY, EEOFEICLS

&, BATE T S > 7 ) 7

fElc b § 2 RBBENR I N TE T 5, MiEEHIE
PREEFMTICTH o LOLSROMREMNEZ/E) 1

L, #2628 H=2—0 Yo oHb3eT, HE
ENBEOFMICREL T, HBEINET = 2 —
vy ofib ) & U TERBEEOFMASHER VP L
AEZTHS, IHICBIL TIEBE, BEL LT
REII D OB = 2 — L IcETHLX e 2 T ks
B> Twd, SOFEEER, 2L &
Za— 0 YEEBRNIZ ALS OBYOFFIICEAL T,
MRGEZHILT I LRI O E I h LI A
ThHd, IOEBRRIIBVTL, EOKRE WV ALS 5 v
FEFADBRAVENTEY, BHICEALLEHELS
BoE— - U EoABIICH > TESE LT
WE I EDPHERINTYDS, SHBIEI4EEL-EH
Za—u YRl iREEsMEXET, Fok)
R R TOrOBEPSNETH B,

L) 12E-> AL S OMBHMECET 5
ALS {BBEOW D #AD3H 5, ALS DEE F L OB
REET 3 L, EHORLESICE W TR
PP AHRTESLL TE D, BEIT X o T AR
fa, XS iEE =2 —uvicF oMb T 2 HEER
ALTWw3, ZOWERIRHaOMETE LIz, ALS &
VIHRRICH LTI 20EFHHO RS TR
ELEZIONE, OTNICL TH ALS DIRZRDBERT
0L HHEHEMAESHEL w30 T, 205
DHERE % ZIE &  HEERHa o3 ¥ 5 HEOHA
PHEERPTH B,

BEHOIC
ALS OREEZHSDICL, 2200 BRBEHRT
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3 LS AR REERZVAES TR WERIRT
12, ALS OEE F L% fl i S OERREEORH
RFRPEETH S, P THEESVHFL 2 ALS
FIVAY v Sy FOBYETARZHAVCT, b
DETHR S N MERERT O HGF % ALS RS
ELTHFEEL &I IR, RbE/REIh TV
LOD12THD, —7H, HEGHMEBEREDLEE
TR &SR ALS ORREIC R LI RERE
¥ REBRBECH B, FOFAEOTRIIHERICHE
HBLTWwE, 2N OWAROBRZHENL .

HEE

ARG TRAATEABICE L T, T oL O
FRERICEBLOTHY, LSBT LET,

b RFEMEAROEARIEZSE - Sl 5k - GE
Bk - AHFERTRE B - MK - N
BIEseA « AACE S - B D AT A, RBUOREEEER
BAEFEOME ket - PREEE, REREENS
OB/OEZ L, TENAL Y Y —LAEMOPIE B

Sk cEiE Pk, BICRSEARBIELO MRS e,
B & OEE IR EPIR ARSI X B TR

{LEEDTHE - FHE IS He 2 FHLAFE RO BT 2 W%
e DB DOFEEAETT.

X

1) Aoki M, Ogasawara M, Matsubara Y, Narisawa K, Naka-
mura S, Itoyama Y, Abe K : Mild ALS in Japan associated
with novel SOD mutation. (published erratum appears in
Nat Genet 6 : 225, 1994) Nat Genet 5  323-324, 1993

2) Rosen DR, Siddique T, Patterson D, et al : Mutations in
Cu/Zn superoxide dismutase gene are associated with
familial amyotrophic lateral sclerosis. Nature 362 * 59~
62, 1993

3) Deng HX, Hentati A, Tainer JA, et al : Amyotrophic
lateral sclerosis and structural defects in Cu,Zn super-
oxide dismutase. Science 261 : 1047-1051, 1993

4) Aoki M, Ogasawara M, Matsubara Y, et al : Familial

amyotrophic lateral sclerosis (ALS) in Japan associated

with H46R mutation in Cu’Zn superoxide dismutase
gene : a possible new subtype of familial ALS. ] Neurol

Sci 126 : 77-83, 1994

Gurney ME, Pu H, Chiu AY, et al : Motor neuron degen-

eration in mice that express a human Cu,Zn superoxide

dismutase mutation. Science 264 : 1772-1775, 1994

6) Nagai M, Aoki M, Miyoshi I, et al : Rats expressing
human cytosolic copper-zinc superoxide dismutase
transgenes with amyotrophic lateral sclerosis : associ-
ated mutations develop motor neuron disease. ] Neurosci
21 © 9246-9254, 2001

7) Nakamura T, Nishizawa T, Hagiya M, et al : Molecular
cloning and expression of human hepatocyte growth
factor. Nature 342 : 440-443, 1989

8) Sun W, Funakoshi H, Nakamura T : Overexpression of
HGF retards disease progression and prolongs life span
in a transgenic mouse model of ALS. J Neurosci 22 :
6537-6548, 2002

9) Jia O, Liang F Ohka S, Nomoto A, Hashikawa T :
Expression of brain-derived neurotrophic factor in the
central nervous system of mice using a poliovirus—based
vector. ] Neurovirol 8 : 14-23, 2002

[t

5





