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PBS-exposed sections served as controls. For the preabsorption
test, some sections were incubated with the anti-HGF antibody that
had been preabsorbed with an excess amount of human recombi-
nant HGF. Bound antibodies were visualized by the avidin-biotin-
immunoperoxidase complex (ABC) method using the appropriate
Vectastain ABC Kit (Vector Laboratories, Burlingame, CA) and
3,3’-diaminobenzidine tetrahydrochloride (DAB; Dako, Glostrup,
Denmark) as the chromogen.

Western blot analysis

This analysis was carried out on three fresh autopsy specimens
from spinal cord cervical segments: two SALS cases [2.5 years af-
ter onset (case 18 in Fig. 1, age 63 years) and 11 years 5 months after
onset (case 38 in Fig. 1, age 51 years)], and one normal individual
(age 68 years). In brief, specimens were homogenized in Laemmli
sample buffer (Bio-Rad, Hercules, CA) containing 2% sodium do-
decyl sulfate (SDS), 25% glycerol, 10% 2-mercaptoethanol, 0.01%

Fig.2 Detection of HGF and its receptor, c-Met, in the normal an-
terior horn cells of the spinal cord. A Light microscopic prepara-
tion of the anterior horn cells stained with H-E. B Immunostaining
with an antibody against HGF of the section consecutive to that
shown in A. HGF immunoreactivity is identified in almost all of
the motor neurons. Cytoplasmic staining is observed. No counter-
staining. C Normal anterior horn cells stained with H-E. D Im-
munoreactivity for c-Met of the serial section of that shown in C.
Almost all of the normal motor neurons are immunopositive for
c-Met. Diffuse staining of the cell bodies and proximal dendrites is
evident. No counterstaining. (HGF hepatocyte growth factor, H-E
hematoxylin and eosin). Bar A-D 100 um
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bromophenol blue, and 62.5 mM TRIS-HCl (pH 6.8). The samples
were heated at 100°C for 5min. Soluble protein extracts (20 ug)
from the samples were separated on SDS-polyacrylamide gels
(4%-20% gradient, Bio-Rad) and transferred by electroblotting to
Immobilon PVDF (Millipore, Bedford, MA). After blocking with
5% nonfat milk for 30 min at room temperature, the blots were in-
cubated overnight at 4°C with the antibodies against human HGF
and c-Met. Binding to HGF and c-Met was visualized with the
Vectastain ABC Kit and DAB. Appropriate molecular weight
markers (Bio-Rad) were included in each run.

Results
Histopathology

An essential histopathological finding of the spinal cord
in ALS was loss of motor neurons throughout the course
of the disease. In the specimens we examined, neuronal loss
was most easily recognized in the cervical and lumbar en-
largements. The surviving motor neurons showed shrink-
age, and lipofuscin granule-filled neurons stood out. Among
these residual motor neurons, some that were smaller in
size appeared normal. The number of motor neurons de-
creased with ALS disease progression. Reactive astrocy-
tosis and gliosis were also observed in the affected areas.
In the affected antero-lateral columns that were most pro-
nounced in the crossed and uncrossed corticospinal tracts,
there was a loss of large myelinated fibers in association




with variable degrees of astrocytic gliosis. Fiber destruc-
tion was associated with the appearance of lipid-laden
macrophages.

Analysis of the essential changes in the five cases of
FALS revealed a subtype of FALS with posterior column
involvement (PCI). This subtype is characterized by de-
generation of the middle root zones of the posterior col-
umn, Clarke nuclei, and the posterior spinocerebellar tracts,
in addition to spinal cord motor neuron lesions. A patient
who had survived for a long period, with a clinical course
of 11 years (case 2 in Table 1), showed multi-system de-
generation in addition to the features of FALS with PCL
Neuronal Lewy body-like hyaline inclusions (LBHIs) were
present in all five FALS cases.

The spinal cords of normal individuals did not exhibit
any distinct histopathological alterations.

Immunohistochemistry

When control and representative paraffin sections were
incubated with PBS alone (i.e., no primary antibody), no
staining was detected. In addition, incubation of sections
with anti-HGF antibody that had been pretreated with an
excess of recombinant human HGF produced no staining
in any of the sections. HGF immunoreactivity in normal
spinal cords was identified in almost all of the motor neu-
rons: cytoplasmic staining was observed with various
staining intensities (Fig. 2A, B). A similar staining pattern
was also observed for c-Met, the cell bodies and proximal
dendrites being stained (Fig. 2C, D). Almost all of the mo-
tor neurons in normal spinal cords co-expressed both HGF
and c-Met, although the staining intensity of positively
stained neurons varied. No significant immunoreactivity
for HGF and c-Met was seen in astrocytes and oligoden-
drocytes from normal subjects.

As for the anterior horn cells in ALS patients, some
residual neurons expressed both HGF and c-Met strongly
within about 2 years of disease onset (cases 1-15 in Fig. 1).
Both antibodies produced a cytoplasmic staining pattern.
Other neurons were either faintly stained by both antibod-
ies or unstained. Around 2-3 years after disease onset in
ALS patients (cases 16-25 in Fig. 1), the intensity of HGF
and c-Met immunoreactivity peaked in some neurons that
were positive for both proteins (Fig. 3). In ALS patients with
a clinical course of over 3 years (cases 26-38 in Fig. 1),
the number of residual neurons decreased strikingly, and
respiratory assistance became essential for most patients;
the residual neurons intensely expressing both HGF and
c-Met decreased with disease progression, while the num-
ber of residual neurons negative for both proteins increased
dramatically (Fig.4). At 11years 5months after disease
onset (case 38 in Fig. 1), although a small number of resid-
ual neurons were still evident, most of them were atrophic
and immunonegative for both HGF and c-Met. However,
even in this long-surviving patient, a few residual neurons
expressing both HGF and c-Met were observed (Fig. 5).
Thus, residual neurons that were positive for both HGF
and c-Met were present throughout the disease course in
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Fig.3 Serial sections of spinal anterior horn cells in a patient with
sporadic ALS after a clinical course of 2.5 years (case 18 in Fig. 1)
immunostained with antibodies against HGF (A) and c-Met (B).
Residual neurons intensely expressing both HGF and c-Met are ev-
ident (arrows). The staining pattern is diffuse in the cytoplasm.
Other neurons are either faintly stained by both antibodies, or un-
stained (big arrowhead). However, neither the HGF-positive neu-
ron (small arrowheads with P) nor the HGF-negative neuron
(small arrowheads with N) in the HGF section shown in A appears
in the section stained for c-Met in B. No counterstaining. Bar B
(also for A) 100 um

every ALS patient. Expression of HGF and c-Met by only
part of the neuronal cytoplasm and/or dendrites was ob-
served more often as ALS-associated degeneration pro-
gressed (Figs. 4, 5). Observation of only the H-E-stained
sections revealed no difference between the neurons posi-
tive for HGF and c-Met and those negative for both pro-
teins (Figs. 4, 5).
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Fig.4 Serial sections of the anterior horn cells in a patient with
sporadic ALS after a clinical course of 4 years 8 months (case 31 in
Fig. 1). A In the H-E preparation, residual motor neurons appear to
be atrophic. There is no distinction among these atrophic neurons
when observed in the H-E preparation alone. B Immunostaining
with the antibody against HGF. The number of residual neurons
intensely expressing HGF (arrow) is reduced in comparison with
that in the ALS patient after a clinical course of 2.5 years (Fig. 3).
Ouly part of the neuronal cell body and dendrite expresses HGF

(arrows and asterisks). The number of HGF-negative neurons is
increased (arrowheads). No counterstaining. C Immunostaining
with the c-Met antibody. Similarly to the anti-HGF immunostain-
ing, the number of c-Met-immunopositive neurons is diminished
(arrow). In contrast, the number of c-Met-immunonegative neu-
rons is increased (arrowheads). However, only part of the neuronal
cytoplasm and dendrite is positive for c-Met (arrows and asterisks).
No counterstaining. Bar € (also for A, B) 100 um

Fig.5 Expression of HGF and c-Met detected by immunohisto-
chemistry in a patient with sporadic ALS after a clinical course of
11 years 5 months (case 38 in Fig. 1). A Light microscopic prepa-
ration stained with H-E. Small and atrophic motor neurons are
seen. B HGF immunoreactivity of the section consecutive to that
shown in A. Although the residual neuron (double arrows) appears
to be atrophic in the H-E preparation, this residual neuron ex-
presses HGF: only a dendrite is HGF-positive (double arrows). No
counterstaining. C c-Met immunoreactivity of the section consec-

With respect to the LBHI-bearing neurons in the ante-
rior horns of FALS patients with SOD1 mutations, LBHIs
in the anterior horn cells showed co-aggregation of both
HGF and c-Met (Fig. 6). However, the intensity of cyto-
plasmic HGF and c-Met staining in LBHI-bearing neu-

utive to that shown in B. The residual neuron that appears to be at-
rophic in the H-E preparation is stained by the anti-c-Met antibody
(double arrows). A neuron negative for both HGF and c-Met can
be also observed (arrowhead). No counterstaining. Observation of
the H-E-stained section in A reveals no difference between the at-
rophic neuron positive for HGF and c-Met (indicated by double ar-
rows) and the atrophic neuron negative for both proteins (marked
by an arrowhead). Bar C (also for A, B) 50 um

rons was either weak or negative, Except for the LBHI-
bearing neurons, the stainability and intensity of HGF and
c-Met staining in the residual neurons of SOD1-mutated
FALS patients were identical to those of the SALS pa-
tients.



Fig.6 Serial sections of neuronat LBHIs in a familial ALS patient
with an SOD1 mutation (case 2 in Table 1). A In the H-E prepara-
tion, the neuronal LBHIs consist of eosinophilic cores with paler
peripheral halos (arrows). An atrophic anterior horn cell without
inclusions is also seen (arrowhead). B Immunostaining with the
c-Met antibody is strongly positive for the neuronal LBHI core
(arrows). However, the cytoplasmic staining intensity of the
LBHI-bearing neuron is weak. By contrast, c-Met expression is ev-
ident even in the atrophic neuron (arrowhead). No counterstaining.
C Immunostaining with the HGF antibody. The LBHIs show co-ag-
gregation of both HGF and c-Met (arrows). Even though the cyto-
plasm of the shrunken neuron is positive for both HGF and c-Met
(arrowhead), the cytoplasmic staining intensity of the LBHI-bear-
ing neuron to HGF and c-Met is weak. No counterstaining. (LBHT
Lewy body-like hyaline inclusion, SOD! superoxide dismutase 1).
Bar C (also for A, B) 50 um
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Fig.7 HGF and c-Met expression in reactive astrocytes in a pa-
tient with sporadic ALS after a clinical course of 4 years 1 month
(case 30 in Fig. 1). A Although only part of the neuronal cytoplasm
is HGF-positive (arrow), almost all of the neurons are either
faintly stained by the anti-HGF antibody, or not at all (arrow-
heads). No significant HGF immunoreactivity is evident in astro-
cytes. No counterstaining. B c-Met immunoreactivity of the sec-
tion consecutive to that shown in A. c-Met expression is observed
in reactive astrocytes. In general, c-Met-positive reactive astro-
cytes are frequently present around the neurons negative for HGF
and c-Met (arrowheads). An astrocyte in contact with a neuron
negative for both proteins intensely expresses c-Met (arrow and
A). Only part of the neuronal cytoplasm is immunopositive for
HGF and c-Met (arrow). A c-Met-negative neuron (arrowheads
and N) in the section stained for c-Met in B does not appear in the
section stained for HGF in A. No counterstaining. Bar B (also for
A) 100 pm
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Although no significant HGF immunoreactivity was
found in reactive astrocytes in any of the ALS patients
throughout the disease course, c-Met was expressed in
these cells. These c-Met-positive reactive astrocytes were
frequently seen around neurons that were negative for
HGF and c-Met (Fig.7). Reactive astrocytes in contact
with neurons negative for both proteins showed intense
expression of c-Met. The number of reactive astrocytes
expressing c-Met tended to reach a peak around 34 years
after ALS onset (Fig.7), and thereafter decreased along
with disease progression after patients had begun to re-
quire respiratory assistance. Oligodendrocytes showed no
significant expression of HGF and c-Met,

Western blot analysis

When the tissue homogenate of each fresh cervical seg-
ment of the spinal cord was examined by immunoblotting
for HGF, double bands at positions corresponding to ap-
proximately 34 kDa and 69 kDa were observed, i.e., those
with the same mobility as human HGF (Fig.8A). Im-
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Fig.8 Western blot analyses using the antibodies against HGF
(A) and c-Met (B). A 20-lig amount of the soluble protein extract
from each sample has been applied to each lane. A Molecular mass
markers: / bovine serum albumin (66 kDa); 2 ovalbumin (45 kDa);
3 carbonic anhydrase (31kDa). Lane a A sporadic ALS patient
with a clinical course of 11 years 5 months (case 38 in Fig. 1), lane
b: normal control, lane ¢: a sporadic ALS patient with a clinical
course of 2.5 years (case 18 in Fig. 1). Double bands with molecu-
lar masses of approximately 69 kDa and 34 kDa are observed in all
samples. The intensity of HGF immunoreactivity in lane ¢ (ALS
case 18) appears to be identical to, or slightly stronger than, that in
lane b (normal). In contrast, HGF expression in lane a (ALS case
38) appears to be lower than that in lane b (normal). B Molecular
mass markers: I myosin (200kDa); 2 B-galactosidase (116 kDa);
3 phosphorylase B (97.4kDa); 4 bovine serum albumin (66 kDa).
A single band corresponding to about 140kDa is detected in each
sample. Expression of c-Met in lane ¢ (case 18) is stronger than in
lane b (normal). However, the level of c-Met expression in lane a
(case 38) is decreased below that seen in lane b (normal)

munoblotting showed that the intensity of HGF immu-
noreactivity in the SALS patient with a clinical course of
2.5 years (case 18 in Fig. 1) appeared to be identical to,
or slightly stronger than, that in a normal subject. In the
SALS patient with a clinical course of 11 years 5 months
(case 38 in Fig. 1), HGF expression was less than that in
the normal subject. This observation supported the results
of HGF immunohistochemistry.

Immunoblotting for c-Met revealed a single band cor-
responding to about 140 kDa in two SALS cases and a nor-
mal subject (Fig. 8B). This molecular mass was compati-
ble with that of human c-Met. In the SALS case at 2.5 years
after disease onset (case 18 in Fig. 1), c-Met was expressed
more strongly than in the normal subject. However, the
level of c-Met expression in the SALS case at 11 years
5 months after onset (case 38 in Fig. 1) decreased below
that in the normal subject. This finding reflected the c-Met
immunohistochemistry results.

-Discussion

HGF is a heterodimeric protein composed of two poly-
peptide chains (69 kDa o chain and 34 kDa [ chain) linked
together by disulfide bonds [25]. HGF has four intrachain
disulfide loops, called “kringle” domains, in its o chain
[25]. In vitro, HGF is one of the most potent neurotrophic
factors for motor neurons [6]. The HGF antibody used in
the present study recognizes both the o and B chains.
HGF acts via its receptor, c-Met, which is a transmem-
brane protein of 190 kDa, consisting of a 50-kDa extracel-
luiar o subunit and a 140-kDa [ subunit with a tyrosine
kinase domain [29]. According to the manufacturer (Santa
Cruz), the c-Met antibody recognizes only the 3 subunit.
This is consistent with the results of Western blot analyses,
where use of a normal tissue homogenate yielded double
bands of approximately 69 kDa and 34 kDa with the anti-
HGF antibody, and a single band of about 140 kDa with
the anti-c-Met antibody.

Under normal physiological conditions, HGF and c-Met
immunoreactivity in the human spinal cord anterior horns
was primarily identified in the neurons: cytoplasmic stain-
ing with antibodies against both proteins was observed in
almost all of the anterior horn cells. Considering that HGF
has extremely potent neurotrophic activity and acts through
c-Met, our immunohistochemical findings indicate that
even under normal physiological conditions, spinal motor
neurons maintain themselves via an HGF-c-Met autocrine
and/or paracrine system. No significant HGF and c-Met
immunoreactions were seen in astrocytes and oligoden-
drocytes. Even if the astrocytes and oligodendrocytes pro-
duced only infinitesimal traces of HGF and c-Met, the
protein production levels were below the limits of immu-
nohistochemical detection.

A very striking feature was the presence of certain
residual motoneurons intensely co-expressing both HGF
and c-Met throughout the disease course of ALS. This
suggests that the HGF-c-Met system may represent an en-
dogenous survival mechanism that is activated by ALS

— 100 —



stress. Although some neurons co-expressed HGF-c-Met,
while many were negative for both proteins among the
residual motoneurons affected by ALS, there was no ap-
parent difference among these residual ALS neurons
when observed in H-E preparations alone. Those residual
neurons showing high co-expression of HGF and c-Met
would be less susceptible to ALS stress and protect them-
selves from ALS neuronal death. In addition, the residual
neurons that are immunopositive for HGF and c-Met
might maintain their viability via an autocrine and/or
paracrine mechanism involving the HGF-c-Met system.
This hypothesis is supported by the fact that HGF is one
of the most potent survival-promoting factors for motor
neurons, being comparable to GDNF in vitro [6]. Because
of the neurite outgrowth-promoting property of HGF in
vitro [7, 10, 22], residual neurons that are immunoreactive
for HGF and c-Met might show enhanced neurite out-
growth to other neurons and regenerate the neuronal net-
work to compensate for any functional deficiency and
neuron loss. In other words, those motor neurons showing
up-regulation of the HGF-c-Met cell-survival system,
which is normally present in neurons, might show en-
hanced cell survival in the presence of ALS stress. In con-
trast, breakdown of the HGF-c-Met system in ALS motor
neurons that are barely viable would result in cell death,
and many residual neurons that are unable to express HGF
and c-Met would be ultimately moribund. It remains to be
determined whether this HGF-c-Met up-regulation is a di-
rect or an indirect effect based on the pathogenesis of
ALS itself, or whether HGF and c-Met play a primary or
a secondary role in attenuating ALS-related neuronal death.

Focusing on FALS with SOD1 mutations, the SODI1
protein (probably the mutant form) aggregates in the ante-
rior horn cells as neuronal LBHIs [14, 15, 33]. It is of
great interest that these LBHIs corresponded to structures
immunostained by both antibodies against HGF and c-Met.
The cytoplasm of these LBHI-bearing neurons was only
weakly immunopositive, or even immunonegative, for HGF
and c-Met. Such sequestration into LBHIs has also been
observed for normal constitutive proteins such as tubulin
and tau protein [15, 16, 17], and this resulted in partial im-
pairment of the maintenance of cell metabolism [15, 16,
17]. Although we cannot readily compare the sequestra-
tion of normal constitutive proteins with internalization of
a cell-survival ligand-receptor system like HGF and c-Met,
these findings lead us to speculate that internalization of
HGF and c-Met into LBHIs in FALS patients may partly
contribute to the breakdown of HGF autocrine and/or
paracrine trophic support in these neurons and may be one
of the endogenous mechanisms that accelerate neuronal
death. This hypothesis would appear to be compatible
with the aggregation toxicity theory.

Reactive astrocytosis and gliosis were observed in the
anterior horns of patients with SALS and FALS. Based on
observations of H-E preparations alone, these findings sug-
gest that the reactive astrocytes merely fill the spaces cre-
ated by neuronal loss. It is noteworthy that these reactive
astrocytes in both types of ALS expressed c-Met. Thus, it
appears that c-Met induction in reactive astrocytes is a

:
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common feature in ALS patients. It should be noted that
astrocytes, in contact to neurons that were immunonega-
tive for both proteins, intensely expressed c-Met. This may
reflect c-Met regulation in astrocytes through an astrocyte-
neuron relationship. Astrocytes play important roles in sus-
taining environments within the central nervous system,
including neuronal maintenance [20, 32, 34, 37, 39]. Neu-
ronal vulnerability to oxidative stress or toxicity is greater
in neurons cultured alone than in neurons co-cultured with
astrocytes [4, 5]. It has been shown that the activity of the
glial-specific glutamate transporter (EAAT2/GLT1) in spi-
nal cord astrocytes is selectively diminished in human
SALS [30, 31] as well as in the SOD1-mutated ALS
model transgenic animals of G85R [2], A4V [38], 1113T
[38], and G93A [1, 13]. Therefore, it can be postulated that
HGF might protect c-Met-positive reactive astrocytes
from down-regulation of the glial-specific glutamate trans-
porter (EAAT?2) via the HGF-c-Met system, and increase
glutamate clearance, thereby leading to a reduction in glu-
tamatergic neurotoxicity and resulting in promotion of
neuronal survival [35]. However, 3—4 years after ALS on-
set, the number of c-Met-positiv reactive astrocytes de-
creased along with disease progression. These findings
suggest that breakdown of the HGF-c-Met system is in-
volved in the impairment of both astrocytic function itself
and astrocyte-neuron relationship at the terminal stage of
ALS. It remains to be determined whether this considera-
tion applies to a degenerative condition such as ALS, in
which affected astrocytes do not have a normal control
mechanism. Taken together with the fact that overexpres-
sion of HGF has been reported to attenuate motor neuron
death and prolong the life-span of FALS transgenic mouse
model [35], our data in this report may lead to the devel-
opment of a new HGF-based therapy for ALS, which for
over 130 years has had an unknown etiology.
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Fig.1 Relationship between the duration of the dis-
ease and the mutations in the Cu/Zn SOD gene that
have been reported form the Department of Neurolo-
gy, Tohoku University School of Medicine. The muta-
tions that we have introduced to Tg mice are indicat-
ed by the solid bars.

H & R DL O S E THDIEIR O HAT b iR T
H 5728, FEHIE O B ERR O RO
BRHOFMICEFEREEZ 5N 5. Cu/Zn SODE
BFERIIMEIRERALSB L UBEOLE R
CwZn SODBIZTFEATg~ 7 A BT A
WZOWTIEME S ORSHEBR S0,

2. ﬁbuTgvﬁZ%Twmﬁikiéﬁ%

BOBER

RALRZRRERE T Tz, BAAL3
KFORFEMEALSIZ B v T 108 @ Cw/Zn
SODEMEFEREZHMEL TE/ ThTITOW
REOMEIZLY, SHEBRERZIVBIZFD
RN E > TBY, FIZITHL46RER % {f
IRRDBE I TP 16.8 £6.84EI1Tb 7
HEDLOTERIRLETER LYY, bbb
CEIEFIZER L O b ORISR E 2Ev
BHLNTWE (Fig. 1), 22 Thhbh
i%ﬁﬁﬁwﬂuiéwrmwﬁw PRI TR A
BOES ZRET HBERERET 572002, [HHE
FERATIER ITRIE 72 H46RE R I X UNEGA A 25
ZL8AVER™ (Fig. 1) 2BA L7727 A% [F—
OEEHNERCHERT LI E2BBLE. 207
WIZETE N ASLT5) —pbTaE—%
—HiEz &8 e F CuwZn SODEEZEFEEL B
L, site-directed mutagenesis % % i \» T & 28
WA (H46R B L UL84V) ZEA L Tgv 7 A
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Fig. 2 a, An affected mouse from the L84V-I51 line
mutant developed weakness in the forelimbs. b, An
affected mouse from the H46R-A70 line developed
weakness in the hind limbs. The mice in H46R-270
line always develop weakness in their hindlimbs.

DR Z To72. ThFTICH46RERZHEAL
eTg< 7 AF 2R/ HELN, ZobLEALL
ZH Cw/Zn SODEANE L B L2~ v X (W70
Sf) W, HEHK 150 B BB OB TR E
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L7, FHZCBULHEEEED 2D O Cu/Zn
SODH MR T LT w7z, m¥ar Hag, #enT
AOEH = 2 —0 v OEW - HEIALR, ALS
BEIZFO 55 Lewy body-like hyaline inclu-
sion IZEHP. L - HAKTRZ DO SN TWBHY, —
F, L8AVERZEA L 7-Tg~ 7 A 3B RS
b, ZOIEIRMICTKENALNTHSE,
CCHEBRIEWT ST H46REBR # B A Lzw Y
ARFITRTEBEPSORETH 5 DIIH LT,
L8AVERZEA Liz<y 2 —ETEH 2 %0
e & OFENRD Sz Fig. 2)7. oz
ke NFREEALSIZB W TH46RER &0 5
KPZETTEDPSREVFEDONDIDITH L
T, L8AVER L) KR T LD O RIEH
OONLI LRI CHBRLTYE, S5T34ak
FEWE A 180 H L2 IZ W 0 R4 (51 & 70
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Fig. 3 a, Kaplan-Meier survival curves illustrating
the age of onset (mean 184 d) and death (mean 189 d)
for the L84V-I51 line. b, Kaplan-Meier survival
curves illustrating the age of onset (mean 153 d) and
death (mean 184 d) for the H46R-A70 line. The
dashed lines with black dots designate the onset
curves (percentage without weakness), whereas the
solid lines with black square data points designate
the survival curves (percentage surviving).

BME) CTH46RZER X LSAVEARZ LK T 5 &,
RN HIBE T TORMIILSAVER (I51) »°
13.8 H X H46RZ® (R70) 257 H LRI L T
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LTwah"?,

F -5 RER L 72 Tg~ 7 A X H46R, L84V
BEELLIZSODWHEMN 2 LR 89, filsmc
D RN e otz O EEEEDT Y
AICHBLTINGDY Y AT LY e OIS
MWETFVTHELEEZOLNSE™, 5BIIING
DO AERAWT, BREOENEJFET LHET
R RBEDRETH B & R, WEWHFREORFEOR
HELWIRFEINS.

Fig. 4 An affected transgenic rat from H46R-4
demonstrates hindlimb weakness and abnormal pos-
turing with segmental spasticity of the tail.

IL FS2RP =9y (Tg) v MIED
HUWALSEF I

Mo X HIz, ALSOEFIVEM & LTIEHE
KTy ANRHWSNTELD, FICHEBOEET
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DOFRIEAR » 7 & iz R/ T oREN
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H 5B E T NVIIBYT L FRREMEICNY S
WRN T 7u—F 2L 3570012, R
XEXMPTTCERCWInSODEATg I v Mk b
ALS EF VOERIZED) L7z (Fig. 4)'.
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Table 1 Lines of transgenic rats expressing human Cu/Zn SOD with H46R or G93A mutations™

Relative Cu, Zn SOD Age of t (days) Duration (days)
e of on

protein level (human/rat) g¢ ot onset (days uration tdays
H46R-4 6.0 14471+ 6.4 24.2+2.9
H46R-13 3.0 - -
G93A-39 2.5 1186+ 14.1 8.3+0.7
G93A-24 0.8 - -
%<, WEMD T v  Cuw/Zn SOD & D% & Bbijic

HEH6RETH o7 (Tablel).

H46REA B L UGISAZERZ L OTgJ v b
EHIZEAZINAZERE b Cu/Zn SODER 2%
CHBLZRHM (H46R-4 5 L FGI3A-39) |2
BOTEH = 2 -0 VIROIEROFEIEIED S h
Twb (Table 1). FHEE, “Oo0ERAPEA L
72Tg7 v PEDBEOHIETCHE D, i
B, TR & AT LIEICE 5 72 (Fig. 4).
H46R-413144.7 H THRIE L, 24.2 H OF58 T
T L7 G93A-391F1186 HTEHHFEL, 830D
FEHTRHRC LA, AR Cw/Zn SODEHORIE
1 GI3A-39 D FF A HA6R-4 I L TA v D
Wb 5T, GISA-3913 L ) RENCHIEL,
POIFEIZBARLMEITER LTS (Table 1).
CHEHIB DT A ERIEEICS » MzBWT
HbEALLERNGISAZROR R E VL EHE
RL, HREED BB LBZWML L % 1<
BHLTWY,

SEWERE N/ TgS v FTREERDOT Y 212
HELTH20EOKREE 2L D701, HEs
W (REI) OWRIUB X O 22 & O R R 81
THERHORZ ¥ —ORERNRS RS LD TES
TH D, R BEFIHEE GO LH LA
EHEDIOICIERCHERZEF NV ER DB I LN
MEFEEND, EBEbhDbNEZOHF L WTgT v
ML, R 7288 U O #RNT
BDNFR LA ETHE SN B MOEERTF T
@é%%%%%@%mﬁ&8®mﬁ%%ﬁ?@
BOENTE S & RIS AT V2 ORI & 5 L
TV D, FRENIIA R O Bl i 5. 20 35
M~DOBMOWTRETH ), SHOMIEDORRIE
VOoZENHFEINS.
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1993 4E D ALSIZ B 1F 5 Cu/Zn SOD H iz T2
ROFBAEREREOALS LT vz 2 b CEE
BREV, COBRGTFREZEAL-EFTVEY
DIERPEA TV B, SODORKEICL Y 28
BRWICEE = 2 — 0 VPBEEL ST 200 0%
BRIFIIRARE LTAMTH Y, ThhsoiE
THbH, ALSOREOMED 5 I35 L v g
BEORREDI=DITEFVEIWOR BB L 070
fENTIZMEE Bb A, $£77, 200138
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ALS2D[EEDFTb, ZOALS2EIET XY 7
VAT LAF PR 2 — F45 2 &34
EINTWEY, SLIZIEDNARA 707 LA
ETHHLAERBARET 707 74 ¥ J
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TTLoDH N ™, FilhMRAIcET BETRE
DY OIERBLEEEZ 5N 5.
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Development of New Transgenic Models of Amyotrophic Lateral Sclerosis

Masashi Aokt and Yasuto Itovama

Department of Neurology, Tohoku University School of Medicine

Mutations in Cu/Zn superoxide dismutase
(SOD1) have been linked to some familial cases
of amyotrophic lateral sclerosis (ALS). In order
to reproduce the different degree of toxicity to
the mutant protein by mutations, we generated
new transgenic mice with two mutations from
which the progression of the disease in human
family is rapid (LL84V) or extremely slow (H46R).
By comparing the two transgenic mice with dif-
ferent SOD1 mutations, we demonstrate that
the time course and the first symptoms in these
mice were likely to human SOD1-mediated fa-
milial ALS. Similarly to the previous studies of
SOD1 mutant familial ALS patients and mu-
tant SOD1-expressing transgenic mice, Lewy
body-like hyaline inclusions in the motor neu-
rons in spinal cords are seen in the L84V and
H46R transgenic mice. These transgenic mice
do not have elevated dismutation activity. It is
probable the reason why these mice has little

532 R Vol. 20 No.5 (2003)

vacuolar pathology. Because the vacuoles are
usually undetectable in human ALS spinal cord,
we think that 1.84V and H46R ALS transgenic
mice precisely demonstrate pathological chang-
es that occur in human ALS.

In addition, we report here that rats that ex-
press a human SOD1 transgene with two differ-
ent ALS-associated mutations (G93A and
H46R) develop striking motor neuron degenera-
tion and paralysis. As in the human disease and
transgenic ALS mice, pathological analysis
demonstrates selective loss of motor neurons in
the spinal cords of these transgenic rats. The
larger size of this rat model as compared with
the ALS mice will facilitate studies involving
manipulations of spinal fluid (implantation of
intrathecal catheters for chronie therapeutic
studies ; CSF sampling) and spinal cord (e.g.,
direct administration of viral- and cell-mediat-
ed therapies).
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5721738 P e, HGE AYALS O iRe L CiE
B a—0 i, FOEERBICERRET A ol
A P CEELBESH-TWE I EATRBE SN,
2. HGFEEFHRITIALS v ADEE=1—0O
CRENHIT S

HGF B 7% MEHFRNICERT 5 <7 A (HGF-
Te) # £ L, HGF-Tg & ALS-Tg £ D ¥ TNV 5~
AV xzy <y X (ALS/HGF-Te) # 5% +5 2 &
T, ALS-Tg O - HGF BT 2 BB S ¢/
WA BN L7 (K1), B AR (wildtype) v 7 A &
HGF-Tg iZW ¥ b BRipi Ao KB OEHH =2 —0 >~
R SHEROWMEIZELE RO VA, ALS-Tg T 0
MOSERIC A Ub$ 0 08 L - = o — o
VR B, —H ALS/HGF-Tg 2 B> TId s K/
B2 -0 ESEBEREOLIERS, HGFIZ LD
ALS-Tg 2B A EB) = 2 -0 VAR TEH 2 &
BHOPI o7 (M 2A), KWT, ALSIZBW T
EE) = 2 -1 BRI L DR SRR I EE
LT3 5 &, ALS/HGF v A TIdEE =2 —1a >
DAL TR SN D Z EDH LN E -7 (I
2B) o

3. HGFOEBAHZXL (K 3)
FRTiEvi LCHGE S ALS OE = o —1
EHEWHTEOTH A ) 2o ALS DM, FH#IB X
DRIBIZB I 4B > W T HGF 5 2 2 %) 8%
NERRHT LT oo £ DGR, HGE I3 ALS-Tg @
SRR B D BB = 2 — B DA AN 1D
SR A I T A2 &, NOS OFBFHE % i<
LD LML ko, TNBIE, HGF NES) =
o0 WCEEEH U GER = 2 — 1 25N, ML
ARET A AR WT WA EAERLTWS, T
b, ALISICBWTHGF PN EE — 2 — 0~
FRBERZ LD EPHL IR o7z, —JF c~Met
DFEBENE N5 — 5, HGF 3R R B 1213 I
7 AP A MIHER LT AR RR S 1L
Bo EELITMBEBEDO 7 Vs 3 VO )T T VA
WCEELR ) THIRERG VS I VERN T VAR
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\NSE-HGF-Tg]|

! | I

WT HGF ALS(G93A) HGF/ALS

1 HGFTg & ALSTg X B O E KX NSE-HGF-Tg & Neuron—
specific enolase ¢ promoter @ F it IZ rodent HGF gene % % > 72 con-
struct 1 & D ES L - RIC HGF 258842 9 v AV =2y
7w A, ALS-Tgid b b ALS BIKEE T TdH 5 SOD1L(GI3A) & 5 H]
L¥ FALS FABEOFREY T ALSTTFN I VATV 20 7T A,

843

2 HGFOBHEH_21—O HBEESICTOMEEHE (%) ICHT2FE HGF EHFMEH -2 —D »
OHINE L F OGO, MERMIER A IMET 5, A ER = 2 — 0 > M CEBERT O Cresyl violet H%),
B ES = o — O (R . B RARTAR GERIRERAE) © b VA VY T —BefaiR, wild | wildtype ¥ R,
HGF : HGF-Tg, ALS: ALS-Tg, ALS/HGF :ALS/HGF ¥ 7V I VAV x =y 7 <7 A

HGF |

AN

EEF =2 —OVICHTD FAMOYA hENLUE

BEEMEREEAR fel i EF
\%

R IR KT EAATZ EEI—a—OVICHTS
2 = s Iy I U BEBEEOEM

PARAN-E 1 BR glé:incg% : -
DENEHY . TNEZI B RR—
- NOS B Dl {2 4 — (EAAT2/GLT-1) @

FEIR L R DHERE
B —a—0O» S . e

X3 HGFDEASFAHZXLOERAR HGF i, DEE=2—0 v CEEEAL, 7 A8-¥ 1 0RBFHE

2 NOS D3 HFE

BRI A I L TEB S - O VAT S, WhWwAMEERERM L, 2) 7 A MU b

WRBT2 7)) THRBEEN VY I VEEN T VAR-F —ORBETLZIHTZ 2 L CHEMNIES -2 —T
YADTNE I UBEEAIRTS, EROMBEEERNFIREOLVERAO 200 A N ZX e LT

ALS DIRRESFEIC

FHETHEERALND,
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wildtype ALS

Stride (cm)

¥
-

- 2003410 A

O Wild

® HGF

A ALS / HGF

AALS

] H ]

6 7 8
T (A)

M4 HGF OEEHECHT 3/6M HOF B 4%+ 2, Wild v 2 & ALSTg
D7y TN MEEE)EZFOHRBEEERE LD ),

¥ — (EAAT2/GLT-1) 75, ALS DBEE X AT BWTH,
FOCHET A S a4 b osEsh = o — o R L
T 5 2 &R (astrocytic foot) 12 B W TR I T LTw
BHZ LIZEHL, HGF @ EAAT2 EH L~ 2xd$ 5
RYF G L7, FOES, HGF 25 ALS-Tg R #112
BIHEH EAAT2 L NV OER KT 2 HiH <
EBHZEFHEOPER T, COERMPHGE D7 A

MR MO 5 ERER G2 5T 57290,
wildtype ¥V AB L FALS-Tg w7 A6 7 A b
AMNEHREL, HGF0SEET A a4 MBl 5
EAAT2 B L XNV EZWIMTELPFMLT2 72 R
77y MEFOKE, HGF 2 X Y wildtype D #
LT ALSTg DT A Fud 4 b @ EAAT2 b i#8h<
EHIENHL ML o7, L ED S, HGF i ALS
RN ES) 2 — 0 DV I UEENE T
AR A AU CREMICEFESETWwA I &8
e S 7S, EAAT2 55 BUEIE (3 BEAN O ik 2 38
WA mEO L WEHTH B,

4. HGF 3, ALS-Tg OEBEEE L, H0%

EET3(X4)

Z T HGF O _ERLfEH A5 ALS-Tg O E B bkhE
HRWEIIRMLINDEDTHAS S H, HGF @ ALS-
Tg V5T 2 EEIRERE I K5 B DSR4 IS 7 A b
ETy M) Y M TAMILBEBIGTEMT AL, W

HEDICALS/HGF-Tg 2 B\ CEB S REAS KR L 2k
EINTW/z, 3512 ALS/HGF-Tg 12 B\ T
FAERFH E FGW I D AR Lz ZRide MCH
MBREY L L6 FMOFFEEFICHY S 29,
PLbE> S, RIEMEALS % KB4 5 ALS-Tg 12DV,
HGF 2° ALS DR FHHICWETE A 2 EHPHL 2
Wi ol

5. HGF & c-Metlib P ALS ICHWTH R

RAFHZZT V3B

b R ALSHERI Tl c-Met & HGF O 53 L~ U A3
Bl o TnAEE o -0y v o —1 %R
ELTWD, B PAISEESADOEFEMICBVTE
HGF & cMet OFEIHIHNE ALS-Tg & FEARBIZE L
INE =R R LW, BRICFKEE ALS O R 6§
ZMEALS 12 BT ALS-Te FIRE O S8 BHI M & 21
Tzl &Eh s, HGF-c-Met ¥ A 7 LSRRI & 4
M ALS O LB R RE ICITIG U C RSB % 21 i ae
HEATHRNICE) C RSN & # 2 57z, HGE
WALS Tg DREEZ /L, HHEEMRELTTI &,
F/HGE & cMeth b FPAISE E S AICBWVT,
KIENE - R0 b 659 ALS-Tg & RO R
WMEZIF T2z bdh, HGFid v MicBW TR
TRMED B0 & FTHESEVEALS 104 LT b B 2 1h B
L AR E NS,
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M523 L C Bt R Th 5 HGF %3
FEENGERT & 2 ARSI S NS, 55BIE, £
B M ALSICBWTHIHEENR LRI 0 L) iR
LTWL DB IVETHL, EEHIL, 2
DEMOZZO, e by a3y ¥y - HGF £HE,
2)HGF E ¥ B o ar ookt o
TWwh, &bhdbALSH P EA, Tk uwj»;re
ﬂ#éﬁbw(%&#%”éﬂéLt%%

Tw%o

X #

1) FARITH, HTE—, FEEE 21 L OH LWIRER
¥ BIRTEA L OBE PG, BUERE 34 1 2541, 2002

2) Ebens A, Brose K, Leonardo ED, Hanson MG Jr, Bladt E
Birchmeier C, Barres BA, Tessier-Lavigne M : Hepato-
cyte growth factor/scatter factor is an axonal chemoat-
tractant and a neurotrophic factor for spinal motor neu-
rons. Neuron 17 : 11571172, 1996

3) Funakoshi H, Belluardo N, Arenas E, Yamamoto Y, Cas-
abona A, Persson H, Ibanez CF : Muscle—derived neuro-
trophin—4 as an activity-dependent trophic signal for
adult motor neurons. Science 268 ; 1495-1499, 1995

4} Funakoshi H, Nakamura T : Identification of HGF-like
protein as a novel neurotrophic factor for avian dorsal
root ganglion sensory neurons. Biochem Biophys Res
Commun 283 : 606-612, 2001

5) fInEE ¥, R 21 HHS O LVIASRE S ik
KA AT LB WM G O R REbE. BACER 34
245-253, 2002

6) Funakoshi H, Nakamura T : Hepatocyte growth factor :
from diagnosis to-clinical applications. Clin Chim Acta
327 :1-23, 2003

7) Gurney ME, Pu H, Chiu AY, Dal Canto MC, Polchow
CY, Alexander DD, Caliendo J, Hentati A, Kwon YW,
Deng HX, et al : Motor neuron degeneration in mice
that express a human Cu,Zn superoxide dismutase mu-

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

845

tation. Science 264 : 1772-1775, 1994

Hadano S, Hand CK, Osuga H, Yanagisawa Y, Otomo A,
Devon RS, Miyamoto N, Showguchi-Miyata J, Okada Y,
Singaraja R, Figlewicz DA, Kwiatkowski T, Hosler BA,
Sagie T, Skaug J, Nasir J, Brown RH Jr, Scherer SW,
Rouleau GA, Hayden MR, Tkeda JE : A gene encoding a
putative GTPase regulator is mutated in familial amyo-
trophic lateral sclerosis 2. Nat Genet 29 : 166-173, 2001
Hamanoue M, Takemoto N, Matsumoto K, Nakamura T,
Nakajima K, Kohsaka S : Neurotrophic effect of hepato-
cyte growth factor on central nervous system neurons
in vitro. ] Neurosci Res 43 : 554-564, 1996

Honda S, Kagoshima M, Wanaka A, Tohyama M, Matsu-
moto K, Nakamura T : Localization and functional cou-
pling of HGF and c-Met/HGF receptor in rat brain : im-
plication as neurotrophic factor. Brain Res Mol Brain
Res 32 : 197-210, 1995

Kato S, Funakoshi H, Nakamura T, Kato M, Nakano I,
Hirano A, Ohama E : Expression of hepatocyte growth
factor and c—Met in the anterior horn cells of the spinal
cord in the patients with amyotrophic lateral sclerosis
(ALS): immunohistochemical studies on sporadic ALS
and familial ALS with superoxide dismutase 1 gene
mutation. Acta Neuropathol (Berl) 106 : 112-120, 2003
Maina F, Klein R : Hepatocyte growth factor, a versatile
signal for developing neurons. Nat Neurosci 2 : 213-217,
1999

TR, iRE W, PR RO B A - EEE
WF & LCOFMRMIERF (HGF) —. o (i
) : 108-115, 2003

Nakamura T, Nawa K, Ichihara A : Partial purification
and characterization of hepatocyte growth factor from
serum of hepatectomized rats. Biochem Biophys Res
Commun 122 : 1450-1459, 1984

Nakamura T, Nishizawa T, Hagiya M, Seki T, Shimonishi
M, Sugimura A, Tashiro K, Shimizu S : Molecular clon-
ing and expression of human hepatocyte growth factor.
Nature 342 : 440-443, 1989

A, KERE B HGF O9FEE A 514 h
L ¥ a—1t, 1998

Sun W, Funakoshi H, Matsumoto K, Nakamura T : A
sensitive quantification method for evaluating the level
of hepatocyte growth factor and c-met/HGF receptor
mRNAs in the nervous system using competitive RT-
PCR. Brain Res Brain Res Protoc 5 : 190-197, 2000

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 :
65376548, 2002

— 113 —



Q& /REIRORENRE T H 2 HEMMU MR LE

IZ33 9 B IREEA OBEE;

JFH00 e 3 i KD - (HGF)

Pz IR (ALS) O

ity B

75:‘ by b *

CEIE S

Key Words : amyotrophic lateral sclerosis (ALS), hepatocyte growth factor (HGF),

¢-Met, neurotrophic, glutamate

LIS

B EHR I R {LAE (amyotrophic lateral scle-
rosis : ALS) 3, #EBj= 2 —u VEWERET, *k
EHRA Y —1) T DAY —RFTHol2b
— =y IR ORI o722 L b KE
TRINBTF— v 7HEDFETR TS, 5~
10% PR EHALS (familial ALS : FALS) T,
JAH & L T superoxide dismutase 1 (SOD1) &
EFOEROBMATL EHME I N TS (gain
of function#). &, T 51T L Y ALS2#E (=
FHERREREFE L THEI LY. L2ALED
DHFI0%IZBIEZHERPHEEDIX- &) Law
KRB SRS, 30~ 60 CTRIE LK
EE A HELT L3~ 6 F T ALIPREELEL
TLHRTH L., RET% 5O 5HEHEALS
(sporadic ALS : SALS) %#&®7:ALSICER %
HREZ ST AI121d, FALS & SALSICH@+
HIREBIZT T U —F T HUENSHLEELLN
%. FALS £ SALSIE & b (2 b7 8 X OV F 88
Sa—a vl T ORI RANTENE - W%

L, EEREAEST, BRI ELNT—3 ¢

LTWwabZ Enb, MELBOEFERBIZEN
PGEE = o — 1 B - FEIRE BT B s

RBHLEZONTE, I TINTTES=
a—0rEFREFRAEb D=2 —atuT 4 v
e EOMRERERTIC X 2 AR ERRICHGSS
HONTEL*?Y, AT, AATRREIM
Ha5E K1 Td % hepatocyte growth factor (HGF)
@Mﬁ%?»bﬁyxvlzyﬁvﬁx(Mﬁ—
Tg) 1ox§ 2 WMEBEITBEEN & 2 0ER 5
BREIZOWTIEE L 2w,

I. ILVEEMERERT &L TOHGF

JiF# Fa ¥4 58 K -7 (hepatocyte growth factor :
HGF) &, #HLICIDVER . sJu—=v 7

MHEBEEFTHE Y. HGFRIZMOD 7 Y v &7

VEEZDDOT N7 7L ) v ruF 7tk
HEEXDOR—SEPLRLEATRY L T —T,
MO IAREHGE & L TEEShWERARCT VY
THER-FEEOM (Arg-Valfl) T7akI v
TRZTERE QRHEO®) iy, m%%@
WKhHasrFay I —VYREZEME (c-Met) |
AL%%W /7+w%m€¢é(mgLM
HGF i #0452 JHf B o0 B Rl 16 14 % F5 42\ T4
fAsEDARME L UCHE S NAD, Z0HOE
FRIZE )V HGF SR MEEENHE L, 20

* Hepatocyte Growth Factor (HGF) Retards Progression of ALS.

 REARFEXREREZRHAHBASEAEEEEES TR AT  Hiroshi Funakosui, Toshikazu NagaMura : Division of Molecu-

lar Regenerative Medicine, Course of Advanced Medicine, Osaka University Graduate School of Medicine

FrflfaiasEH FIZ ALS DT E S S 533
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Fig. 1 Schematic structure of mature HGF processed from proHGF (A), and biological activities of mature HGF
mediated by intracellular signals of the c-Met/HGF receptor (B). A, HGF is synthesized and secreted as a biologi-
cally inactive single-chain precursor form, and further processing by serine proteases into the two-chain form is
coupled to its activation. Serine proteases responsible for the activation of HGF include the HGF activator and
urokinase-type plasminogen activator (uPA). B, The receptor for HGF was identified as a c-met proto-oncogene
product. The c-Met receptor is composed of a 50-kDa a-chain and 145-kDa b-chain. The a-chain is exposed extra-
cellularly, while the f-chain is a transmembrane subunit containing an intracellular tyrosine kinase domain.
Binding of HGF to the c-Met receptor induces activation of tyrosine kinase, an event that results in subsequent
phosphorylation of C-terminally clustered tyrosine residues. Phosphorylation of these tyrosine residues recruits
intracellular signaling molecules containing the src homology (SH) domain, including Gab-1, phospholipase ¢~y
(PLC~y), Ras-GTPase activating protein (Ras-GAP), phosphatidylinositol 4,5-bisphosphate 3-kinase (PI-3 ki-
nase), ¢-Sre, Shp-2, Crk, and Grb-2. A potential contribution of Bag-1 and STATS3 for HGF signaling was also re-
ported. These intracellular signaling pathways driven by HGF-c-Met receptor coupling lead to multiple biological
responses in a variety of cells, including mitogenic, motogenic (enhancement of cell motility), morphogenic, neurite
extension, and anti-apoptotic activities.

WrHE, WMfRBE), ok, AFER, SHIEHRE line~derived neurotrophic factor : GDNF), M

R - MEAEREERLE DO EHLNE &
S5TETWSHS? (Fig. 1B). MMM L FIsT
1372 < 19954 12 ix Honda 6 EE — 2 — 11 V|2
T LCHE L0 %BEY ) ICHGF IR F—3
I fREhE, KINEEE, #E8), BE, &=
0, NREEROHAE, ZEREHES IR e Kl 4 O
R A LW ER T THh L Z L
PSP E o TWAHS, T HGF DR
EE) = 2 — 1 ST S MR AR A T R R
T, ¥dHEHHERERT O, ThEI L S
No7y THMBBERMERERT (glial cell
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sk iR 2 N T (brain-derived neurotrophic
factor : BDNF) #=a—n1 tu 74 ¥— 4 (neu-
rotrophin-4 : NT-4) 2§ 5 L IE3ILTw
5. EHIZin vivo X BT HHHEEHGF FEE
B2 -0 VRERTFTHE I LBWL,E
XN TWw5. Ebens S 354 AR CER =2 —1
VRGBS S-SR A ¥V AT 2
WMy s BB CTHGFZHELTWBEY. T 7,
HGFZ &4 (c-Met) OMfERN Y 7 FIVICER
7 I BO—RIEREZANIZ) v 7A=Y
Z CIEE) = 2 — 0 V0D R B R D

— 115 —



