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e al. 2005). Further, it was revealed that the oral administration of
L-745,870 attenuated ischemia-induced damage of the hippocampus
CA1 neurons in a gerbil model (Okada et al., 2005). Taken together,
L-745,870 may have a potency in the treatment of neurodegenerative
diseases associated with oxidative stress, such as ALS.

Therefore, the aim of the present study was to investigate the
efficacy of L-745,870  the treatment of ALS through the study in
which the systemic administration of [-745,870 Lo mice expressing a
mutated form of human 5001 gene (SOD1"%*) was conducted. We
here demonstrated that the pre-onset administration of L-745870
significantly retarded the disease-onset and prolonged survival in
transgenic SOD1M* mice, The L-745,870 treatment also delayed loss
of motor neurons in the spinal cord accompanying with the reduced
level of microghal activation and TNF-u expression. Intriguingly, the
post-onset administration of L-745.870 resulted in a slowed progres-
ston and prolongation of a post-onset survival span in a same mouse
ALS model. Collectively, L-745,870 may provide a novel therapeutic
means towards the treatment of ALS,

Marterials and methods
Chemicals and antibodies

3-{[4-{4-chlorophenyl jpiperazin-1-yl methyl}- 1 H-pyrrolo] 2.3-b)
pyridine (1-745,870) (Molecular Weight: 326.82) was purchased from
Ishihara Sangyo Kaisha, LTD (Siga, Japan), and subjected to animal
experiments. All other chemicals are from commercial sources and of
analyrical grade. Antibodies used in this study included rabbit
polyclonal anti-SOD1 antibody (#sc-11407; Santa Cruz), rabbit
polyclonal anti-ionized calcium binding adaptor molecule 1 (Iba-1)
antibody | #019-19741; Wako), rabbit polyclonal anti-ghal fibrillary
acidic protein (GFAI') antibody (#RB-087-A0: LAB VISION ), anti-mouse
TNF-u[TNFSFIA antibody [(AF-410-NA; R&D SYSTEMS), and ant-
nitrotyrosine antibody (#06-284, UPSTATE).

Animals

In this study, we used transgenic mice carrying the H46R muration
in the human SODT gene; SOD1™M% (Chang-Hong et al., 2005, Sasaki
et al,, 2007) as a model for fALS. Since genetic background is one of the
important factors modulating disease phenotypes in mutant SOD|
transgenic mice (Heiman-Patterson et al, 2005), we first generated
congenic line of SOD1"“® transgenic mice by backcrossing more than
12 generanons with C57BL/6N mice, and then the line was mamtaned
as hemizygotes by mating SOD1 males with C57BL/6N females.
The offsprings were genotyped by a PCR assay using genomic DNA
from tail tissue. Mice were housed at an ambient temperature of 23 °C
and at a 12 h light/dark cycle, in which water and food were available
ad libirum. All amimal experimental procedures were approved by the
Takai University Medical School Committee on Animal Care and Use.

A ration of the comp

L-745,870 was dissolved in 0.233 N HCl and then adjusted at an
appropriate concentration by diluting with physiological saline.
Animals were anesthetized with halothane (4%) in & mixture of N,Q/
0 (70:30), and were mtragastrically (1.g.) received with L-745.870 via
a gastric tube (CATN0.4202, Fuchigami) at a dose of either 4 mg/kg,
10 mglkg or 20 mg/kg body weight. In parallel, two different control
groups of ammals; those treated with anesthesia alone (sham group)
and with anesthesia followed by the velucle administration (vehicle
group ), were adopted. The daily administration of L-745,870 or vehicle
to mice was conducted starting at 12 weeks of age (pre-onset
administration) or at the day at which ammals exhibited a sign of
motor dysfunction (see bellow); the onset [post-onset adrmnistra-
tion), and was continued until their terminal phase (death).

Observation of gross phenotypes in mice

Body weight of cach mouse was measured from 12 weeks of age and
weekly thereafter until death. Gross behavior of each anmal was daily
observed through visual inspection. In particular, hind hmb movement
and reanng behavior of each animal were weekly monitored by video
camera from 12 weeks of age to the end stage. To determine the age at
onset of motor dysfunction in transgenic mice, we adopled a balance
beam test using the stainless steel bar (45 cm long and 0.9 cm in
diameter ). Motor function in the hind limbs was assessed at 12 weeks of
age, and weekly thereafter until the day at which mice were unable
stay on the bar, We used the following five arbitrary grades to evaluate the
motor function of mice; grade 5 (enable to walk and change the directions
an the bar without their hind limb shpping), grade 4 (occasionally
showed a sign of hind limb slipping, but skillfully walk on the bar ), grade 3
[frequently showed a hind limb slipping. but still awkwardly walked on
the bar), grade 2 (stay on the bar, but quickly fall off from the bar when
attemipt towalk), and grade 1 {unable to stay on the bar ). In this study, the
grade 3 was defined as the sign of the disease onset. Lifespan ol animals
was determined by the observations that mice have no longer had a
heartbeat and breathing. and survival interval was calculated by the
subtraction of the day of life span by the day of disease onset.

Assessmient of motor function

We assessed motor performance, coordination, and balance of mice
using the rotarod apparatus [MK-660A, Muromachs Kikai Co. Lid,
Japan). The duration retaining on a rod (diameter, 30 mm; rotation
speed, 8 rpm; a maximum period, 120 s) without falling was measuted.
After the training session (20 rpm =5 trails for 2 days), mice were tested
ance a week until they could no longer perform the task. Each mouse
was given five trials, and the longest duration on the rod was scored.

Western blot analysis

Al 13 weeks (pre-symplomatic stage; 1 week after the imnal
admimstration of L-745870) and 22 weeks (late-symptomatic stage;
after the administration of L-745.870 over a period of 10 weeks) of ages,
the mice were anesthetized with halothane (4%) in a mixture of N,0/0,
[70:30) and transcardially perfused with physiological saline contain-
ing 10% heparin, and lumbar spinal cord was removed. Tissues were
homogenized in lysis buffer (50 mM Tris=HCI {pH 7.5), 150 mM Nacl,
0.1% NP-40, Complete Protease Inhibitor Cocktail (Roche)), and was
centrifuged at 22,000 =g for 30 min, The resultant supernatant was
collected as a NP-40 soluble fraction. The insoluble pellet fraction was
then suspended with phosphate-buffered saline (PBS) (pH 7.2) contain-
ing 5% sodium dodecyl sulfate (SDS), sonicated, and left for 30 min at
room temperature. After the centrifugation at 22,000 =g for 30 mun, the
supernatant was collected as a SDS-soluble fraction. Protein concentra-
tion of each fraction was determined by the Micro BCA system | Pierce
Ten pg of protein from each fraction was electrophoretically separated
on a 15% SDS-polyacrylamide gel, and transferred onto polyvinylidene
difiuonde (PVDF) membrane (Bio-Rad Laboratories. Hercules, CA).
Membrane was blocked with 5% skammed-milk (Wako) in TBST buffer
|50 mM Tris—HCl (pH 7.4), 150 mM NaCl, 0.1% (w/v) Tween-20)
overnight al 4 °C and was then incubated with the anti-SOD1 antibody
(dilution 1:10,000} in TBST containing 1% skimmed-milk for 2 h at room
temperature. After washing with TBSI, membranes were incubated
with the peroxidase-conjugated secondary anti-rabbi lgG [ #NAS34, GE
Healtheare UK Ltd, Buckinghamshire, UK) for 1 h at room temperature,
Signals were detected using ECL Plus (GE Healthcare UK Ltd ).

Histopathological ly

At 13 weeks, 19 weeks, and 22 weeks of ages, the mice were
anesthetized with halothane (4%) in a mixture of N.O/O; (70:30),
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Under the anesthesia, the mice were transcardially perfused with
physiological saline containing 10% heparin, followed by 4% paraf-
ormaldehyde (PFA) in 0.1M phosphate buffer (PB) (pH 7.2). Spinal cord
was removed and post-fixed with the same fixative for 48 h at 4 “C.
Lumbar segment [3-4 mm in length) was embedded in paraffin, Serial
transverse sections (6 pm thickness) of lumbar segment (L4) were
sliced and stained with hematoxylin and eosin (H&E) for listopatho-
logical evaluation

Quantitativee assessment of the number of anterior hormn neurons in
L4 lumbar segment from mice at 22 wecks of age was also conducted
Sections (6 pym thickness] were stained with cresyl-violet (Nissl
staining) and observed under light microscope equipped with a CCD
camera (DP71, OLYMPUS). A total of 9 representative images of every

sixth senal section throughout L4 segment was analyzed. A size of

neuron (cross-sectional area of each soma) was also determined by
utihizing Image] software version 1.33u (NIH). The anterior homn
neurons were counted as those fulfilled the following three critena; 1)
neurons located within ventral half of the gray matter of the spinal
cord (see Fig. 4D), 2) neurons with distinct nucleolus, and 3) neurons
whaose the cross-sectional area was over 40 pm?,

Immunohistochemical analysis

Immnolustochenucal analyses with anti-lba-1 (dilubon 1:200),
anti-GFAP [dilution 1:200), anti-TNF-« (dilution 1:50), and anti-
nitrotyrosine (dilution 1:50) antibodies were performed. For immu-
nostaining using anti-1ba-1 antibody, but not using anti-GFAP antibody,
the deparaffimzed sections from 22 weeks of age were pre-treated by
autoclaving at 121 °C for 5 min in 10 mM citrate buffer (pH 6.0). The
sections were incubated with 0.3% H;0, in methanol for 30 min and
then with phosphate-buffered saline (PBS) (pH 7.2) containing 0.3%
Triton X=100 for 30 mun. After the treatment with PBS containing 5%
normal goat serum (NGS) (S- 1000, Vector Laboratonies) for 1 h at room
temperature, the sections were incubated with either anti-Iba-1 or anti-
GFAP antibody in PBS contaimng 1.5% NGS and 0.05% Triton X-100
overnight ar 4 "C. The sections were then incubated with HISTOFINE
simple stain mouse MAX-PO (R) {code 414341, Nichirei Corporation,
|apan) overnight at 4 “C. The sections were visualized using 0.05% 3,3-
diaminabenzidine tetrahydrochloride (DAB) (Wako) and 0.015% H,0,
in 50 mM Tnis=HCI [pH 7.5) buffer, and the DARB reaction products were
observed under a microscope

For immunostaining using ant-TNF-a and anti-nitrotyrosine
antibodies, microwave treatment of the sections from 19 weeks of
age was performed for 5 min in 10 mM citrate buffer (pH 6.0). The
sections were then incubated with 3% H,0, for 30 mm and with PBS
(pH 7.2) contaming 0.3 Triton X-100 for 30 min. After the treatment
with PBS containing 5% normal rabbit serum (NRS) (5-5000, Vector
Laboratories) or 5% NGS for 1 h at room temperature, the sections
were incubated with anti-TNF-a antibody in PBS containing 1.5% NRS
and 0.05% Triton X-100 or with anti-nitrotyrosine antibody in PBS
contaimng 1.5% NGS and 0.05% Triton X-100 overnight at 4 °C. The
sections were then incubated with HISTOFINE simple stain mouse
MAX-PO (G) (code 414351, Nichirei Corporation, Japan) or with
HISTOFINE simple stain mouse MAX-PO (R) overnight at 4 °C, and
were visualized using DAB. The DAB reaction products were observed
under a microscope.

Stanistical analysis

Data in this study were presented as meanSD or mean£SEM,
Statistical significance was evaluated by ANOVA (analysis of variance)
followed by Tukey's method for multiple comparisons between
groups (Microsoft Office Excel 2003 with Excel statistics 2006).
Survival data were compared using Kaplan-Meier survival analysis
with log-rank test (SPSS 15.0) software). A P-value -<0.05 was
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Results
The L-745.870 treatment improves chinical symptoms in SOD1"™** mice
1n SOD 1™ mice (Chang-Hong et al.. 2005; Sasaki el al., 2007), the

first sign of disease symptom was weakness of hind limbs, which was
observed at - 17 weeks of age. As the disease progresses, abnormal gait
became more apparent, and hind limb movement and reaning activity
were progressively impaired. Further, when suspended by the tail,
SOD1'™M%* mice exhibited the feet-clasping like posture at an early
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Fig. 1. Effiect of the L-745,870 treatment on the gross clinical svmptoms m 50D 1" mice
{A and B} Representative photographs of mice ar 165 days of age showing a typical hind
limb posture upon the tail suspension. The vehicle-treated mouse shows a complete
paralysis in hind limb (A} whereas the L-745870-treated mouse { 10 mg/kg) still exhibits 2
feet-clasping phenotype [B). (€ and D) Representative photographs of mice at 165 days of
age showing a rearing behavior The vehicle-treated mouse is unable to keep an upright
posture (C), while thase treated with L-745 870 shows a rearing behavior (D). (£} Changes
in'the body weight af S001"** mice in sham, vehicle. and L-745.870( 10 mg/kg or 20 mg
kglareated groups (each n=8L Data are expressed s mean:SD. No statistically
significant differences between expenimental groups were observed throughout experi-
mental peniods [ 12-27 weeks of age ) (ANOVA | Nevertheless, itis notable that a reducnion
{approximately 10%) of body weight observed a the end stage of disease | 23-24 werks of




K. Tanaka re al / Experimental Neurnlogy 211 (2008) 178-386 £

symptomalic stage, while non-transgenic litters showed a laterally
extended posture of their hind limbs (data not shown). At the end
stage of disease (- 23 weeks of agel. they showed a complete paralysis;
no movement of hind limbs, upon the tail suspension. Ultimately, the
mice were unable to move and died at -24 weeks of age

To evaluate the effect of L-745870 on disease symptoms, the
treatment of SOD 1% mice with L-745 870 was initiated at 12 weeks of
age (pre-symptomatic stage), The mice were received with L-745,870
daily at a dose of either 10 mg/kg or 20 mg/kg body weight, and were
maonitored their hind limb movement and rearing activity, At 23 weeks

of age, a majonty of the vehicle-treated mice showed a complete
paralysis of hind limbs, and thus never showed a fect-clasping phe-
notype upon the tail suspension and a reanng behaviar (Fig. 1A and C).
In contrast, the L-745,870-treated muce at the same age stll showed a
feet-clasping phenotype and reanng activity (Fig. 1B and D)

As SOD1M*R mice had already reached their maximum body weight
at 12 weeks of age, the effect of the L-745,870 on the weight gain could
not be evaluated in this study, However, the treatment of L-745.870
prevented SODTH*® mice from early weight loss (Fig. 1E) by retarding
the disease progression. Incidentally, non-transgenic littermates treated
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Fig. 2. Elfect of the L-745.870 treatment on the discase onset and survival of SOD1"*™ mice. The Kaplan-Meier curves demanstrate the probability of onset (A), survival (B), and
survival interval (C] for sham control {n=13), vehicle control (n= 120, 10 mg/kg £-745.870-treaved (n = 12}, and 20 mg/kg L-745.870-treated (1= 17) SO0 mice. | A) The onsets were
stgmificantly delayed 1 10 mg/kg and 20 my/kg L- 745 870-treated groups compared with sham contiol group [P- 0,001 and P=0.001 by log-rank test, respectively), and in 10 mg/kyg
and 20 my/kg L-745,870-treated groups compared with vehicle control group (P=0.001 2nd P=0.006 by log-rank test, respectively) [B) The life spans for both 10 g kg and 20 mg/kg
L-745 870-treated groups were significant longer than those for sham and vehicle control groups (- 0,001 by log-rank test) | C) Survival intervals after the onset were prolonged in
10 myg/ky L-745870-tvated group compared with either sham (P=0.001 by log-rank test) or vehicle control group (P-0.001 by log-rank test), and in 20 mp/kg L-745870-treated
group compared with vehicle contiol group (P=0.013 by log-rank test) Value of the mean =50 in each expenmental group is also indicated
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Fig. 3. Effect of the 1-M5870 treatment on the mutant SOD1 level The expression of the
SOD| protein in urmbar spinal cord from SOD1™** mice (13 0r 22 weeks of age) treated with
vetide or L=745 870 10/mg/kg) and from non-transgemic (non-Tg ) littermates { 22 weeks of
age) were examined by Western blot analysis using anti-5001 antibody. Tissue extracts were
separated into two fractions by centrifugation; NP-40 solubde fraction (NPA0-sol ) and NP-40-
insoluble /SDS-soluble fraction (50550l hSODT and mSOD1 represent the mutated {H46R)
human SO0 protein and endogenous mouse SODT profein, respectively. (hSOD1 ) and
(hSOD1 ), indicaie the dimenzed and oligomenzed forms of SODI. respectively

with L-745.870 exhibited no observable abnormahties (data not shown ),
indicating that the doses of the compound used in this study are not
harmful to mice. Taken together, the 1-745870 treatment might
improve clinical symptoms in SOD1"#%* mice.

The admimstration of L-745,870 delays disease onset and progression

We next evaluated the effect of L-745.870 on the disease onset and
progression in SOD1"™% ALS mice using the Kaplan-Meier survival
analysis, The disease onset was defined at which mice showed
symptom of grade 3 in balance beam test (see Matenials and Methods ).
The mean onsets of disease for both 10 mg/kg and 20 mg/kg L-745.870-
treated groups (130.8+2.8 and 130.8+ 5.0 postnatal days, respectively)
were significantly delayed when compared with those for either sham
(125.4+ 2.7 days) or vehicle group (126.3+3.1 days) (Fig. 2A). The life
spans for both 10 mg/kg and 20 mg/kg L-745,870-treated groups
(180.4£6.6 days and 174.6£8.9 days, respectively) were significantly
longer than those for sham and vehicle groups (163.4+10.0 days and
164.9+ 5.9 days. respectively) (Fig. 2B}, Further, survival intervals after
the onset in L-745,870-treated animals, particularly those treated at a
dose of 10 mg/kg (10 mg/kg: 49.7+5.6 days and 20 mg/kg: 4394
8,7 days) were extended when compared with those in sham
and vehicle groups (38.1£9.0 days and 38.6£5.4 days, respectively)
(Fig. 2C). These results indicate that L-745870 acts as a protective
reagent against not only the onset of motor dysfunction but also the
disease progression in SOD1"*%* mice.

The L-745.870 treatment does not alter the S0D1 protein level

To ensure that the administration of L-745,870 had not altered the
expression of the human SODI transgene in SODT™'™® mice, we
examined the levels of the SOD1 protein in the lumbar spinal cord by
Western blat analysis (Fig. 3). Endogenous mouse SOD1 (mSOD1) was
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present in the NP-40 soluble fractions from all animals including non-
transgenic litters, while mutated human S0D1 (h50D1) was only
detected in the samples from SOD1'"% mice. There were no significant
differences in the mutant SOD1 levels from the NP-40 soluble fractions
between vehicle- and 1-745,870-treated groups either at 13 weeks or
22 weeks of age. Further, although the levels of the NP-40-insoluble/
SD5-soluble SOD1 protein were increased at 22 weeks of age when
compared at 13 weeks of age, no significant differences in their levels
between experimental groups were observed, These results indicate
that L-745,870 has no apparent effect on the mutant SOD1 expression,
and that the improvement of disease symptom in the 1-745870-
treated animals observed in this study is not simply due to the
decreased level of the mutant 50D1 protein.

The L-745,870 treatment protects from mator neuron loss
To determine whether the protective effect of L-745,870 from the

progression of motor dysfunction was due to the delayed motor
neuron loss, we evaluated the number of motor neurons in the spinal

non-1g (22w)

H&E staining

vehicle (22w)

cord, Non-transgenic and SOD1"™* mice had similar motor neuron
numbers at 13 week of age (pre-onsel stage: data not shown). In
contrast, at a late symptomatic stage |22 weeks of age ), SOD1™ mice
treated with vehicle showed an extensive loss of large anterior horn
cells (Fig. 4B) compared with non-transgenic littermate (Fig. 4A)
Notably, large anterior horn cells of SOD1M*R mice treated with
1.-745,870 were relatively spared (Fig. 4C), suggesting that L-745,870
pratected motor neurons from loss at a late symptomatic stage.

To confirm this notion, we conducted a quantitative analysis of the
number af motor neurons whose soma sizes were larger than d0pm’” in
the anterior horn located within ventral half of the gray matter of the
spinal cord (Fig. 4D). At 22 weeks of age, SOD1*%* mice (n=3) with
vehicle treatment showed a 36% loss of anterior horn cells when
campared with non-transgenic littermates (n=3) (Fig. 4E). In contrast,
L-745,870-treated SOD1"*® mice (n=13) showed a 18% loss of anterior
homn cells (Fig. 4E), and a significant difference was detected in the
numbers of cells between non-transgenic and vehicle-treated groups
(p<0.05: Fig. 4E). Further. while the numbers of large anterior horn
cells (240-560 pm?) in SOD1"** mice (vehicle controls) were

10mg/kg 1.-745,870 (22w)

Iba-1
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TNF-u

Fig. 5. Effect of the L- 745870 treatment on the activation of microglia and astrocyte and the expression of pro-nflammmatory facior im the spinal cord. The tumbar spinal cord sections
prepared fiom non-transgentc (nai-Tg (A D, and G ), vehicle-treated SOD1 ™™ (B E and H), and L-745.870-treated [ 10 me/kg) SOD1™ (€ Fand |y mice at 22 weeks af ages were stained
with hematmeylin-eosin [ H&E ) (A-CL and immunostained with anti-lha- 1 {D-F] and anti-GFAP antibodies (1), The lumbar spinal cord sections prepared from non-Tg (] L vehicle-treated
SODY™H™ (K] andd L-745 B70-treated [ 10 mgfleg) SODT™™ (L) mice at 19 weeks of ages were immunnstained with anti-TRF-a antibody (J-1}, Scale bar indicates 200 un
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preferentially decreased when compared with those in non-transgenic The L-745,870 treatment suppresses mucroghal activation
littermates (Fig. 4F), the 1-745.870 treatment partly preserved such

larger cells in SOD1™* mice (Fig. 4F). These results indicate that L- Microglial activation occurs from early symptomatic stage in mutant
745,870 protects motor neurons in the spinal cord from progressive SOD1 mice {Alexia al., 2001; Kriz et al, 2002). To assess whether
degeneration in an ALS mouse model the L-745870 treatment affects the ghial cell activation at sites of motor
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neuron loss in SOD1"%F ALS mice, we immunostained the lumbar
sections of the spinal cord with anti-lba-1 (marker for activated
microglia) and anti-GFAP (marker for astrocytes ) antibodies. At an early
pre-symptomatic stage (13 weeks), there were no apparent differ-
ences in the immunoreactivity for either Iba-1 or GFAP in the lumbar
spinal cord between non-transgenic, vehicle-treated SOD1"*%®, and
L-745.870-treated SOD1"*™ mice (data not shown). In contrast, at
22 weeks of age (late symptomatic stage), vehicle-treated SOD1"6"
mice showed marked immunoreactivities bath for Iba-1 and GFAP
throughout the white and gray matters of the spinal cord with
predominant localization in the anterior horn (Fig. 5E ang H}), where
maotar neurons were degenerated (Fig. 5B), while the lumbar spinal cord
of non-rransgenic siblings was almost devoid of those immunoreactiv-
ities (Fig. 5D and G). The results suggest a broad glial activation in the
spinal cord of SODTY mice at this stage. Remarkably, 1-745,870-
treated SOD1"* mice showed a much less Iha-1 immunareactivity in
both white and gray matter of the anterior homn (Fig. 5F) and
conservation of motor neurons (Fig. 5C) compared with vehicle-treated
SOD1Y*R mice (Fig. 5B and E). However, there were no ohservable
differences in immunoreactivities for GFAP, representing a diffused
astrocytic proliferation in both groups (Fig. 5H and [). Immunoblot
analysis also showed the decreased levels of Iba-1 in L-745,870-treated
SOD1™MY® mice (data not shown). These results indicate that the
L-745,870 treatment preferentially suppresses microglial acrivation,
but not astrocytosis, in the spinal cord of 50D1M"%% mice.

The 1-745,870 treatment suppresses the expression of pro-inflammarory
factar

To confirm whether the [-745870 treatment suppresses the
expression of pro-inflammatory factor, we carried out immunostaining
of the lumbar sections from spinal cord of SODT%® ALS mice using
anti-TNF-« antibody (Fig, 5], K, and L), At 19 weeks of age, vehicle-
treated SODTHR mice showed marked immunaoreactivities for TNF-oe
(Fig. 5K) particularly in large anterior horn cells, which was consistent
with the recent findings { Bigini et al., 2008 Petri et al., 2007 ), compared
with those in non-transgenic littermates (Fig. 5]). Notably, the TNF-o
immunoreactivity in the corresponding region of L-745870-treated
S0D1M5 mice was reduced (Fig. 5L). These results indicate that the
L-745.870 treatment preferentially suppresses the expression of pro-
inflammatory factor, such as TNF-a, in the spinal cord of SOD 1" mice,

We lurther assessed whether the 1-745,870 treatment suppresses
the protein oxidation in the spinal cord of SOD1™M™® ALS mice.
Although the lumbar sections were broadly immunostained with anti-
nitrotyrosine antibody, there were no significant differences of their
immunoreactivities between vehicle-treated and 1-745 870-treated
SOD1"%% mice (data not shown).

The post-anset administration of 1-745,870 prolongs survival of
SODIM* mice

It is extremely crucial to evaluate whether the post-onset admin-
istration of 1-745,870 improves disease symptoms. To address this
issue, we conducted a daily administration of L-745,870 to SOD17#46%
mice after showing signs of onset (1259+28 days) and observed
disease progression and survival. The mean life spans (¢ SD) of the
mice treated with 4 mg/kg, 10 mg/kg and 20 mg/kg of L-745.870 were
17094111, 1739479, and 171.4+8.5 days, respectively, and signifi-
cantly extended when compared with sham (161.5£9.8 days) or
vehicle-treated group (162.1+11.6 days) (Fig. 6A). Further, survival
intervals in L-745,870-treated animals at doses of 4 mg/ke. 10 mg/kg,
and 20 mg/kg (45.7£10.2, 476173 and 44.1 £8.5 days, respectively)
significantly extended longer than those in sham (358499 days) or
vehicle-treated (35.7+ 10.7 days) mice (Fig. 68), and were consistent
with the results of the pre-onset administration of L-745,870 (Fig. 2C).
The results also showed that 10 mg/kg of 1-745,870 was an optimal

dosage for exerting a potent neuroprotective efficacy in these
experimental conditions. Thus, the post-onset administration of L-
745,870 might effectively improve the disease symptoms and delays
the disease progression in SOD1"*5% mice,

To further assess the effect of L-745,870 on symptoms, a rotarod (est
was conducted using the mice treated with L-745,870 after the onset.
Although no statistically significant differences between vehicle control
{n=4) and L-745.870-treated mice (n=4) were observed, there was a
tendency showing that the motor function of L-745 870-treated mice
was preserved when compared with that of vehicle control (Fig. 6C).

Discussion

ALS is a fatal neurodegenerative disease, and there are almost no
effective therapeutic strategies to cure and/or relieve symptoms and
improve the quality of life for patients to date, Although the mech-
anisms for the selective degeneration of motor neurons are still
unclear, a complex interplay between multiple pathological factors,
including oxidative stress, excitotaxicity, mitochondnal dysfunction,
neurofilament accumulation, neural inflammation, and protein mis-
folding (Barber et al., 2006; Cluskey and Ramsden, 2001 ; Leichsenring
et al, 2006; Menzies et al, 2002; Pasinelli and Brown, 2006; Shaw,
2005), is thought to associate with pathogenesis for ALS, and thus
these factors are currently proposed as therapeutic targets. Among
these pathogenic factors, there is substantial evidence to suppart the
hypothesis that oxidative stress is one of the major processes
implicating in the progression of motor neuron loss (Barber et al.,
2006). This study aimed to explore the novel therapeutic agent which
could alleviate oxidative stress-induced neural cell damage in ALS.

The small compound [-745,870, which is a dopamine D4 receptor
antagonist having an excellent oral bioavailability and brain penetration,
was firstly identified as a drug candidate for antipsychotic treatment
(Patel et al,, 1997), However, phase lla clinical trials of 1-745,870 failed to
show clinical efficacy in patients with acute schizophrenia (Bristow et al,
1997), On the other hand, we previously reported thar L-745870
selectively inhibited cell death induced by oxidative stress in vitro and
exerterd a potent neuroprotective effect in vivo acute ischemic model
{Okada et al,, 2005). In the present study, we sought to examine whether
the chronic administration of L-745870 effectively artenuates motor
neuron loss in a SOD1"%® ALS mouse model. We here demonstrated
that the pre-onset administration of L-745,870 significantly retarded the
disease-onset and prolonged survival in transgenic SOD1"™® mice, The
1.-745,870 treatment also delayed loss of motor neurons in the spinal
cord accompanying with the reduced level of microglial activation. Most
importantly, the post-onset administration of L-745870 resulted in a
slowed progression in a same mouse ALS model.

Currently, the pharmaco-mechanisms by which L-745.870 protects
maotor neuron loss are still unclear. In order to investigate the mode of
action of L-745,870 in vitro, we previously performed cell viability
analyses against cell death induced by various stimuli including
oxidative stressors by utilizing non-neuronal (Hela, THP-1, and
fibroblast) and neuronal (SH-SYSY) cell cultures. As a result, the
L-745870-treatment comparatively protected all examined cell types
from death induced by oxidative stressors such as menadione and
H05, but not by other stimuli such as staurosporine and okadaic acid
(Okada et al., 2005), suggesting that 1-745,870 selectively inhibited
oxidative stress-induced cell death in a cell type-independent fashion,
It has been reported that the several types of dopamine receptors are
expressed in SH-SYSY cells, bul not in Hela cells (Kamakura et al., 1997
Presgraves et al, 2004), Thus, L-745,870 seems to be effective to the
cells irrespective to the expression of dopamune receptors. In other
words, the mode of action of this compound could be dopamine
receptor-independent, although we could not completely rule out the
possibility that 1-745,870 exerts its potency via dopamine receptors.
Alternatively, as we have originally identified L-745870 as a NAIP-
upregulating compound (Okada et al., 2005), and NAIP is known to
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exert potent neuroprotective activity against oxidative stress-induced
cell death (Liston et al. 1996), it is reasonable that L-745.870 exerts
its potency by enhancing the NAIP-mediated cellular protection from
oxidative stress in transgenic SOD1"** mice.

Several lines of evidence have demonstrated that bath microglia and
astrocyte were proliferated in the affected regions of ALS patients and
mutant SOD1 mouse ALS models (Hall et al, 1998; Kawamata et al., 1992;
Schiffer et al, 1996} Two independent groups have reported that
astrocytes have an impact on motor neuron degeneration (Di Giorgio
et al,, 2007 Nagai et al,, 2007), while others have reported that microglia
contribute to non-cell-autonomous damage of neurons in neurodegen-
crative diseases (Block et al, 2007; Liu and Hong, 2003; Moisse and
Strong, 2006). Further, it has also been proposed that chromogranin-
mediated secretion of mutant SOD1 from neurons and astrocytes
enhances microgliosis and motor neuron death (Urushitani et al. 2006).
These studies suggest a contribution of non-neuronal cells to the ALS
pathogenesis. In the present study, we showed that L-745,870
suppressed the activation of microglia, but not astrocytosis, in the spinal
cord of SOD1'"** mice. Further, L-745.870 suppresses the upregulation
of pro-inflammatory factor (TNF-«) but not the oxidative modification of
proteins (nitrated proteins) in motor neurons. Recently, it has been
reported that the activation of NADPH oxidase generating ROS from
microgla promotes motor neuron degeneration in the spinal cord (Wu
et al, 2006), NADPH oxidase, which is a membrane-bound enzyme and
catalyzes the production of superoxide from oxygen, has been
implicated as an important source of microglial-derived ROS generation
(Block et al, 2007), It has also been shown that the production of pro-
inflammatory factors is induced by ROS (Barber et al, 2006). Thus, the
L-745,870 treatment may attenuate the microglia activation and coor-
dinately suppress the expression of TNF-a in the spinal cord, which in
turn results in the protection from motor neuron loss.

In conclusions, our findings in a rodent model of ALS, demonstrat-
ing an obvious neuroprotective efficacy of 1-745870, may have
implication that L-745.870 is a promising candidate as a potential
therapeutic drug to the treatment of ALS. Moreover, as reactive
microglia have identified in the spinal cord from sparadic ALS patients
(Kawamata et al,, 1992), L-745,870 might be useful not only for familial
but also for sporadic ALS. Although the mode of action of L-745,870 on
motor neuran protection is not fully understood, future studies on the
target analysis of L-745870 in vivo will clarify more therapeutic
potential of L-745,870 in ALS and other neurodegenerative diseases,
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Up-Regulation of Insulin-Like Growth Factor-I1
Receptor in Reactive Astrocytes in the Spinal Cord of
Amyotrophic Lateral Sclerosis Transgenic Rats
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Amyotrophic lateral sclerosis (ALS) is a fawl neurodegenerative disease caused by selec-
tive motor neuron death. We developed a rat model of ALS expressing a human cylosolic
copper-zine superoxide dismutase (SODI) transgene with two ALS-associated mutations
glycine 1o alanine at position 93 (G93A) and histidine to arginine at position 46 (H46R)
Although the mechanism of ALS is still unclear, there are many hypotheses conceming its
cause, including loss of neurotrophic support to motor neurons.  Recent evidence suggests

that insulin-like growth Factors (1GFs) act as neurotrophic factors, and promote the survival
and differentiation of neuronal cells including motor neurons, Their ability to enhance the
outgrowth of spinal motor peurons suggests their potential as a therapeutic agent tor the
patients with ALS. In this study, we investigated [GE-11 receptor immunoreactivity in the
anterior horns of the lumbar level of the spinal cord in SODI transgenic rats with the
H46R mutation of dilferent ages as well as in normal litermates. The double-immunos-
taining for IGF-II receptor and glial fibrillary acidic protein (GFAP) demonstrated co-
localization on reactive astrocytes (**p < 0.001) in the end-stage transgenic rats, whereas
it was not evident at the pre-symptomatic stage or at the onset of the disease. Our
results demonstrated the 1GE-1T receptor up-regulation in reactive astrocytes in the spinal

cord of transgenic rats, which may reflect a protective response against the loss of 1GE-
related trophic factors. We suggest that 1GF receptors may play a Key role in the pathogen-

usis, and may have therapeutic implications in ALS,

amyotrophic lateral sclerosis:

insulin-like growth factor; ransgenic rat: 1GF receptor; SODI
Tohoku J. Exp. Med., 2008. 214 (4), 303-310.
€ 2008 Tohoku University Medical Press

Amyotrophic lateral sclerosis (ALS) is a latal
neurodegenerative discase caused by selective
motor neuron death. Approximately 10% of cases
of ALS are inherited. usually as an autosomal dom-
inanttrait, In ~ 25% of familial cases. the discase is
caused by mutations in the gene encoding eytosolic
copper-zine superoxide dismutase (SODT)I(AoKI el
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al. 1993: Rosen 1993). The overexpression of
mutant human SODI in mice is used as model for
ALS, however, some experimental manipulations
are difficult in transgenic (Tg) mice because of size
limitations. Thus, we developed a rat model of
ALS expressing a human SOD| transgene with two
ALS-associated mutations: glycine to alanine at
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position 93 ((:93A) and histidine to arginine at
position 46 (H46R) (Nagai et al. 2001). Similar 1o
its murine counterpart, the transgenic rats that
express human SODI transgene AlS-associated
mutations develop striking motor neuron degencra-
tion and paralysis.

Although the mechanism of ALS is still
unclear, there are many hypotheses concerning its
cause of ALS, including loss of neurotrophic sup-
port 1o motor neurons (Rowland and Shneider
2001). The insulin-like growth factors (IGF-1 and
IGE-II) are neurotrophic factors expressed in the
central nervous system that promote the survival
and differentiation of neuronal cells including
motor neurens, They could be of therapeutic val-
ue in human neurodegenerative disorders, includ-
ing ALS (Adem et al. 1994; Hawkes and Kar
2003; Narai et al. 2005). Evidence that IGF-1 res-
cues motor neurons in vitro and in animals.
(Kaspar et al. 2003) has led (o therapeutic trials of
human recombinant IGF-1 in patients with ALS
(Nagano et al. 2005).

The biological actions of the IGFs are medi-
ated through specific cell membrane receptors
designated as the IGF-1 and 1GF-II receptors
(Sepp-Lorenzino 1998; Hawkes and Kar 2003;
Kim et al, 2004). Alterations of the IGF-1 and
IGE-IT binding sites in the spinal cord of the pa-
tients with ALS would support their involvement
in the pathology of ALS (Dore et al. 1996: Chung
et al. 2003: Kar et al. 2006).

In the present study, we used the SODI
(H46R) mutant Tg rat as an in vivo model of ALS
and performed immunohistochemical studies to
investigate the changes of the IGF-II receptor in
the spinal cord.

Mareriars axp MeETHODS

Animals and clinical assessment

In this study we used nine Tg male Spargue Dawley
rats as well as nine non-Tg rats (Japan SLC, Inc.,
Hamamatsu). The Tg rats expressing H46R mutani
human copper-zine superoxide dismutase (SOD1) were
genotyped by polymerase chain reaction (PCR) assay
using DNA obtained from the tail as described previously
(Nagai et al. 2001). H46R Tg rats were divided into 3
groups: pre-symptomatic (aged 23 weeks, n = 3), onset

(aged 26 weeks, just after onset. n = 3) and end-stage
(aged 29 weeks, n = 3); and compared with age-matched
non-transgenic litermate controls. In cach Tg rat, we
carefully observed the development of the symptoms of
ALS. When the rats developed distinet muscle weakness
in theiwr unilateral hindlimb. they were included in the
second group (onset) of the rats. All experimental proto-
cols and procedures were approved by the Animal
Committee of the Tohoku Umversity Graduate School of
Medicine, Japan.

Histopathological analysis

Nine Tg and nine control rats were anesthetized and
Killed by transcardial perfusion with saline and 4% para-
formaldehyde in 0.1 M phosphate buffer. pH 74, The
lumbar (L4-5) spinal cords were rapidly removed and
post-fixed in the same fixative at 4°C overnight. then
embedded in paraffin according to the standard protocol.
Transverse sections (5 gm thick) were cut and submitted
for histopathology and immunohistochemistry. A set of
the sections was stained with hematoxylin and cosin (H

& E).

Inmmunohistochemistry

For double immunohistochemistry ol the spinal
cord, every fifth section per animal was mounted on
silanized glass slides (Dako Cytomation Co. Lad.,
Gopenhagen, Denmark) and deparaffinized. The sections
were quenched with 0.3% hvdrogen peroxide in 10%
methanol for 20 min at room temperature (RT), and
rinsed in phosphate buffer saline (PBS. pH 7.4). After
blocking with 5% normal serum was performed for 20
min at KT 1o avoid the non-specific binding of antibod-
ies. we used the following pnimary antibodies: mouse
anti-IGF-11 receptor monoclonal antibody (1 : 50, over-
night, 4°C; BD Transduction Laboratories, CA, USA),
rabhit anti-glial fibrillary acidic protein (GFAP) poly-
clonal antibody (1:10,000, overnight. 4°C; Dako
Cytomation Co. Lad.), and rabbit anti-ionized calcium-
binding adupter molecule-1 (Iba-1) polyclonal antibody
(1:3.000, overnight, 4°C; Wako Pure Chemicals, Osaka)
After incubation with a mixture of biotinylated anti-
mouse and anti-rabbit [g(G secondary antibodies (1: 400,
I hr. RT; Vector Laboratories, Burlingame, CA, TISA),
the immunoreactivity was enhanced with avidin-biotin
peroxidase complex (ABC) kit (Vector Laboratories)
We used two kinds of color substrates as a chromogen.
For the visualization of the 1GF-1I receptor we used
3. 3-diaminobenzidine and nickel (blue-gray color),
which was the first staining of the double immunostain-
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ing (Vector Laboratories). For the staining of GFAP and
Ibal we used Nova Red (light-red color), which was the
second staining of the double immunostaining (Vector
Laboratories). To prevent cross-reaction between the
first and the second immunoreactivities, we performed
the double immunohistochemistry sequentially, and used
an avidin-biotin blocking kit (Vector Labotatories)
between the two sets of immunchistochemistry

Quantitative analysis

Sections were examined and microphotographed
under a light microscope (at 200 % magnification,
Olympus BX50). We evaluated a total of five (ransverse
sections from three different rats at each stage. The esu-
mated motor neuron counts were prl'fnrl'llcd on HE-
stained sections in the lumbar spinal cord. Cells were
selected as motor neurons if they were > 30 gm in diam-
cter, multipolar with neuronal morphology, and located
in the anterior horn of the spinal cord. The resulting data
provided the estimated number ol motor neurons per
unilateral anterior horn. For semi-quantification of the
double immunohistochemistry, we counted the double-
immunoreactive areas in the photographed digual images
of the anterior horns (60 x 45 ym for 2,048 x 1.336
pixels) using Image J soltware (National Institutes of
Health, Bethesda, MD, USA). The average area (pixels/
am) double immunoreactive for IGF-11 receptor and
GEFAD in the unilateral antenior horn in each rat was used

for stalistical amalysis

Statisticed analvsis

Values are expressed as the means £ 5.0, The statis-
tical unalysis was performed using GraphPad PRISM
(Sun Dicgo, CA, USA). Dilferences among the experi-
mental groups were examined tor signiiicance using one
way analysis of variance (ANOVA) among means of

vilue with the group of rats as the independent factor,
We tested multiple pair-wise comparisons belween
means by Bonferroni-Dunn post hoe test,

Resuits

The clinical course of transgenic rats

The Tg rats expressing the human SODI
mutant (H46R) developed motor neuron disease
with the onset of this clinical weakness at a mean
age of around [80 days. Clinically apparent
weakness, denoted by dragging of one hindlimb
without limb tremor, was evident somewhat later.
Simultancously with the onset of clinical weak-

ness, the affected rats showed prominent weight
loss. While the initial clinical manifestation of
weakness was unilateral leg paralysis. this pro-
gressed and became bilateral in the H46R Tg rats.
In the early stages of the illness, another distine-
tive abnormality was increased lone in the tail
musculature, resulting in an elevated. segmentally
spastic tail posture. As the disease progressed, the
rats exhibited marked muscle wasting in the hind
limbs, typically dragging themselves about the
cage using the forelimbs. Thereafter, the fore-
limbs also became weak, in association with fur-
ther weight loss. At the end-stage, the alfected
rats could not drink water and died. The mean
age of death was around 200 days.

We estimated the numbers of motor neurons
in each anterior horn of the control littermates and

* *
T L 1

15¢ o *h ok
- F— 1 = fr——
e | T I
5.0 k3
L
5 |
&
5 5f |
2 |
E
3 |
r

0 1

non-Tg Tg non-Tg Tg nonTg Tag

pre-symptomatic anset end-slage

Fig. 1. Numbers of anternior horn cells: Numbers ol
anterior horn cells in the lumbar spinal cord at
the pre-symptomatic. onset and end-stage.
Mean number of the anterior horn cells from
non-Tg rats (open bar) and H46R Ty rats (solid
bar) are presented. The estimated numbers of
motor neurons in the antenorhom of the spinal
cord were almost the same in the control rats,
while those in the Tg rats were gradually
decreased: pre-symptomatic stage non-Tg, 10.7
£ 1.7, Tg. 8.3 = 3.0 anterior horn cells/slice;
onsel stage non-Tg, 104 = 1.0, Tg. 65+ 19
anterior horn cells/slice: end-stage non-Teg.
10,8 = 1.8 Tg, 3.6 £ 1.3 anterior horn cells/
slice. Bonferroni-test **p < 0.01: *p < 0.05
I'he error bars denote the 5.0,
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2, Anterior horn cells with hematoxylin and cosin staining: Decreased number of anterior horn cells

in the anterior horn of the lumbar spinal cord in non-Tg rats and H46R Tg rats at pre-symptomatic,
onset and end-stage. Sections were stained with hematoxylin and cosin. Scale bar: 50 gm. Note
that a decrease in the number of anterior horn cells in the lumbar spinal cord is evident at the
pre-symptomatic stage in H46R Tg rats.

Fig. 3. Double-immunostaining for IGF-II receptor and GFAP: Double-immunostaining for Insulin-like

growth factor-11 (IGF-ID) receptor and ghal fibrillary acidic protein (GFAP) in non-Tg rats and
H46R Tg rats at pre-symptomatic, onset and end-stage. Scale bar: 50 gm. 1GF-II receptor and
GFAP double-positive cells were found in the anterior horns of the lumbar spinal cord. and were
co-stained with GFAP in the end-stage (F, I) of H46R Tg rats (arrows). The co-localization of I1GF-
Il receptor and GFAP were visualized as a dark-red using Nova Red and DAB+Nickel chromogen (T).
While there was evidence of GFAP-immunoreactive astrocytes in the pre-symptomatic stage (D, G)
and at the onset (E. H). these reactive astrocytes were colored only light-red (G, H), indicating that
the cells visualized were GEAP positive only.
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Tg rats as a function of age. As indicated in Fig. 1,
the estimated numbers declined abruptly in paral-
lel with the development of clinical paralysis. In
the spinal cords of the Tg rats, the drop-off in
estimated motor neuron numbers preceded the
onset of clinical weakness. )
Histopathological studies in the spinal cords

The H46R Tg rats exhibited neuropathologi-
cal abnormalities associated with the degeneration
of motor neurons in the anterior horns of the spi-
nal cord (Fig. 2), They also showed evidence of
proliferation of small non-neuronal cells with the
morphological characteristics of astroglia and
microghia, In the pre-symptomatic stage at 23
weeks of age, the numbers of large, multipolar
neurons in the anterior horn (motor neurons) were
decreased (Fig. 2D) as compared to non-Tg litter-
mates (Fig. 2A) | while the numbers of hypertro-
phic astroeyies were increased (Fig. 2D). By 26
weeks ol age, when clinical weakness became
apparent, there was a marked loss of large, multi-
polar neurons (Fig. 2E) as compared to non-Tg
littermates (Fig. 2B). At that time, numerous
hypertraphic astrocytes and microglia were evi-
dent in all stages of transgenic rats. as were sites
of swelling in axons in the anterior horn (Fig. 2E).
Many inclusions were characterized by a dense
core and clear peripheral halo, strongly resem-
bling the Lewy body-like hyaline inclusions seen
in the spinal cords of human ALS patients. These
were detected in the neuropil, motor neurons, and
astrocyles (data not shown). AL 29 weeks of age,
corresponding to the end-stage when the H46R
Tg rats clinically displayed quadriplegia or a mor-
ibund state, the rats of this end-stage showed
severe loss of the anterior horn cells with gliosis
of the spinal cords (Fig. 2E).

Immunohistochemical analyses for 1GF-11
recepior

In the anterior horn of the spinal cord of the
H46R Tg rats. immunohistochemistry using the
antibody against the 1GF-I1 receptor showed
intensely stained 1GE-II receptor-positive glial
cells with the appearance of astrocytes, but few
IGE-11 receptor-positive ghial cells were observed

in the spinal cord of the non-Tg litermates (Fig.
3). which were evident at the end-stage in H46R
Tg rats (Fig. 3F). However. there were not evi-
dent at the pre-symplomatic stage (Fig, 3D) or at
the onsel of the disease (Fig. 3E). The IGF-II
receptor-positive cells showing the morphology
ol astrocytes were confirmed as ustrocytes by
double-stained immunohistochemistry using the
antibody against GFAP, which is a specific marker
for astrocytes. There was a 125-fold increase in
1GF-11 receptor/GEAT double positive areas in the
anterior horn of the spinal cord of the H46R Tg
rats as compared to non-Tg littermates using
Imagel software on images captured ¢lectronical-
ly (Fig. 4). This increase was statistically signifi-
cant (p < 0.001). TGE-IT receptor-positive cells
were not stained simultaneously with Ibal. which
is a specific marker for microglia. in both Tg (Fig.
SD-1) and non-Ty (Fig. 5A-C) rats. In the spinal
cord of non-Tg rats. few [GF-11 receptor-positive
astrocyles were detected although some 1GE-1
receplor-positive neurons were observed in the
anterior horn,

{Pixolalum)
1.0%10% « **p<0.001
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pre-symptomatic  onset end-stage

Fig. 4. Volume of double-positive areas of 1GE-11
receptor and GFAP: Volume of double-positive
arcas (pixels/um) of insulin-like growth factor-
I (IGF-11) receptor and ghial fibrillary acidic
protein (GFAP) in the anterior homn of the lum-
bar spinal cord. T1GF-IT receptor and GFAP
double-positive area was significantly (""p <
0.001) increased in the anterior horn of the
lumbar spinal cord in the end-stage of ALS
transgenic rats.
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Onset (26W)

End-stage (29W)

Fig. 5. Double-immunostaining for [GF-11 receptor and Ibal: Double-immunostaining for insulin-like
growth factor-11 (1GE-IT) receptor and ionized calcium-binding adapter molecule-1 (Ibal) in the
anterior horm of the lumbar spinal cord from non-Tg rats and H46R Tg rats at pre-symptomatic,
onset and end-stage.  Scale bar 30 ym. Ibal-immunoreactive microglia were visualized as light-
red due 1o Nova RED chromogen in Tg rats at pre-symptomatic (D, G). symptomatce (E, H) and
end-stage (F, ). However, there were no [GF-II receptor and Ibal double positive cells, which
wotild be colored hy both Nova Red and DAB + Nickel color substrates,

Discussion

Our results showed the apparent loss of
motor neurons in the anterior horn of the lumbar
spinal cord in H46R Tg rats as described in our
previous report (Nagai et al. 2001). We estimated
the numbers of motor neurons in cach anterior
horn of the Tg rats as well as in control littermates
and confirmed that the estimated number declined
abruptly in parallel with the development of clini-
cal paralysis. The H46R Ty rats also showed evi-
dence of proliferation of small non-neuronal cells
with the morphological characteristics of astroglia
and microglia.

Various growth factors and their receptors
are expressed differentially in ALS. The insulin-
like growth factors are neurotrophic factors
expressed in the central nervous system that pro-
mote the survival and differentiation of neuronal
cells including motor neurons. The ability of

IGFs to enhance the outgrowth of spinal motor
neurons makes it a potential therapeutic agent for
patients with ALS (Kaspar et al. 2003). Several
studies have reported positive effects of 1GF-I in
reducing motor neuron death, delaying the onset
of motor performance decline and the increasing
life span in SODI mouse models of ALS and in
one clinical trial. The 1GF-1 studies in humans
have reported that the progression of functional
impairment in patients receiving high doses of
IGF-1 was reduced by 26% vs patients receiving
placebo (Lai et al. 1997). However, a second
clinical trial produced no positive results (Borasio
¢t al. 1998). and there currently is a phase I11 ran-
domized, double-blind, placebo-controlled clini-
cal IGF-1 trial underway. Therefore, we exam-
ined Turther the expression of the receptors of
IGFs in the model of ALS,

A number of studies suggested that the level
of expression of IGF receptors in reactive astro-
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cytes was increased with the disease progression
in human ALS, SODI Tg rats and mice (Adem et
al. 1994; Chung et al. 2003). During develop-
ment, astrocytes have been recognized as a source
of evtokines that are involved in the growth and
differentiation of neuronal cells and glial cell
populations (Raff et al. 1985: Du and brc_\-l'l.ls
2002). Recently, using immunohistochemistry,
apparent increases of [GE-1 receplors in reaclive
astrocytes in the anterior horns of the spinal cord
in SODI GY3A Tg mice were observed (Chung et
al. 2003). The IGF-IT receptor is a multifunction-
al single transmembrane glyvcoprotein that, along
with the cation-dependent M6P (CD-M6P) recep-
tor, mediates the trafficking of M6P-containing
lysosomal enzymes from the trans-Golgi network
to lysosomes. In the present study. immunohisto-
chemistry using the antibody against the 1GF-I1
receptor showed intensely stained 1GE-1 receptor-
positive glial cells with the appearance of astro-
cytes in the anterior horn of the spinal cord of the
H46R Tg rats. This was evident at the end-stage.
however, but not evident al the pre-symptomatic
stage or at the onset of the disease. The 1GF-11
receptor- positive glial cells showing the mor-
phology of astrocytes were confirmed (o be astro-
cyles by double-stained immunohistochemistry
using the antibody against GFAP. This result was
compatible with the expression of 1GF-I receptors
in Tg mice (Chung et al. 2003). On the other
hand. we observed Ibal reactive hypertrophic
microglia in the pre-symptomatic, onset and end-
stage of the Tg rats. However, 1GF-I1 receptor-
positive reactive microglia were not observed in
the H46R Tg rats, although Kihira T and co-
workers (Kihira et al. 2007) reported that some
microglia expressing 1GF-I1 have neuroprotective
effects on the motor neurons in patients with ALS.

The apparent increase in 1GFIL and 11 recep-
tors in the anterior horn in ALS spinal cords may
be due to the loss of [GF-related trophic lactors
leading o receptor upregulation in an attempt to
maintain neuronal homeostasis and insure neuro-
nal survival. This study suggests that the expres-
sion of IGF receptors may play a key role in the
pathogenesis. and that [GFs may have therapeutic
applications in ALS.
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