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Fig. 1 Coronal brain MRI {A : T2WI on admission, TR 4,530.0ms/TE 101.0ms ; B : T2WI at 80
days after hospitalization, TR 4,077.0ms,"TE 100.0ms).
T2-weighted MR imaging on admission shows increased intensity in the cerebellar cortex (arrow-
head) and suspected swelling of the cerebellar cortex with narrowing of the cerebellar fissures. No
remarkable abnormalities were seen in the supratentorial areas (A).
Eighty days later, these findings had normalized. T2-weighted MR imaging at 80 days after hospi-

talization clearly shows the cerebellar fissures {(arrow) (B).

{(Z-score : Decrease}

Fig. 2. SPECT (A: Saggital imaging on admission; B: Z-score imaging using 3D-SSP}.
Decreased regional cerebral blood flow was detected in the cerebellum (A).
The regional cerebral blood flow in the cerebellum of this patient was significantly lower than that in
control subjects (B).
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Fig. 3. Clinical course of the present case.
Although the patient's symptoms including headache and
dysarthria improved after steroid pulse therapy. truncal
ataxia and cerebrospinal fluid pleocytosis lasted for about
three months.
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Fig. 4. SPECT using 3D-SSP(A: Axial imaging on admission; B: Axial imaging at 80 days after hos-

pitalization).

Decreased regional cerebral blood flow was detected in the region of the cerebellum on admission

(A).

Eighty days later, the regional cerebral blood flow in the cerebellum was extended and decreased to

some extent (B).
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An adult case of acute cerebellitis after influenza A infection with a cerebellar corical lesion on MRI

Takehisa Ishikawa, M.D.”, Yumi Fujio, M.D.*, Mitsuya Morita, M.D.”,
Yoshihisa Takiyama, M.D."” and Imaharu Nakano, M.D."
“Department of Neurology, Jichi Medical School
“Department of Internal Medicine, Jichi Medical School

We report an adult case of acute cerebellitis associated with influenza A. A 25-year-old woman with fever
and headache was diagnosed as having influenza A infection, because nasal swab extract was found positive in
the influenza assay. She was treated with oseltamivir. After the treatment, she gradually developed gait and
speech disturbance. Neurological examination revealed dysarthria with scanning slurred speech, and limb and
truncal ataxia. Cerebrospinal fluid showed pleocytosis and a four-fold or greater change in the antibody titer to in-
fluenza virus A (H3N2) detected by HI T2-weighted brain MRI demonstrated a high signal lesion in the cerebel-
lar cortex. “I.IMP-SPECT showed hypoperfusion in the cerebellum. Thus, acute cerebellitis associated with influ-
enza A infection was diagnosed. Her symptoms partially improved after steroid pulse therapy, whereas the cere-
bellar cortical lesion observed on MRI, truncal ataxia and cerebrospinal fluid pleocytosis remained. The cerebellar
cortical lesion observed on MRI disappeared 80 days after hospitalization, and the truncal ataxia and cerebrospi-
nal fluid pleocytosis had normalized about three months later.

(Clin Neurol, 46 : 491—495, 2006)

Key words : MRI, acute cerebellitis, cerebellar cortical lesion, influenza A, adult
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Neuropathology of amyotrophic lateral sclerosis with dementia

Imaharu Nakano

Division of Neurology, Department of Medicine, Jichi Medical University

Patients with amyotrophic lateral sclerosis with de-
mentia (ALSD) show characteristic mental and behavioral
changes, represented by lack of insight into their tragic
condition. Psychiatric symptoms usually precede motor
neuron symptoms, which determine the life prognosis of
the patients. In this condition, the neuropathology is clas-
sified as cerebral pathology and motoneuron one. The for-
mer is usually emphasized and probably earliest ob-
served in the medial side cortex of the temporal pole, bor-
der zone between the CAl and subiculum, ambient gyrus
and entorhinal area, and amygdala. Another finding
unique to the cerebral pathology of ALSD is cytoplasmic

ubiquitinated inclusion bodies in the dentate gyrus gran-
ular neurons and other cortical small neurons. Motoneu-
ron pathology is almost the same as that in classic ALS
except for a tendency for Bunina bodies to be more
prominent and for the pyramidal tract to be less affected
in this condition. The substantia nigra is more or less de-
generated without Lewy bodies. A condition recently pro-
posed as motor neuron disease-inclusion dementia seems
to be a forme froste of ALSD. Several cases of ALSD with
upper motor neuron-dominant involvement have been
also reported, showing the possibility that extension of
ALSD will be widened than considered so far.

(Japanese Journal of Neuropsychology 22 ; 171-177, 2006)
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Hepatocyte Growth Factor in Mouse Soleus
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Abstract. Hepatocyte growth factor (HGF) has been suggested as a mitogen for skeletal muscle satellite
cells and participates in skeletal muscle hypertrophy. The present study assessed HGF levels in mouse
soleus and plantaris muscles during 14 days of tail suspension and 3 days of reloading using the enzyme-
linked immunosorbent assay. Immunochistochemical analyses were used to determine the locations of
HGEF, its receptor {c-Met) and proliferating cell nuclear antigen. In normal mice, HGF contents were 4.4 £
0.5 ng/g tissue in the soleus muscle and 5.9 + 1.2 ng/g tissue in the plantaris muscle, significantly higher
than in the soleus muscle. HGF level in the soleus muscle was increased 314% from normal by reloading.
HGF and c-Met were expressed in small cells contiguous to muscle fibers. Cells in similar positions
displayed reactivity for PCNA, suggesting that these represent activated satellite cells. Thus, production of

HGF protein appears to stimulated in satellite cells during recovery from disuse atrophy.
Key words: Skeletal muscle atrophy, Satellite cell, Recovery

(This article was submitted Oct. 17, 2005, and was accepted Dec. 8, 2005)

INTRODUCTION

Decreases in muscle activity due to spaceflight®,
unloading? and fixation of joints® often cause”
skeletal muscle atrophy. This is associated with a
loss of contractile protein content due to decreases-
in overall protein synthesis* and increases in
proteolysis™. Skeletal muscles have the ability to
recover, from atrophy and increases in the activity
of atrophied muscles result in hypertrophy and
improvement of contractile function. Work-

induced skeletal muscle hypertrophy is involved not
only in the growth of muscle fiber size®, but also in
an increase in the number of myonuclei’-®.

Allen et al.” reported that the changes following
atrophy or hypertrophy are not due to changes in the
ratio of the myonuclear domain size to the amount of
cytoplasm per myonucleus. Instead, skeletal muscle
satellite cells play important roles in dramatic
changes to myonuclei during hypertrophy. Satellite
cells are mononucleated myogenic cells'® that are
generally found between the sarcolemma and
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basement membrane. These cells usually remain in
a resting or quiescent state!!) and are activated in
response to mechanical stimulation” ® ' or muscle
injury”’ 14

Previous studies have suggested that the
proliferation of satellite cells is stimulated by
growth factors such as hepatocyte growth factor
(HGFE)'* '9)_ insulin-like growth factors!’19,
fibroblast growth factors?® 21, transforming growth
factor B9, platelet-derived growth factor BB!0- 14),
and epidermal growth factor'”- '®, However, only
HGF has been shown to cause satellite cells to exit
the Gy phase and enter the G, phase in vitro?* 2%,
HGF was originally identified as a potent mitogen
for hepatocytes®, and has previously been reported
to be expressed in various organs, including the
liver, lungs, kidneys, thymus and spleen®, and
skeletal muscles!> 19, The complete amino-acid
sequence of human HGF was reported in 1989%%),
HGF binds to the receptor c-Met?”, and activates
cells expressing c-Met®®. This receptor is a
transmembrane tyrosine kinase that mediates the
mitogenic signal for HGF*%-39),

Although some studies have examined the role of
HGF during maturation and regeneration of skeletal
muscle, few attempts have been made to examine
changes in HGF expression in hypertrophied and
atrophied muscle in vivo. Only the content of HGF
mRNA expression following denervation and
compensatory overload>!’, and of HGF protein
following skeletal muscle injury®?, have been
reported. These reports did not examine changes in
HGF protein content following changes in muscle
activities. The present study investigated changes
in the morphology of skeletal muscles, expression
of HGF protein, and locations of HGF, ¢-Met and
proliferating cell nuclear antigen (PCNA) during
unloading and subsequent reloading in the tail
suspension model of hindlimb atrophy in mice.

MATERIALS AND METHODS

Animals and experimental design

C57BL/6NCrj mice (8-weeks-old; initial body
weight 17-19 g; Charles River Japan, Shizuoka,
Japan) were used in this study. Mice were housed in
a temperature-controlled room (20-24°C) with a
12-h light/12-h dark cycle and ad libitum access to
laboratory chow and water. After 1 week, mice
were randomly allocated to one of 3 groups: 2
experimental groups (Unloaded and Reloaded) and

a control group (Control). Animals in the
experimental groups were placed in individual
cages and bilateral hindlimbs were unloaded for 14
days using Morey’s tail suspension mode’®. After
unloading, one of the 2 experimental groups
underwent restoration of weight-bearing (reloading)
for 3 days in standard cages. At the end of
experimental period, all mice were anesthetized
using diethyl ether, and their body weights were
measured. Then, bilateral soleus and plantaris
muscles of the hindlimbs were removed and
immediately weighed using a digital analytical
balance (Mettler Toledo, Tokyo, Japan), after which
the mice were sacrificed. Ratios of muscle wet
weight to body weight were used as the index of
muscle change.

For histochemical analysis and
immunofluorescence, one sample of each muscle
was placed in Tissue-Tek Optimal Cutting
Temperature compound (Miles, Elkhart, IN, USA),
quick-frozen in liquid nitrogen-cooled isopentane,
and stored at —70°C until nse. Some muscle
samples were fixed overnight in 10% formalin and
then embedded in paraffin. Sections were then
stained using hematoxylin and eosis (HE) for
observation of histological features. Other muscle
samples for measurement of HGF protein levels
were chilled in liquid nitrogen. All procedures for
animal care and treatment were performed in
accordance with the Guidelines for the Care and
Use of Laboratory Animals issued by Kanazawa
University, and all protocols were approved by the
IACUC of Kanazawa University.

Enzyme-linked immunosorbent assay (ELISA) for
HGF

Muscle samples removed from bilateral
hindlimbs were homogenized in rat HGF organic
extraction buffer containing 20 mM Tris-HCI, 2 M
NaCl, 0.1% Tween 80 and 1 mM
phenyimethylsulfony! fluoride (3 animals/sample).
HGEF levels in solution were measured using the rat
HGF ELISA system (Institute of Immunology,
Tokyo, Japan).

Histological and immunohistochemical analysis
To determine the ratio of type II fibers to total
muscle fibers and to perform immunofluorescence
for HGF, 8- and 6-um frozen sections were cut
using a cryostat (Sakura Finetek, Tokyo, Japan)
cooled to -20°C, then dried for 2 h at room



temperature. Type I and II fibers in transverse
sections (8 um thick) were stained for myosin
ATPase at pH 10.7. Lightly and darkly stained
muscle fibers were classified as type I and II fibers,
respectively. More than 150 randomly selected
muscle fibers were measured per muscle section,
and the percentage of type II fibers among the total
number of fibers was calculated.

Immunofluorescence

Frozen transverse sections (6 ym thick) were
fixed in methanol for 3 min at 4°C, then treated with
0.1% Triton X-100 in phosphate buffered saline
(PBS) for 5 min. Non-specific binding sites were
blocked using 10% normal swine serum and 1%
bovine serum albumin (BSA) in PBS for 30 min.
Sections were incubated with 1:10 polyclonal anti-
rat HGF antibody (Institute of Immunology) in PBS
or 1:40 normal rabbit serum (negative contro}) for 2
h at 37°C, followed by 1:600 goat anti-rabbit Alexa
Fluor 488 (Molecular Probes, Eugene, OR, USA)in
PBS for 20 min at room temperature. All nuclei
were counterstained using 4°,6-diamidino-2-
phenylindole dihydrochloride (Molecular Probes).
Sections were mounted in Gel/Mount (Cosmo Bio,
Tokyo, Japan). Fluorescein signals in sections were
observed and photographed under a fluorescence
microscope (Olympus, Tokyo, Japan).

Immunoperoxidase

Tissues embedded in paraffin were cut 4 um
thick, placed on silane-coated slides, dewaxed with
xylene, and dehydrated in ethanol. Endogenous
peroxidases were blocked by incubation in 3%
hydrogen peroxide for 10 min. Non-specific
binding sites were blocked for 15 min with PBS
containing 10% normal swine serum and 1% BSA.
For HGF, sections were incubated overnight at 4°C
with 1:500 anti-rat HGF antibody (Institute of
Immunology) in PBS containing 10% normal swine
serum and 1% BSA, then HGF was detected using
the CSA System (Dako Cytomation Japan, Kyoto,
Japan) in accordance with the instructions provided
by the manufacturer. For c-Met, sections were
incubated overnight at 4°C with 1 ug/ml rabbit
polyclonal anti-c-Met antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Sections
were incubated for 60 min at room temperature with
horseradish peroxidase-labeled polymer conjugated
with goat anti-rabbit immunoglobulin (Dako
Cytomation Japan). Antigenic sites were visualized
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with 3’,3-diaminobenzidine tetrahydrochloride
using a commercial kit (Dako Cytomation Japan)
and then counterstained with hematoxylin.

For immunohistochemical staining of PCNA,
sections were incubated with mouse monoclonal
anti-PCNA antibody (ready-to-use, clone PC10;
Dako Cytomation Japan) or normal mouse serum
(negative control, ready-to-use; Dako Cytomation
Japan), followed by 60 min incubation at room
temperature with horseradish peroxidase-labeled
polymer conjugated with goat anti-mouse
immunoglobulin. Immunoreactive protein was
visualized using 3°,3-diaminobenzidine
tetrahydrochloride (Dako Cytomation Japan).
Nuclei were counterstained using hematoxylin. As
a negative control, normal rabbit serum or normal
mouse serum was used instead of primary
antibodies (Dako Cytomation Japan).

Statistical analyses

Data are presented as means = standard deviation
(SD). Differences between soleus and plantaris
muscles were assessed using Student’s or Welch’s
i-test. Differences between groups were detected
by one-way analysis of variance (ANOVA)
followed by Scheffe’s post hoc test. For all tests,
values of P<0.05 were considered statistically
significant.

RESULTS

Damage to muscles

Muscle wet weights and body weights were
measured and the ratio calculated. Ratios were
significantly lower in unloaded soleus and plantaris
muscles than in control muscles, and reloading
restored the ratios to normal levels (Table 1).

To determine the morphological effects of
unloading and reloading, transverse sections of
soleus and plantaris muscles were examined under
an optical microscope. After loss of loading for 14
days, plantaris muscles showed atrophy and
derangement of fiber alignment. No clear
degeneration of muscle fibers was apparent (Fig.
1B, E). However, degeneration in the soleus muscle
resulted in infiltration of macrophages and a marked
presence of fibers displaying central nuclei after
reloading (Fig. 1C). Furthermore, the number of
nuclei in reloaded soleus muscles was increased,
indicating regeneration (Fig. 1C). Degeneration
and regeneration were not clearly observed in the
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Table 1. Body, weight and muscle mass in soleus and plantaris muscles

Soleus muscle

Plantaris muscle

Control Unloaded Reloaded Control Unloaded Reloaded
- {(n=20) {n=20) {n=20) (n=20) (n=20) (n=20)
Muscle wet wt (mg) 150+ 1.1 9.8x1.2% 136+ 1.6 27719 249+1.8%  276%1.7
Body wt (g) 20.8+0.7 205+ 1.1 201+ 1.4 208 +£0.7 205+ 1.1 20.1 1.1
Muscle wet wt/ body wt (ing/g) 072+£0.04 048%0.07% 0.68+£0.08 1.33£0.04 1.21£007% 1.38%0.08

Values expressed as mean + SD. * = Significantly different (P<0.05) from control and reloaded. Wt = weight.

HE staining
plantaris muscles. Normal soleus muscle {(A) and plantaris
muscle (D); soleus muscle (B) and plantaris muscle (E)
following 14 days of unloading; soleus muscie (C) and
plantaris muscle (F) following 14 days of unloading followed

by 3 days of reloading.

of cross-sections from mouse soleus and

Derangement of muscle fiber

alignment-is apparent following unloading (B, E) and
reloading (C, F). Scleus muscle shows infiltration of
macrophages, fibers with central nuclei and an increase in
myogenetic nuclei (C) following 14 days of unloading
followed by 3 days of reloading. Scale bar, 50 pm.

plantaris muscle (Fig. LF).

Staining for muscle myosin ATPase clearly
distinguished lightly stained type I fibers from
darker type II fibers (Fig. 2). Type Il fibers were
dominant in the soleus muscle, while type I fibers
were dominant in the plantaris muscle (Table 2).
The ratio of type II fibers to total fibers did not
differ significantly between groups (Table 2).

Changes in HGF level

HGF levels in mouse skeletal muscles were
quantified using ELISA. In normal mice, HGF
contents were 4.4 £ (.5 ng/g tissue in the soleus
muscle and 5.9 *+ 1.2 ng/g tissue in the plantaris

muscle. Soleus and plantaris muscles unloaded for
14 days tended to display slightly reduced HGF
levels, but no significant difference was identified.
Reloading for 3 days after 14-day unloading
significantly increased HGF levels in the soleus
muscle (Table 3). According to ELISA results,
reloading after unloading resulted in a 314%
increase in the level of HGF protein in soleus
muscles as compared to control soleus muscles.
The HGF level was significantly higher in reloaded
soleus muscles than in control or unloaded soleus
muscles. In contrast, the HGF level in plantaris
muscles was not significantly changed after
reloading. The HGF level was significantly lower
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Table 2. Proportion of type Il fibers total muscle

fibers (%)
Soleus muscie Plantaris muscle
Control 69.5+1.9 432 +45
Unloaded 71.9+4.6 52.8%98
Reloaded 70.6£34 452 +£37

Results represent means £ SD (n=5).

in control soleus muscles than in control plantaris
muscles, but it was significantly higher in reloaded
soleus muscles than in reloaded plantaris muscles.

Immunolocalization of HGF, c-Met and PCNA
Localization of HGF was determined by
immunoperoxidase using formalin-fixed and
paraffin-embedded tissues and immunofluorescence
using unfixed frozen tissues. HGF was observed in
the cytoplasm of satellite cells, which were seen as
small cells contiguous with and distinct to muscle
fibers in paraffin sections of reloaded soleus muscle
(Fig. 3A, B). No HGF was identified in control or
unloaded soleus muscle. Plantaris muscles inall

conditions were negative for HGF immunostaining. .

Immunofluorescence in frozen sections of reloadéd
soleus muscles also showed positive results for HGF
around nuclei in the small satellite cells adjacent to
large muscle cells (Fig. 3D, E). Negative control
sections stained with normal rabbit serum instead of
anti-HGF antibodies did not display any specific

Myosin ATPase staining of cross-sections from mouse soleus
and plantaris muscles. Normal soleus muscle (A) and
plantaris muscle (D); soleus muscle (B) and plantaris muscle
(E) following 14 days of unloading; soleus muscle (C) and
plantaris muscle (F) following 14 days of unloading followed
by 3 days of reloading. Type 1 fibers stain lightly, while type
11 fibers stain dark. Scale bar, 100 gm.

Table 3. HGF protein concentrations in mice soleus
and plantaris muscles

HGF protein concentration (ng/g tissue)

Soleus muscle Plantaris muscle

Control 44+035° 59+1.2
Unloaded 32116 43+1.2
Reloaded 13.8 £ 5.0% 65+ 1.4

Results represent means £ SD (n=3). *P<0.05 vs.
controls; ®P<0.05 vs. unioaded; ¢P<0.05 vs. plantaris
muscle.

signals for HGF (Fig. 3C, F). In addition, c-Met was
identified in the small satellite cells in the membrane
facing adjacent muscle cells (Fig. 4A). To
distinguish small satellite cells from quiescent
muscle fiber cells and infrequently dividing
macrophages, cell division ability was assessed
using PCNA histochemistry, which generally stains/
visualizes the G or S phase of the cell cycle.
PCNA-positive cells were present alongside muscle
fibers and were considered to represent cells similar
to HGF- and c-Met-positive cells (Fig. 4C).

DISCUSSION

In our experiments, quantitative and
morphological atrophy of the soleus and plantaris
muscles was caused by unloading for 14 days.
Supporting the current findings, a previous study™®





