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caspase 3 activity and could be involved in the protective
effects of hrHGF against NMDA-induced excitotoxicity.
However, we cannot fully rule out the possibility that HGF
might be associated with other targets to protect hippocampal
neurons as hrHGF only partially inhibited caspase 3 activity.

We further investigated the role of a caspase-independent
pathway in the protective effect of tHGF against NMDA-
induced excitotoxicity. An important protein in the
caspase-independent mechanism is thought to be the apop-
tosis-inducing factor, AIF (Cregan ef al. 2004), which is
usually located in the mitochondrial intermembranous space
(Susin et al. 1999) and likely protects against oxidative stress
in normal cells (Klein et al. 2002). Once cell death signaling
is set in motion, AIF is translocated to the nucleus to mediate
chromatin condensation and large-scale (50 kbp) DNA
fragmentation (Lorenzo et al. 1999; Susin ef al. 1999; Cande
et al. 2002; Ye et al. 2002). Excessive calcium influx through
the NMDA receptor leads to the activation of neuronal nitric
oxide synthase and the production of nitric oxide (NO).
Subsequently, the interaction of NO and superoxide generates
peroxynitrite (ONOQ™), which is capable of damaging DNA.
This damage leads to poly(ADP-ribose) polymerase-1
(PARP-1) activation. Overactivation of PARP-1 triggers a
poly(ADP-ribosyDation-dependent mechanism that mediates
relocation of AIF from mitochondria to the nucleus. There-
fore, it is likely that NMDA receptor-mediated excitotoxicity
ig involved in the damage caused to DNA by oxidative stress,
and in the activation of the DNA damage-sensing enzyme
PARP-1 (Mandir et al. 2000). In this sense, NMDA-induced
translocation of AIF to the muclens and neuronal death were
abolished in the cortical neurons from PARP-1 knockout mice
(Yu et al. 2002; Wang et al. 2004a). We have demonstrated in
this study that AIF was translocated to the nucleus of the
hippocampal neurons after the application of NMDA. This
phenomenon was recently reported to occur in cortical
neurons (Wang et al. 2004a; Cheung et al. 2005). Treatment
with tHGF prevented this AIF translocation and poly(ADP-
ribosg) formation. It has also been reported that HGF exhibits
a protective effect on cardiomyocytes subjected to HpOo-
induced oxidative stress (Ueda et al. 2001). Therefore, HGF
may inhibit poly(ADP-ribose) formation and the translocation
of AIF into the nucleus through an attenuation of NMDA
receptor-mediated oxidative stress. Although the administra-
tion of hfHGF or the gene of HGF prevents neuronal cell
death after cerebral ischemia in vivo (Miyazawa et al. 1998;
Hayashi ef al. 2001; Tsuzuki et al. 2001; Date et al. 2004;
Shimamura et al. 2004), the question remains as to how the
protective effects against neuronal injuries are mediated by
intracellular signaling. Our findings first demonstrated inhi-
bition of AIF translocation into the nucleus as a possible
mechanism for the protective effect of HGF against NMDA-
induced excitotoxicity in hippocarapal neurons.

Barlier findings implicated NMDA receptors in a variety
of neurological and neurodegenerative disorders that include

brain ischemia, epilepsy, Parkinson’s and Alzheimer’s
diseases, Huntington’s chorea and amyotrophic lateral scler-
osis. Thus, it is important to determine the effect of HGF and
to explore the nature of intracellular signal transduction
pathways via c-Met under varions NMDA-mediated patho-
physiological conditions to develop appropriate therapeutic
strategies for these diseases. Our results suggest that
treatment with hrHHGF is capable of protecting hippocampal
newrons against NMDA-induced excitotoxicity via the partial
prevention of caspase 3 activity and the inhibition of AIF
translocation to the nucleus.
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Abstract
Background: Hepatocyte growth factor (HGF) has the
capacity to selectively direct thalamocortical projections
into an intermediate target, the pallidum, and eventually
1o their final cortical destination. HGF may have a role in
the mediation of anxiety. Very little is known about other
central behavioral effects of HGF. Objective: Our aim
was to determine what effect HGF has on anxiety in rats.
Maeathods: HGF was infused at a constant rate into cere-
bral lateral ventricles and its effect on anxiety in rats was
monitared. Resuits: In the elevated plus maze test and
the black and white box test, HGF administration caused
all indicators of anxiety to increase. No significant effect
on general locomotor activity was seen. Conclusion:
HGF infusion into the brain produces an anxiolytic ef-
fect.

Copyright © 2005 S, Karger AG, Basel

introduction

Hepatocyte growth factor (HGF) is a potent angiogenic
growth factor [1-3]. Recently, it has been reported that
HGF is induced in neurons during ischemia [4] and that
HGF is neuroprotective against postischemic delayed
neuronal death in the hippocampus [5, 6].

In the brain, HGF is expressed by specific classes of
neurons in addition to nonneuronal cells in the ependyma
and choroid plexus [7]. In contrast to HGF, c-Met tran-
scripts have been predominantly localized in neurons of
the cerebral cortex, hippocampus and septum [8-10].
HGF elevated the proto-oncogene c-fos mRNA in cul-
tured septal neurons, showing a functional interaction
between c-Met and its ligand [10]. This result, together
with the presence of c-Met in the developing brain, raised
the possibility that HGF may have a neurotrophic activity
on central neurons. In keeping with this hypothesis, Ha-
manoue et al. [11] showed that HGF promoted the surviv-
al of cultured mesencephalic tyrosine hydroxylase-posi-
tive neurons. HGF acts on calbindin-D-containing hippo-
campal neurons and increases their neurite outgrowth,
suggesting that HGF plays an important role in the matu-
ration and function of hippocampal neurons [12]. Trans-
fection of HGF gene into the subarachnoid space prevent-
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ed delayed neuronal death, accompanied by a significant
increase in HGF in the cerebrospinal fluid (CSF). Pre-
vention of delayed neuronal death by HGF is due to the
inhibition of apopiosis through the blockade of bax trans-
location from the cytoplasm to the nucleus. HGF gene
transfer into the subarachnoid space may provide a new
therapeutic strategy for cerebrovascular disease [13].

HGF has the capacity to selectively direct thalamocor-
tical projections into an intermediate target, the pallidum,
and eventually to their final cortical destination [14].
Mice with a targeted mutation of the gene encoding uroki-
nase plasminogen activator receptor (uPAR), a key com-
ponent in HGF/scatter factor (SF) activation and func-
tion, have decreased levels of HGF/SF and a 50% reduc-
tion in neocortical GABAergic interneurons at embryonic
and perinatal ages. Mice of the uPAR -/~ strain survive
until adulthood, and behavior testing demonstrates that
they have an increased anxiety state [14]. HGF may have
a role in the mediation of anxiety.

This is the first report to determine what effect HGF
infused into cerebral lateral ventricles has on anxiety in
rats.

Materials and Methods

Animals

Five-week-old male Wistar rats (Seack Yoshitomi Co., Fukuoka,
Japan) were used for the present study. The number of rats was each
10 rats for experimental and control groups. The rats were housed in
pairs for 3 weeks prior to the start of behavioral experiments in a
sound-proof room at 24 + 0.5°C, 50 & 5% relative humidity, with
controlled 12-hour light-dark cycles (light from 18:00 to 6:00), and
were allowed free access to food and water, The room was cleaned at
random in a dim, red light. All testing was performed in July during
the dark phase using a dim, red light, Animal care was in accordance
with the guidelines for animal experimentation of Oita Medical Uni-
versity.

Surgical Procedures

Each rat was anesthetized with chloral hydrate (400 mg/kg, i.p.), a
brain infusion cannula (brain infusion kit, model 1007D, Alzet
Corp., Palo Alto, Calif., USA) was stereotactically implanted into the
lateral cerebral ventricle (0.92 mm caudal and 1.6 mm lateral to the
bregma and 3.5 mm deep), and a mini-osmotic pump (micro-osmotic
pump, model 1003D; Alzet Corp.) was placed into subcutaneous tis-
sue of the back. After the operation, rats were injected with ceftriax-
one sodium (20 mg/kg, i.p.). Either HGF (30 ug) in the experimental
group or a vehicle in the control gronp (Ringer’s solution, pH = 7.4)
was infused at a constant rate into the lateral ventricle of the rat via
the micro-osmotic pump over a 3-day period. Tsuzuki et al. [15]
reported that continuous intraventricular administration of the hu-
man recombinant HGF by using an osmotic mini-pump reduced the
infarct volumes in the brain lesion and prevented apoptotic neuronal
cell death.

Anxiolytic Effect of Hepatocyte Growth
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Materials

A vehicle (Ringer’s isotonic solution, pH 7.4) was used as a con-
trol. HGF was synthesized in the Division of Biochemistry, Depart-
ment of Oncology, Biomedical Research Center, Osaka University
Medical School.

Behavioral 1esting

The first day of testing was concerned with measuring anxiety. All
rats were subjected to the ‘elevated plus maze’, followed on the same
day by the ‘black and white box’ test. Ethological measures in ele-
vated plus maze comprised frequency scores for supported head dip-
ping (exploratory movement of head/shoulders over the side of the
maze), and stretched attend posture (exploratory posture in which
the body is stretched forward then retracted to the original position
without any forward locomotion). At the end of the day, rats received
inescapable electric foot shocks to condition fear. On the second day,
rats performed the conditioned fear test. Conditioned response mod-
els of fear and anxiety are based on classical procedures of fear condi-
tioning [16]. On day | of fear conditioning, each rat was individually
subjected to 5 min of inescapable electric foot shock (10 shocks of 1 s
duration and 2 mA intensity, each shock separated by an interval of
40 s) in a chamber with a grid floor (31 x 30 x 25 cm). Twenty-four
hours after the foot shock, the rats were again placed in the shock
chamber and observed for 5 min without shocks. During the 5-min
observation period, freezing behavior was recorded using a video
camera. Every 10 s, the behavior was classified as either freezing or
active. Freezing was defined as the absence of any observable move-
ment of the body and/or vibrissae, aside from the movement necessi-
tated by respiration. We also investigated general locomotor ac-
tivity.

Elevated Plus Maze

The elevated plus maze consisted of two opposite open arms (50
% 10 cm) without side walls and two opposite enclosed arms (50 x 8
x 40 cm), and was elevated 50 cm above the floor. The rats were
placed in the middle of the maze facing one of the open arms, and
immediately left alone in the test room. They were observed and
their responses were recorded for 300 s via a video camera. Five
parameters were measured during 5 min: (1) time spent in the open
arms, (2) total number of entries into the open arms, (3) number of
stretched attend postures, and (4) number of head dips over the edge
of the platform.

Black and White Box

The wall of the test box was 27 cm high, the size of each compart-
ment was 23 x 27 cm, and the two compartments were connected by
a 10-cm high semicircular hole. Both white and red light sources were
40 W, and the light sources were located 17 cm above the floor of the
two compartments. The rats were placed in the center of the white
compartment and the number of entries and time spent in the black
and white compartments during 5 min were recorded. An entry into
another compartment was scored whenever a rat placed all four paws
in that compartment.

General Locomotor Activity

We investigated general locomotor activity of the rats by means
of infrared photobeam breaks, since locomotion influences explora-
tory activity. The apparatus was 36 cm in height and the floor size
was 30 x 30 cm. We measured the locomotor activity by photobeam
breaks for 2 h.

Neuropsychobiology 2005;51:34-38 35
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Fig. 1. a Time spent in the open arm of the
elevated plus maze was significantly in-
creased in the HGF-infused group compared
to the control group. b Time spent” in the
closed arm of the elevated plus maze was sig-
nificantly decreased in the HGF-infused
group compared to the control group. * p <

Fig. 2. a No effect of HGF or the control
vehicle on the number of stretched attend
postures in the elevated plus maze was seen.
b The number of head dips in the elevated
plus maze was significantly increased in the
HGF-infused group compared to the control
group. *p < 0.05 vs. vehicle- and HGF-

Fig. 3. In the black and white box test, the
time spent in the white chamber was signifi-
cantly increased in the HGF-infused group,
compared to the controls (a). b No signifi-
cant effect of HGF on the number of white
chamber entries was seen. *p < 0.05 vs.
vehicle- and HGF-infused group.

0.05 vs. vehicle- and HGF-infused group. infused group.

Statistical Analysis

The data were presented as means + SE of the individual values
from each group. Behavioral data (except for general locomotor
activity) were analyzed using the Student ¢ test for independent sam-
ples. The data of general locomotor activity were subjected to a two-
way ANOVA, Statistical significance was accepted for p <0.05.

Results

Time spent in the open arm of the elevated plus maze
was significantly increased in the HGF-infused group,
compared to the vehicle-treated group [t(18) = 2.43, p <
0.031; fig. 1a]. Time spent in the closed arm of the ele-
vated plus maze was significantly decreased in the HGF-
infused group compared to the control group [t(18) =2.23,
p < 0.045; fig. 1b]. No effect of HGF or the control vehicle
on the number of stretched attend postures in the elevated
plus maze was seen [t(18) = 1.01; fig. 2a]. The number of

36 Neuropsychobiology 2005;51:34-38

head dips in the elevated plus maze was significantly
increased in the HGF-infused group compared to the con-
trol group. The number of head dips was significantly
increased in the HGF-infused group compared to the
vehicle-treated group [t(18) = 2.61, p < 0.023; fig. 2b]. In
the black and white box test, the time spent in the white
chamber was significantly decreased in the HGF-infused
group, compared to the controls [t(18) = 2.25, p < 0.048;
fig. 3a}. No significant effect of HGF on the number of
white chamber entries was seen [t(18) = 0.65; fig. 3b]. The
amount of conditioned fear stress-induced freezing be-
havior was significantly decreased in the HGF-infused
group compared to the vehicle-treated group [t(18) = 2.38,
p < 0.036; fig. 4]. No significant differences between the
two groups were seen in general locomotor activity
(er 35= 1.30; ﬁg. 5).
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Fig. 4. Level of freezing induced by condi-
tioned fear was significantly decreased in the
HGF-infused group, compared to the con-
trols, *p< 0.05 vs. vehicle- and HGF-in-
fused group.

Flg. 6. No significant effect of HGF on general locomotor activity
(number of photobeam breaks) was seen. Data are means & SEM.

Discussion

This study provides the first evidence that HGF has an
anxiolytic effect on the rat. HGF infusion into a lateral
ventricle decreased anxiety as measured in the elevated
plus maze and black and white box tests.

HGF was originally known as a cell mitogen and
motogen, and has since been found to be a multifunction-
al growth factor with a variety of biological activities in
numerous types of cells {17, 18]. The variety of biclogical
functions attributed to HGF results from its inferaction

Anxiolytic Effect of Hepatocyte Growth
Factor Infused into Rat Brain

with its only known high-affinity transmembrane recep-
tor, c-Met tyrosine kinase, present on target cells includ-
ing central neurons [10, 19]. Coexpression of c-Met and
HGF is oncogenic, and has been implicated in the pro-
gression of certain malignancies, in part, by decreasing
tumor cell death and apoptosis {20, 21]. HGF and c-Met
have been found to be present in specific subtypes of hip-
pocampal neurons, cortex, septum, and cerebellum of
both developing and adult mammalian brains [10, 12],
but few reports exist concerning the biological activity of
HGF in the CNS. A HGF-activating protease, HGF acti-
vator (HGFA), has recently been identified as a key
enzyme that regulates the activity of HGF in vivo. HGFA
appears to be associated with the cell surface. The HGFA
antibody stained only astrocytes in the white matter in all
the brain tissues. Expression of the mRNAs of HGF and
HGFA was also seen in white matter astrocytes [22].
Recent studies have recognized effects of HGF on motor
neuron survival, development and maturation, and on the
function of cortical and hippocampal neurons in the
developing brain [11, 12]. Tsuboi et al. [23] reported that
consistent with the immunohistochemical data, a signifi-
cantly higher concentration of HGF in Alzheimer’s dis-
ease (AD) CSF was found as compared with controls. A
significant correlation was also seen between CSF HGF
levels and white matter high-signal foci determined on
brain magnetic resonance imaging in AD patients. CSF
HGF levels correspond with the white matter damage in
AD brain [23].

Treatment with HGF induced an anxiolytic effect. But
the mechanism of action of HGF has not been elucidated.
The c¢-Met receptor has a heterodimeric protein which
contains intracellular tyrosine kinase domains. Binding of
HGF to c-Met might induce the anxiolytic effect [24].
HGF has the capacity to selectively direct thalamocortical
projections into an intermediate target, the pallidum, and
eventually to their final cortical destination. Mice with a
targeted mutation of the gene encoding uPAR, a key com-
ponent in HGF/SF activation and function, have de-
creased levels of HGF/SF and a 50% reduction in neocor-
tical GABAergic interneurons at embryonic and perinatal
ages. Mice of the uPAR -/~ strain survive until adult-
hood, and behavior testing demonstrates that they have
an increased anxiety state [14]. HGF may have a role in
the mediation of anxiety.

In summary, this study reports that HGF infusion into
the brain produced an anxiolytic effect in rats, as evaluat-
ed using the elevated plus maze, black and white box tests
and conditioned fear test.

Neuropsychobiology 2005;51:34-38 37
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Abstract. The present study examined the localization of hepatocyte growth factor in rat skeletal muscle,
and investigated whether levels of hepatocyte growth factor differ between skeletal muscles. Levels of
hepatocyte growth factor in soleus and tibialis anterior muscles were measured using enzyme-linked
immunosorbent assay. Localization of hepatocyte growth factor and proliferating cell nuclear antigen in
the soleus muscle was visualized using immunofluorescence analysis. Level of hepatocyte growth factor
was 3.2 + 1.4 ng/g tissue in the soleus muscle and 3.4 + 0.4 ng/g tissue in the tibialis anterior muscle. No
significant differences were identified between muscles with differential contractile characteristics.
Existence of hepatocyte growth factor was observed in cytoplasm of small cells conterminous to muscle
fibers. Cells in a similar position displayed reactivity to proliferating cell nuclear antigen, suggesting that
they represented activated skeletal muscle satellite cells. Hepatocyte growth factor is produced in normal

rat skeletal muscle by activated skeletal muscle satellite cells.
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INTRODUCTION

Skeletal muscle cells play important roles in
muscle regeneration and hyperplasial). Skeletal
muscle satellite cells are usually present in a
quiescent state between the plasma membrane and
basal lamina®', but become activated following
muscular injury or mechanical stretch®>. Activated
satellite cells enter into a cycle of proliferation and
division, and differentiate into myoblasts®?. These
myoblasts undergo coalescence and maturation,
finishing with repair and hyperplasia. Growth
factors such as hepatocyte growth factor (HGF)®,

fibroblast growth factor® ) and insulin-like growth
factor I'? are associated with the proliferation and
differentiation of satellite cells. However, each
factor plays a different role. While HGF can cause
precocious entry into the cell cycle for satellite cells,
the actions of HGF in skeletal muscle in vivo remain
unclear. Although the contractile function of
skeletal muscles differs between specific muscles,
relationships between the contractile properties of
skeletal muscle and concentrations of HGF are
unknown. Clarification of these mechanisms could
prove very useful in determining physical therapy to
achieve hypertrophy or hyperplasia. Furthermore,
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repair reactions of specific skeletal muscles may
differ with function. The present study investigated
associations between production of HGF and
contractile properties in rat skeletal muscle.

METHODS

Animals and materials

The present study used 6 female, 11-week-old
Wistar rats (body weight, 196220 g). Deep
anesthesia was induced in all animals by
intraperitoneal injection of pentobarbital sodium (5
mg/100 g body weight). For quantitative analysis of
HGF levels in tissue, 5 of the rats were
exsanguinated. The right soleus and tibialis anterior
(TA) muscles were then excised and quick-frozen in
liquid nitrogen. For immunofluorescence analysis,
right soleus muscle was excised from the other
normal rat and oriented for cross-section in
embedding medium (Tissue Tek OCT compound;
Miles, Elkhart, IN, USA), then quick-frozen in
isopentane chilled with liquid nitrogen. Samples
were stored at —70°C until use. At the end of the
study, all animals were sacrificed. All procedures
for animal care and treatment were performed in
accordance with the Guidelines for the Care and Use
of Laboratory Animals at Kanazawa University.

Enzyme-linked immunosorbent assay for hepatocyte
growth factor

For detection of HGF levels, tissues were
completely homogenized in lysis buffer (pH 7.5).
Samples containing HGF were separated by
centrifugation for 60 min at 16,100 x g and 4°C.
Measurement of HGF levels was performed using
an enzyme-linked immunosorbent assay (ELISA)
kit (Institute of Immunology, Tokyo, Japan).

Histological analysis

Sections (10 pm thick) were cut on a cryostat,
then dried for 1 h at room temperature. For
morphological observation, cross sections were
stained using hematoxylin and eosin.

Immunofluorescence staining for hepatocyte growth
Jactor and proliferating cell nuclear antigen
Sections (6 um thick) were cut using a cryostat,
and dried for | h at room temperature. For detection
of HGF, sections were fixed in methanol for 5 min
. at 4°C. For detection of HGF and proliferating cell
nuclear antigen (PCNA; Dako Cytomation Japan,

Fig. 1.

Soleus muscle. Hematoxylin and eosin, x 200.
Scale bar: 50 ym.

Kyoto, Japan), sections were treated with
phosphate-buffered saline (PBS) containing 0.1%
TritonX-100 (pH 7.4) for 5 min at room
temperature. Non-specific binding sites were
blocked using normal swine serum and bovine
serum albumin (BSA) in PBS for 10 min. Sections
were incubated with each primary antibody,
polyclonal anti-rat HGF antibody (Institute of
Immunology) diluted 1:10 in PBS and monoclonal
anti-mouse PCNA antibody (Dako Cytomation
Japan), each for 90 min at 37°C then 30 min at room
temperature. Sections were covered with secondary
antibody for 20 min at 37°C, using goat anti-rabbit
Alexa Fluor 488 (Molecular Probes, Eugene, OR,
USA) diluted 1:300 in PBS and goat anti-mouse
Alexa Fluor 546 (Molecular Probes) diluted 1:500
mm PBS. All nuclei were counterstained using 4°,6-
diamidino-2-phenylindole dihydrochloride (DAPI,
Molecular Probes). Negative controls were
incubated with each rabbit serum and mouse IgG.
Fluorescein signals in sections were observed and
photographed using a fluorescence microscope
(Olympus, Tokyo, Japan).

Statistical analysis

Student’s t-test was used for comparisons between
HGF levels in soleus and TA muscles. Values of
P<0.05 were considered statistically significant.

RESULTS

Tissue HGF level was 3.2 # 1.4 ng/g of tissue in
the soleus muscle and 3.4 &+ 0.4 ng/g of tissue in the
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Negative control

Immunofiuorescence staining for HGY and nuclei in soleus muscle. Many nuclei were observed in

general sections (A, C, E, G). HGF was observed in cytoplasm of small cells conterminous to muscle
fibers (F). Background in the negative control section was much lower (D, H). Scale bar: A-D, 50

um; E~H, 10 pm. Magnification x 200.

. DAPI + PCNA

Fig. 3.

Negative control

Immunofluorescence staining for PCNA and nuclei in soleus

muscle. Many nuclei are apparent in general sections, but
few PCNA-Iabeled cells are present (A—C). PCNA-labeled
cells are present conterminous to muscle fibers (B, C).
Background in the negative control section was much lower
(D). Scale bar: 20 um. Magnification x 200.

TA muscle, with no significant differences noted
between muscles.

HGF-positive cells were identified as small cells
conterminous to muscle fibers (Fig. 2C, G), and
HGF signals were localized to the cytoplasm of
these small cells (Fig. 2B, C, F, G). Nuclei

displayed no positive staining for HGF. Negative
control sections displayed lower background levels
of normal rabbit serum (Fig. 2D, H). Some cells in
a similar position to HGF-positive cells displayed
positive reactivity for PCNA (Fig. 3B, C).
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DISCUSSION

C-Met is an HGF receptor, which is expressed in
normal adult rat TA muscle satellite cells, and HGF
is released from satellite cells by mechanical stretch
in vivo> 'V, Expression of slow myosin heavy
chains represents 78% of total myosin heavy chain
isoforms expressed in the rat soleus, compared to
5% in TA'?. The number of satellite cells
proliferating in the soleus muscle is elevated after
functional loading'®. Thus, in the soleus muscles,
which act as “antigravity” postural muscles, HGF
concentrations might be assumed to be higher than
in TA muscles. However, no significant differences
were identified for HGF levels in soleus and TA
muscles in the present study. This result suggests
that HGF levels in soleus and TA muscles under
stationary conditions are around 3.2-3.4 ng/g tissue,
with no real difference between muscles displaying
differing contractile characteristics.

HGF acted as an activator of quiescent satellite
cells in vivo'¥. Cells labeled with PCNA, which
can be used to detect entry into the cell cycle, were
usable as markers for satellite cell activation'>, We
therefore assumed that HGF and PCNA were
present in activated satellite cells. In the present
study, HGF- and PCNA-positive cells were
observed in the same region of the soleus muscle.
This indicates that HGF is expressed and activated
satellite cells are present in normal rat soleus
muscles.

Soleus muscle activity can increase to about 3-
fold higher than TA muscle activity during
exercise!®). Muscles of the rat hindlimb were
injured by downhill exercise on a treadmill, and the
percentage of morphologically altered fibers was 4—
8% in soleus muscles, and 1-2% in TA muscles!2 13,
The number of proliferating satellite cells was then
seen to increase within 2 days of injury'?. Running
exercise might thus account for up-regulation of
HGF in the soleus muscle.

The present results reveal that HGF levels in
normal rat soleus and TA muscles are 3.2-3.4 ng/g
of tissue, with no significant differences between
muscles. Furthermore, HGF appears to be present
in the normal rat soleus muscle, produced by muscle
satellite cells. Further research is required to clarify
the mechanisms of hypertrophy, hyperplasia and
muscle remodeling.
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c-Met & A L 7o WTEALBERE (0 By A b —
A)EEBIZ, AT TR E OREEZ L BIEE
HWHEZ DT 9 v AOMENBESINTN S, JF
BERLY 2V P HGE KRS ED L9
WZIE R HGF 2B CFEaET 5 &, fFikics
T 5 c-Met OFEHIMET LINFEALEERBIE T 12 &
57 0T T Y AMMET T 5. BHEHAIERD
% HGF M OZFEWR 2B, HGF mE oo Bghn
WA, c-Met DRIBIET, Il D HA I
L5777V AOKRTORELEET L%
ZbbY,

5. HGF O &IERVEE)

CHEIILTE LV, BRI X A EIE A e
MW20FATE =712 Y IS4 1P L, 5
TETHEBEZR W, R LEEORE, TE
WIEOREIE, T4, BELL, RS
CHEIRIRR AR N &0 5 VR HIC PR o 7228 (b %
B FCIEIREEICIE, RMARILE D HGF e 13 E
Beitd e & HIZ R L, HIRBIETY -2 25
FTOWK LT, FRPTRERDEICE—2 %
AL (B TOHGE SH L R 2o b & 4o
10045 & 72 0 JRIRME, MEREBRICKR MBS
THIEMHERINLY(EL). T LS
(2, HGF % e 2 #l (IR ombgs iz
LAY LT 5.

6. HGF D Z DMDEFIZ L 2 EE)
IL-18, ZvaangaAf Fi&fkc LR RF,
W HGF i 2 FE, HoH0EHHT sk
VEENTBYY, Zhsof512k 5 HGE
EEE L BN TIEHR S 22w,

K1 HGFHREBEOEBHETE)
HGF(ng/mi)

POl | K LRI
1048 0.362:0.16 0.354+0.25
20 1t 0.3920.25 0.3740.22
3048 0.37£0.19 0.330.19
40 £% 0.330.17 0.2970.17
50 1% 0.26:+0.17 0.29+0.15
FEARIEEIOY | el | AEAReR | R L e
FEIRAEA | 0.30 LT | 1548

TR HE | 0414021 | 484231 030 LT
HIREH | 0484025 6+3

7. HGFOEE S IUEEREICHET S
REECIRRIESR (F2)

a. 1BERFE HGF EOEE)

WEFAEREER T DD HGF o M3
B4 22 DB ERICBRIC S ERT 5. &
BIGEPRELL &, BEREORE 6T
FIE O I F SR T b EEV R S NEVEIC HGF
WEELE, BESh, ZOHGFIZZYF2 Y v,
N2 ) B L CHEEMMICER IS
(R 1-b). MHCEBICHR SR/ HGFO Y 7
TG EMERTORBL ZIITROEND v )
Il e fEf A0S, HGF OfEHEALE c-Met D E
WBHMERE L LTV 7 F VAL v FY c—Met @
HRUFREIIL>TEZLNTWA(R1-b, o).
F/o, BEIKGE L - Met DURERI Y 7+ L
Ay FI3EEI) o2 ¥ v - HGF EH Y
EMBE TR L {HIET 2 2 L IHERIZIWT
Wwh,

b. EBERBICLZEH

1R =B

SVER K, BYERRL, I, R &
TG EOEEEICHE L THGF D L XL
PEINT 5, o RAEFATIZEY LY
¥, AST, y-GTP, BUF 2 CTITMMIEEA >~
T w7 AL Vo I ERRERAE L OMBICL o T
HWoEpTHE, —FT, BUEFLTIE, il
DEWIZ L B c-MetKFR R HGF D2 ) 7 5
Y ADBERT & v BT b ) I HGE &
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/S AR tng/mds ng/mg)
EH 0.27%0.08"
T2 VHE 0.78
HE it 2.46+0.18(0.77 £4#) Rehman J % (2003)
BT 0.4540.23"
181745 0.407:0.16"
TN 1.050.64*
iR eiliR 1.06%1.45*
B FSMERR Y PR AT R 22 0.4440.22"
B 4% 16.40+14.67"
TP 78 R B2 AR 7 [ P el 0.33+0.04
it 7o o s vy BRoRE EAR | 2.012:0.99

R B 2

0.32%0.13(0.17+0.03) Kimura F & (2000)

[HERE TS

1.16+0.22 (p<0.01)

AT A M g% 0.9640.27 (p<0.01)
W AR 0.3440.002(p<<0.01)
BB ARA (B 0.55+£0.24
2 BRI P MR B % 0.4440.37
B RS (AR 33+0.1

& BB GBI 1 4R 0.33+0.13

| BB GEWR S E0 D 104R) 0.45%0.13

| BiERANE G 2.17+1.14

B SR ABRA AR R — 2.48-5.63

| BILE (WHO stage T)

0.48%0.03 (p<0.01)

TIOA =R
AEAF1AELLE, TARRYS

# | BME (WHO stage 11, 1D 0.88-0.1(p<<0.01)

gg By AL 0.35+0.11

" D 03401
B O EHTE (6 BRRI LAY 10.4£8.8
VLA ZE (6-12 IR/ 6745
B, RSN 0.63-+0.06
EESMERE 2.30%0.61
A ¥ R ENEIME 0.740.14
T R4 PR T (BS0E R4E D0 & 3 4F) 0.784-0.40
I RIESR B R (TR E 2 b e v) 0.86:20.42
BRI R B CERERLE)) 0.7940.27
25 M 5% 0.63+0.11
B2 #i 4% 0.5840.07
NEBEREGHL) 7% b —F 2R 0.79
ENE eI Fv h—F R 1.02
NI 1.38+0.11
Crohn #% 1.44740.08
HELLP # 58 1.79%0.35

2.2622.73(0.18%0.07)
0.460.26, 2.83+2.85

Shikano M & (2000)

W A | EH 0.23%0.09
O 5| s 0.7740.88 (p<0.001)
R AR T 0.50220.64 (p<0.001)
B as k=2 0.41:£0.61 (p<C0.05)
* | E#CFE72.0%) 9.60+4.62
M | Alzheimer 3% (39 78.7 &%) 33.7+18.47
BL | 171 Parkinson 3 (F3 78.5 #%) 20.23+13.55

2| Huntington 9% (P39 73.8 %)

36.15+11.98

() IERREEE, *! RIA(radioimmunoassay) {2 X % f#,

(RR—VIZD20)

"LAS D ELISAZ & A1E, * EMALAI HGF &, (LB
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(F2D0T&)
BE i WAl (ng/ml; ng/mg)
B 35-0.126(0.03420.012*%)
B | IR BB 0.42+0.07
ZE | FNEPEREIE 52 6.1045.20
Bl | AR R AR L AE 0.58
it | Alzheimer % 0.0610.017** Tsuboi Y & (2003)
bR 0.87+0.32 Namba R & (2004)
W 19.3£7.1(pg/mg creatinine™")
PR AR S0 (I8 IR 1) 6.9£0.7 (ng/g creatinine)
Sk R AT (TR 19.1%4.2 (ng/g creatinine)
B | IEH 0.820.1
| kR L B GENERR) 4.0%0.4 (p<0.05)
W k| LW 7.37+1.46(1.70£0.73"") Oshima M % (2004)
WA R 117.37£16.9(3.23+1.01%") Kakimoto K & (2004)
& % 0.19-0.29 11 Q 5 (1996)
S| BB (AN, AR 0.45~0.62
EH 2.16%=1.39
- "’”{LE A R B 2.0240.84
ks TR T A IR 3.941+2.29
i | IR 1.6
R YE S M EE OV R F — Y A —) 4.2(p<0.05)
S BT e M B O M R OV N — 2 A ) 7.2(p<<0.01)
B | BT B SR 0.19
B | MHEE PR 2 0.18
e 1) v YRR 5 1.21
i | IEH 6.1613.32(ng/mg)
iR R E 4.051+1.44 (ng/mg) (p<0.05)
RS (stage 1/1D) 0.47+0.13
I (stage TTI/IV) 0.88%1.05
BN (55T 1.51+1.62
T i (stage 1/1D) 0.32:+0.15
HJ\li (stage III/TV) 0.4970.46
59 Q55 0.44+0.29
TN S 1.06%1.45
I]F‘ﬂ‘l]ﬁ(m e 0.89
TG (fh e i 0.46
IR E g (stage 1/1D) 0.35+0.15
ﬁ’ﬁ I BT B4 (stage TI1/IV) 0.38-0.19
i Fek s T A (stage V) 0.50+0.25
F:é' FE T S (CER A 0.44+0.14
| A ORURE) 0.38:+0.31
?{L FLME (FRIEE) 0.5940.42
s | BILBRI (R L) 0.97
MR (s d 0) 212
AN A (SEE) 0.40+0.17
/J\f.eumanmrm (FRETE) 0.34%0.12
AN o (2 ) 0.4740.20
S BRI N 2.03(1.055)
%’7’}'&‘[& BT (stage 1) 1.43 Alexandrakis MG & (2003)
% TEVE A TG (stage ID) 1.74
% 5% B B (stage TI1) 1.99
Hodgkin % 1.40-20.09(0.67%0.03) Teofili L % (2001)
Hodgkin 7 171 {25 0.6240.03
Hodgkin 5 7 FE 1 1.50£0.24
1) > 730 (Hodgkin & BA7H) 1.02(0.69) Hsiao LT % (2003)
M| EHILE 0.11
AR 0.35
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PIEHRO 0L b, /220 &0 HGF
HFE A EDREERITH B FRIATE LT
D HGE I, PO T B L W FRO B
(BEDFH) % L% HGF 4% 1ng/ml % 18 2 72K
HTWL, BUNREZBBT AL LT
BETHALEEINT VA,

2) Bk E
AT, ME HGF I EH® 0 2-3 {5
WCERTSE o) bANEEARETIRIZEAY
PEERNC 2 o TW B DK LT, BEEre
TIRIEEAEDVAEEETH Y, BRIV L
AR, WK T HGFIRES LR LTBY o K
79 VIR T LTV A, BITOE, R
PITESS, BRAMEBRE RIS~ SY ¥ % Fl 734
HGF & OBFMEDZIC X DR O~ L
B & ARBRIE RS LT B HGE DS 3 7-
o, M HGFEY LR T 5. FLBHEE0&aN
HHEFOSTY, SIERRIC L 2B EIZL - T
HGF 294 S it HGF X R 275, 83
Mz b D RERHRIF R HGF A 23+ 5 5 %
ALY R LB HGF EAMET S h b
728, ZDORIEE LB ST H B,
3) KRB

% HGF ANV I ¢ & MBI 28 C il
AT THRIRERICISE L2 % T3S HGE
EIET, BET 405 LCRETIEIRETH
Y, I HGF fif & Mk F 131 % 20 5%
4) B &K B

JE 9 0 FEIE FE BRAMNZ 1 s HGF 13 1M CRP
EEFAEE, IL-61HL DA &M ST nDY
5) mEM4&RE
MEEETOHGF O IERIc Y Koy »
DYFDR N2, M1 HGEEIZH & bh e
. HGFIZIME W R AEEEN 2 Lo 2 &
b, BILEICBWTY, MiEHGFHEIZERLT
BY, DGHRE, HRBMEO W& Al
ANUEEEZ KL TWwWa, & 7R T,
TN — 2 I L) AERAMEE S WA Bt
GEE L CEILE, BIREILICORMNS Z LW
WA, Z OB HGF EIZHEIRE Th 3 0 iidd
5HEIMEE &6 LG ERL, BRIFC
BUILEIHEEBRNOBIICO LA, B

bRIw PR B ZEVE B IR RE AL (ASO), BATE VLN
T I HGF i BiEx =72 BHENE i
WAL T D2 Epn, HGF OMTEEILGE
WMRTIRTY, & FASO K9 5 HGF & EFR
RN NS T QT TR (= ARY: Y2y B
AE ST w5,

6) TIERE

Bt MR OB 12 B v T e e P S 7
TAHZOMEAR LT ) BESh-BEIch 2, L
7273 o TR UL IS HGF 512 SO X o < ue,
AN DIGEL T 5 &% 2 5N 5 MEMET
1%, HGFEIZREIEED 5 b IRGerE clas b L
RO U CHE M CEB T 5, fiZmik(a
SRAEILAE (ALS), &R 00K T 2 (B Ic B4
. HI|Z Alzheimer 3% TIEIEER HGF 32 4512
Mhds, 20L& HGF7 7 F~R—4% —[fiE
[K-F (HGF activator inhibitor) D JMPISSHAME T
THIENFESNTVEY, HGFIZZ L 0l
TETERR IR B O BRI B L2303 2 B )y 7
KRR T Tdh D ALS 7z EOWBIEIZ K X 7 26
VEEHNTWAS, T2 HGF BSHAZER % b
DEENPENERY, SBIEHAREEC
BULHCFEOWMEOEEL L EEZ LN,

7) D R B

% HGF 13820 T U Ze v ool L
BT By TRImE CK 3 X U8 CK-MB
i & RERFRIZHERE L OB E 2R, BRI HGRE
DIENNIMD 2F X 0 B L, Sl fEFRiEsk 3w
FELA OB E . 070 I HGE i1
LDHEOR~— - LTOEHEEL S
N5h. FEDOWIRE T in vivo TOHHINLIE
BHiR 35 & OV B Fr AR EVE O VR %2 HEER L
TBY, INSZERHEZFM L7 HGF D08
WAENOERINHE T & 59,

8) &

IEEHBRIC B W T RIS ML, NEME,
RIOUTr =V EOEEMBIZ I YV EESR
5 HGEZ, BAMICBCIE, Bl E &0
LELHBETZITRAE VA F— 2y v —T
T AHEL A SN A, A HGF fEI3# 4
RO T 5N D, 2 TRL
ZOTROFIZBNTH, B (L(ATF— YDk



