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Experience that nursing students get from the nursing
skills assessment practicum aiming to instill readiness
for acquiring nursing skills
-Report analysis done after the completion of a specified situation
assignment during the first year of college -

ICHIJO Akemi*, KANNARI Yoko*, MASUDA Yumiko™

Summary

The objectives of this study are to describe in detail what nursing students have learned and examine the progress of
readiness for acquiring nursing skills by analyzing the reports submitted by students at the completion of the specified
situation assignment in the nursing skills practicum.

Fifty-three first year nursing college students who gave written consent for participation were the subjects. Using the
reports submitted by the participants after the nursing skills practicum as data, we conducted a qualitative and descriptive
content analysis about learning situation, course assignment, future study method, and what they had noticed and learned
from the practicum.

Findings from the analysis showed that students had conducted preliminary study, such as ‘discussion among students,’
‘use of textbooks,” and ‘repeated practice.” Students regarded ‘thinking about patients,” ‘giving serious thought to purpose
and reason,” and ‘improving skills” as part of their practicum assignment. It was also found that students noticed or learned
about ‘lack of practice,” ‘insufficiency of skill acquisition,” ‘importance of evidence,” and ‘learning outcome.’ Pertaining
to future study method, students affirmed the necessity of ‘practice and discussion with other students,” ‘repeated practice,’
and ‘use of textbooks.” It is suggested that evaluating one’s learning outcome objectively, and considering what and how to

learn contributes to the readiness preparation.

nursing skills, situation of nursing skill acquisition, readiness, motivation, nursing students,

* Asahikawa Medical University, Department of Nursing
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Relation of a clinical nurse’s nursing practice and
moral development

SERITA Noriko™

Summary

In order to investigate the relationship between nursing practice and moral development among clinical
nurses, we conducted semi-structured interviews of six mid-level nurses using nursing examples with inherent
judgments and ethical problems from moral development stages utilizing the Japanese version of the Defining
Issues Test (DIT)—a questionnaire for measuring the development of moral judgment in adolescence.
The results of the interviews suggested there were two points of view, judgment from the standpoint of the nurse and
consideration toward the standpoint of the patient, as ways of perceiving the examples. The former were common
in the third stage of moral development, and the latter were common in the fourth stage. For the cases in the fourth
stage, there was an awareness of the ethical problems contained in the examples and a recognition of conflicts in
values, and we considered ethical nursing practice by seeking to understand the thinking of the patient as well
the basic responsibilities of the nurse, standards of nursing conduct, standards of a nurse’s ethical conduct, and
the goals of nursing, which are professional values, and ascertain and balance the values important to the patient.
Based on the above, it was indicated that the nursing practice of clinical nurses may have a relationship with moral

development.

Clinical nurse, Nursing practice, Moral development stage, Nursing ethics

* Asahikawa Medical University
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FLEXOR ACTIVITY BY INTRAMEDULLARY PRESSURE
IN RABBIT FEMORAL BONE:
An experimental study on thigh pain after total hip arthroplasty

ATSUTA Yuji, MD *
MATSUNO Takeo, MD *

NAKAMURA Toshiki, MD *, ** ITO Hiroshi, MD *
TANINO Hiromasa, MD *, ** NISHIMURA lkuya, PhD **

[ABSTRACT]

Thigh pain often appears after total hip arthroplasty (THA) using a cementless femoral component. It is known that
sensory nerve endings exist in the medullary cavity of the bone. The purpose of this study was to investigate, in a rabbit
model, whether the pressure on the femoral bone applied from inside the medullary cavity of the femoral bone causes flexion
withdrawal reflex.

We loaded pressure on the inside of the medullary cavity of the femoral bone and observed whether muscle activity
occurs. The pain resulting from pressure was evaluated by hind limb flexor activity produced by the flexor reflex. An
integrated waveform was used to evaluate the degree of muscle activity. For the laboratory-animal models, we prepared the
medullary cavity of the rabbits in two ways. In the rabbits with slight reaming, the flexor reflex appeared in low pressure.
However, in rabbits with greater reaming, the flexor reflex did not appear, even under high pressure. This suggests that the
pain was induced when the sensory nerve endings remained in the inside of the medullary cavity of the femoral bone and the

sensory nerve endings were stimulated by the stress.

cementless total hip arthroplasty, thigh pain, flexor reflex, rabbit femoral bone, intramedullary pressure

is often multifactorial and can be categorized generally

INTRODUCTION . . .
into factors related to micromotion at the bone-stem

Thigh pain often appears after total hip arthroplasty
(THA) using a cementless stem. The incidence of thigh pain
reported in the literature ranges from 1.9%-40.4% 12349,

Two potential mechanisms have been suggested: (1)
thigh pain arising from inadequate fit or fixation of the stem
within the femoral canal and (2) thigh pain arising from
excessive stress concentration in the femur due to change

in the femoral flexural and torsional rigidity caused by the

stem within the femoral canal ®. The etiology of thigh pain

interface, excessive stress transfer to the bone, prosthetic
stem characteristics, host bone morphology, and endosteal/
periosteal irritation. These factors are likely interrelated
and may stimulate the final common pain mediators, the
endosteum and periosteum .

Because the increase in flexural rigidity and bone stress
near the stem tip is thought to contribute to thigh pain "9,
we assumed that pressure inside the medullary cavity of

the bone near the stem is one factor responsible for thigh

* Department of Orthopaedic Surgery Asahikawa Medical College Asahikawa, Japan

** Graduate School of Information Science and Technology Hokkaido University Sapporo, Japan
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pain. It is thought that the stimulated area is the endosteum
or periosteum Y. However, it has not been experimentally
demonstrated that the pressure inside the medullary cavity
of the femoral bone causes the pain.

The purpose of this study was to investigate whether the
pressure on the femoral bone of a rabbit applied from inside
the medullary cavity of the femoral bone causes flexion

withdrawal reflex.

Materials and Methods

Ten Japanese white rabbits weighting approximately 3
kg were used for this study. The rabbits were anesthetized
with halothane. Tracheostomy was done to provide artificial
ventilation, and the head was fixed in a stereotaxic frame.
The cranial bone of the animal was partially removed and
suction decerebration was carried out; then, the spinal
cord was transected at the most rostral level of the cervical
cord and halothane anesthesia was terminated. Throughout
the experiments, body temperature was kept at 36 C with
a radiating heat lamp and heartbeat was monitored with
electrocardiography. All experiments were performed
under the guidelines for animal experiments stipulated at
our facility, and the procedures were the same as in our
previous study %

One hind limb and bilateral fore limbs were strapped
to the experimental table. The skin was incised along the
greater trochanter, the muscle was released from the greater
trochanter, and then the greater trochanter was resected.
A balloon catheter (8 Fr) was placed in the isthmus of the
cavity of the femoral bone.

Bipolar needle electrodes were placed in the muscle
bellies of the flexor of the hip and the knee, and the derived
muscle activities were observed by an electrodiagnostic
system (Counterpoint, Dantec Medical, Skovlunde,
Denmark), as in our previous study V. An integrated
waveform was used to evaluate the degree of muscle
activity. We confirmed the appearance of muscle activity
due to pain reflex from applying a stimulus to the hind
limb of the rabbits. After that, we applied pressure inside
the medullary cavity of the femoral bone and observed
whether muscle activity appeared. The pressure was applied

by expansion of the balloon using the injection syringe.
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Normal saline solution was used to load the pressure. The
load pressure was measured with a pressure sensor (PG-
10KU, Kyowa Electronic Instruments, Tokyo, Japan) and
recorded by personal computer (Fig. 1).

For the laboratory-animal models, we prepared the
medullary cavity of the rabbits in two ways; in Group A,
the medullary cavity of the femoral bone of the rabbit was
slightly reamed, the reaming was only as large as the size
that the balloon could enter (N=5), in Group B, reaming
was extensively done from the medullary cavity to cortical
bone of the femoral bone (N=5).

In Group A rabbits, we applied low pressure (~ 25
kPa) inside the medullary cavity of the femoral bone and
observed whether muscle activity appeared. In Group B
rabbits, at first, we applied low pressure (~ 25 kPa) inside
the medullary cavity of the femoral bone and observed
whether muscle activity appeared. Next, we applied
high pressure (~ 200 kPa) inside the medullary cavity of
the femoral bone and observed whether muscle activity
appeared.

Statistical evaluation of the difference between the two
groups was performed using Fisher’s exact test for a two by

two contingency table.

RESULTS

Before applying the pressure inside the medullary cavity

Pressure from
the inside of
the femur

Detection of X Pressure
myoelectric Amplifier sensor
signal
Electrodiagnostic A/D
system converter

Fig. 1 Pressure was applied by expansion of the balloon
by using the injection syringe. Normal saline
solution was used to load the pressure. The load
pressure was measured with a pressure sensor.
The derived muscle activities were observed by an
electrodiagnostic system. Both the pressure and the

muscle activities were recorded.
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of the femoral bone, we confirmed that the rabbits were
fully recovered from anesthesia, by observing that hind
limb muscle contraction was elicited by the pinch test.
Before applying a stimulus to the hind limb of the rabbits,
stable slight spontaneous electromyogram activities were
observed. When we applied the stimulus to the hind limb
of the rabbits, the flexor reflex appeared, and the flexor
electromyogram activities increased. After recovering to the
original stable slight spontaneous electromyogram activities
again, we applied the pressure inside the medullary cavity
of the femoral bone.

In all Group A rabbits, the flexor electromyogram
activities appeared with low pressure (~ 25 kPa) (Fig. 2).
As soon as the pressure was increased to 25 kPa, the flexor
electromyogram activities increased. However, the flexor
electromyogram activities decreased gradually, although
the pressure was kept for about 30 seconds (Fig. 2). After
the pressure was decreased to zero and after a brief interval,
the flexor electromyogram activities recovered to the
original stable slight spontaneous electromyogram activities
again (not shown in Figure). The relation between the
applied pressure and the flexor electromyogram activities
was similar in all five Group A rabbits. After the flexor
electromyogram activities recovered to the stable slight
spontaneous electromyogram activities, a similar low
pressure was repeated in each rabbit from Group A and we
observed similar flexor electromyogram activities. In some

cases, the flexor electromyogram activities appeared with

pressure
(kPa)

<— Pressure

Flexor activity of the knee

)

Flexor activity of the hip

time (sec)
Fig. 2 In Group A rabbits, the flexor reflex appeared with
low pressure (~ 25 kPa).
Heavy line: Pressure
Thin dark line: Flexor activity of the hip
Thin light line: Flexor activity of the knee
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the pressure of approximately 15 kPa. We confirmed the
same results more than three times in each rabbit. Because
we observed the flexor electromyogram activities with low
pressure in Group A, we did not apply high pressure.

In Group B, we did not observe the flexor
electromyogram activities with low pressure. Even though
high pressure (~ 200 kPa) was applied for about 1 minute,
we did not observe a significant change in the flexor
electromyogram activities. A representative example from
Group B with high pressure is shown in Figure 3. The
same results were observed in all five Group B rabbits. We
observed the same results more than three times in each
rabbit.

Throughout all the experiments, body temperature and
heartbeat were kept constant.

Under low pressure, the appearance ratio of the flexor
reflex in Group A was significantly greater than that in
Group B, as determined using Fisher’s exact test for a two

by two contingency table, P = 0.00794.

DISCUSSION

In this study, we experimentally demonstrated for the
first time that the pressure on the femoral bone of a rabbit
applied from inside the medullary cavity of the femoral
bone caused flexion withdrawal reflex. It is known that
somatic sensory nerves are distributed in the bone, and that
sensory nerve endings exist in the medullary cavity of bone

12 Our results suggest that the sensory nerve ending of the

pressure
(kPa) Flexor activity of the hip

Flexor activity

Pressure
- of the knee

time (sec)
Fig. 3 In Group B rabbits the flexor reflex did not appear,
even under high pressure (~ 200 kPa).
Heavy line: Pressure
Thin dark line: Flexor activity of the hip
Thin light line: Flexor activity of the knee
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medullary cavity of the femoral bone is a factor of thigh
pain.

The incidence of thigh pain using the cementless
stem is more frequent than that of the cemented stem.
The difference of fixation is thought to be a reason for
difference of incidence. Maloney et al. reported that 96%
of the patients who had cemented stem reported no or
slight pain postoperatively, whereas 24% of the patients
who had cementless stem reported mild to severe pain 2.
However, some patients with obviously loosened cemented
stems do not experience pain '¥. As another reason for the
different incidence of thigh pain, we suspect the effects of
the heat from cement. Huiskes calculated a necrotic map for
the hip and concluded that a larger layer of bone became
necrotic in areas adjacent to a concave cement surface 1%,
We hypothesize that sensory nerve endings that exist in the
medullary cavity of bone become necrotic by the heat from
cement, and this may be one reason for the less frequent
incidence of thigh pain with cemented stem.

According to Seike, the rate of sensory nerve impulses
from the medullary branch of tibial nerves increases
proportionally to intraosseous pressure in the range from
13.3 to 17.3 kPa, in the tibia of dogs *®. However, the
increase of the rate of sensory nerve impulses may not
mean that pain occurs. In its classic form, the flexor reflex
is elicited most powerfully by stimulation of pain endings
) In this study, we observed flexor reflex associated with
pressure. This suggests that the pain occurred as a result of
pressure. In this study, we observed the flexor reflex with
a low pressure of approximately 25 kPa. This pressure
of approximately 25 kPa does not indicate a threshold
value. In this experiment, the muscle activities appeared
with pressure of approximately 15 kPa in some cases. The
pressure that caused the flexor reflex is a low pressure as in
a report from Seike.

The bone-stem interface stresses are about 10 MPa
when a load of 3000 N is applied to the head of the stem®®.
Therefore, we thought that a low pressure of about 25 kPa
might be loaded on the femoral bone from the stem. If the
sensory nerve endings exist in the medullary cavity of the
femoral bone (between the stem and cortical bone) after

THA, thigh pain may occur in all cases. This is clinically
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contradictory. We assumed that, during reaming of the
medullary cavity, most sensory nerve endings are removed
because they are very soft. However, if the sensory nerve
endings remain or are regenerated inside the medullary
cavity of the femoral bone, pain will be caused.

It has been suggested that thigh pain arises from
inadequate fit or fixation of the stem within the
femoral canal. Engh et al. reported that in patients with
radiographically stable stems, a potential source of thigh
pain might be micromotion of the tip of the stem®. The
incidence of thigh pain in stems that are stable by fibrous
fixation ranges from 28% to 34%, whereas stems of similar
design that are stable with bony ingrowth have an incidence
of approximately 8% to 10%*??. Whiteside reported that
53% of the patients with a loose distal fit had pain one year
postoperatively, whereas 3% of those with a tight distal fit
had pain one year postoperatively®. Campbell et al. reported
that thigh pain correlated with femoral stem subsidence
greater than 2 mm and distal periosteal reaction?. This
suggests that stem instability seems to be a factor for thigh
pain?. The coupling between bone and the cementless
stem is achieved through contact stresses between the two,
and the contact regions change under load. Because these
contact regions are three-dimensional, and wrap around
the implant, the contact stresses change substantially
while walking and during stair climbing ?Y. Viceconti et
al. reported that the peak shear stress ranged between 2
and 170 MPa when micromotion of the stem occurred
22 \When loosening and micromotion occurs in the stem,
pain might be caused by the the following mechanism: the
sensory nerve endings remained or were regenerated inside
the medullary cavity of the femoral bone near the stem (no
stress and no pain), next, the contact regions changed under
load and the sensory nerve endings came in contact with the
stem, and the sensory nerve endings were stimulated by the
stress from loosening and micromotion.

Huiskes reported that subsidence of the stem was not
associated with thigh pain'®. In addition, Barrack et al.
reported six patients with thigh pain who were found to
have rigid fixation and histological proof of good bone
ingrowth?®. It has been suggested that excessive stress

concentration is a factor for thigh pain. This excessive
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stress concentration is caused by changes in the femoral
flexural and torsional rigidity caused by the stem within
the femoral canal®. The structural rigidity of a particular
stem is determined by the choice of stem material, stem
geometry, and the stem diameter required for rigid fixation.
The differences between the stiffness of femoral bone
mechanical properties (ie, Young’s modulus of bone
elasticity = 12 GPa) and the material qualities of stems
(Ti-6Al-4V = 117 GPa, cobalt-chronium = 210 GPa) may
contribute to thigh pain®. Namba et al. observed reduced
stress concentration around the stem tip with the titanium
stem compared with the cobalt chrome stem, in their
Finite Element analysis®. Skinner and Curlin described
the flexural rigidity of the stem relative to the bone "%, In
their study of 101 hips, there was a trend toward less thigh
pain with more flexible stems. Vresilovic et al. reported
that thigh pain was significantly (P = 0.014) influenced by
stem size in their series of 297 hips with a 12% incidence
of symptoms at 1 year®. Arkibeck et al. reported that
thigh pain was related to a larger stem size (p = 0.06) in
their series of 78 hips with a 9% incidence of symptoms
at a mean of ten years®®. Lavernia et al. reported that
patients receiving larger versus smaller stems irrespective
of material composition were more likely to report thigh
pain at 1 year and 2 years postoperatively; however, this
difference was not statistically significant?”. The general
trend indicated increasing incidence of thigh pain as stem
size increased.

In this experiment, the excessive stress was not
replicated. We applied pressure of 200 kPa that was
approximately one fiftieth of the excessive stress. After
this experiment, we applied excessive stress to the cortical
bone from inside the medullary cavity of the femoral bone,
but the flexor reflex did not appear before fracture. So, we
could not determine the reaction from the sensory nerve
endings when thigh pain occurs from excessive stress.
When thigh pain occurs from excessive stress, it may be
the reaction from periosteal sensory nerve endings or other
parts on the outside of the femoral bone, without endosteal
involvement.

Domb et al. reported on the use of strut cortical

allografting for the treatment of recalcitrant enigmatic thigh

132~ 37, 2012

pain following THA patients with a well-fixed cemented
or cementless stem®. The cortical struts were placed on the
lateral cortex based at the stem tip corresponding to where
the patients experienced their thigh pain in all case. While
proof of the periosteum as the pain modulator is lacking,
clinical reports of treatment of thigh pain with cortical strut
grafting may be successful in part by the denervation of
the periosteum during the exposure and graft placement
9. We propose that the use of strut cortical allografting
is an ideal treatment based on two reasons. (1) With the
use of strut cortical allografting, the flexural rigidity of
the femoral bone increases at the stem tip and excessive
stress concentration in the femoral bone is reduced. (2)
Denervation of the sensory nerves around the femoral bone
may occur during operation.

The limitation of this experiment is that loading
conditions did not simulate change in the pressure during
walking. Because we wanted to observe the reaction from
the sensory nerve endings inside the medullary cavity of
the femoral bone by the direct irritation, we applied the
pressure only once.

We suggest that the sensory nerve endings of the
medullary cavity of the femoral bone are involved in thigh
pain, based on the observation of the reaction from the
sensory nerve endings inside the medullary cavity of the
femoral bone. However, the reaction from the sensory
nerve endings of other areas was not evaluated in this study.
Thigh pain also may be the reaction from the sensory nerve
endings of other regions. The mechanisms proposed from
this study are likely to be one of many factors responsible

for thigh pain.
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Introduction

Hyperalgesia is one of the symptoms of diabetic
neuropathy, particularly in the early stages of diabetic
neuropathy®. Substance P (SP) binds to the neurokininl
(NK1) receptor with high affinity. Therefore, NK1
receptors are believed to be the primary target of SP that
is released from neurons during neural transmission. SP
activation of NK1 receptors in the spinal cord results in
thermal and mechanical hyperalgesia®?. The increase in
SP binding is paralleled by an increase in NK1 receptor
immunoreactivity in spinal neurons in the dorsal horn® and

an increase in the mRNA content of the NK1 receptor in the

dorsal spinal cord*®. Systemic administration of a selective
NK1 receptor antagonist attenuates the diabetes-induced
mechanical hypersensitivity, which is mediated by central
NK1 receptors in the rat®; this suggests that the central
NK1 receptor may play an important role in diabetes-
induced hyperalgesia.

The promoter region of the gene encoding the NK1
receptor contains a cyclic AMP (CAMP)-responsive element
(CREB)”. Phosphorylation of CREB results in NK1
receptor gene expression. CAMP regulates NK1 receptor
expression by phosphorylation of CREB through the
activation of protein kinase A (PKA)®. Calcitonin gene-

related peptide (CGRP) regulates NK1 receptor expression

NERIASY:  PIRHEMIE AR CAPIRL
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by elevation of intracellular cAMP, resulting in CREB
phosphorylation®. The appearance of phosphorylated CREB
in the nuclei of dorsal horn neurons blocked the N-methyl-
D-aspartate (NMDA) receptor'?. The activation of NMDA
receptors by excitatory amino acids results in elevation of
intracellular Ca**. CREB can also be phosphorylated by a
Ca**/calmodulin-dependent protein kinase V. Thus, second
messenger pathways that increase intracellular Ca?* levels
as well as cAMP may contribute to increased NK1 receptor
expression in the spinal cord through an increase in the
mRNA levels of the NK1 receptor.

In the diabetic state, unchecked superoxide accumulation
and its resultant increases are induced as follows: increased
polyol pathway activity leads to sorbitol and fructose
accumulation, NAD(P)H-redox reaction is imbalanced,
and changes occur in signal transduction, nonenzymatic
glycation of proteins yields advanced glycation of end
products, activation of protein kinase C (PKC) inhibits
a cascade of stress responses, increased hexosamine
pathway flux, and hyperglycemia-mediated superoxide
overproduction by mitochondrial electron transport chain
1219 " Oxidative stress is the result of an imbalance between
reactive oxygen species (ROS) and antioxidants such as
superoxide dismutase, catalase, glutathione, vitamin C, and

E'> 1) Therefore, increased oxidative stress, which

vitamin
contributes to the pathogenesis of diabetic complications,
is the consequence of either enhanced ROS production or
attenuated ROS-scavenging capacity that results in tissue
damage’?. Oxidative stress induces gene expression, cell
proliferation, cell apoptosis, lipid peroxidation, reduction of
Na-K-ATPase, and mitochondrial dysfunction **.
Hyperalgesia induced by diabetes in rats is attenuated by
the administration of selective NK1 receptor antagonists®,
and other studies have shown that NK1 receptor antagonists
can also prevent the development of inflammation-induced
thermal and mechanical hyperalgesia”*®. However, the
relationship between glucose and NKZ1 receptor expression
has not been reported. We investigated the hypothesis
that in the diabetic state, high glucose directly induces
NK1 receptor expression in the rat spinal cord cells.
Furthermore, we examined the reasons for NK1 receptor

overexpression, taking into account diabetes-induced
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hyperglycemia and hyperglycemia-induced dysfunction of

cellular metabolism.

Methods

Cell culture

Primary cultures of neonatal rat spinal cords were
prepared as described previously'®. Spinal cord segments
from 1- to 2-day-old neonatal Wistar rats were dissected,
fragmented, and dissociated by treatment with 0.25%
trypsin in a calcium- and magnesium-free balanced salt
solution for 15 min at 37°C. Trypsination was terminated
by the addition of fetal bovine serum (FBS). The
dissociated cells were centrifuged at 100 xg for 10 min
and resuspended in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 20% FBS and antibiotics (50
U/ml penicillin and 50 pg/ml streptomycin) by repetitive
trituration. The cells were centrifuged at 100 xg for 10 min
again and resuspended in the culture medium (DMEM with
20% FBS and antibiotics; 20 ml for approximately 16 spinal
cords). The cells were counted, and the cell suspension was
diluted to a final concentration of 1.5 x 108 cells/ml.

Ten milliliters of the cell suspension was pipetted into
100-mm diameter Falcon Petri dishes and incubated at 37°C
in a 5% CO, humidified atmosphere for the time required
for maximum attachment of non-neuronal cells. The most
enriched neuronal preparation was obtained after 3 h of
preplating.

The enriched neuronal cell suspension was centrifuged at
100 xg for 10 min. Cells were resuspended in the culture
medium (DMEM with 20% FBS and antibiotics; 20 ml
for approximately 16 spinal cords), counted, and plated
at a density of 10° cells per 35-mm poly-L-lysine-coated
dish. After 2 h, the cultures were transferred to serum-free
medium containing N2 supplement (10 pl/ml, GIBCO),
fibronectin (10 pl/ml, GIBCO), bFGF (5 ng/ml, Invitrogen),
and antibiotics. The cultures were incubated at 37°C in a 5%

CO, humidified atmosphere for § days.

Immunohistochemistry

After culturing for 8 days, the cells were fixed by
immersion in 4% paraformaldehyde in 0.15 M phosphate
buffered saline (PBS) (pH 7.3, 4°C) for 20 min. The dishes
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were then rinsed 3 times with 0.15 M PBS (pH 7.3) for 5
min each. Normal goat serum (5%) in 0.15 M PBS along
with 1% bovine serum albumin (BSA) and 0.5% Tween
20 (pH 7.3, washing buffer) was spotted on the dishes, and
these were placed in a humidified box for 30 min at room
temperature. The specimens were then incubated overnight
at 4°C with a primary antibody containing polyclonal rabbit
anti-protein gene product (PGP) 9.5 (1:1000 dilution, N.B.
Ultraclone) diluted in 0.15 M PBS with 0.1% BSA and 0.1%
Tween 20 (pH 7.3, incubation buffer). The specimens were
rinsed 3 times in the washing buffer, followed by incubation
with fluorescein-conjugated affinity-purified goat antibody
to rabbit 1gG diluted at 1:500 (ICN Pharmaceuticals) in
the incubation buffer and treatment with the avidin-biotin
complex for 30 min at room temperature. The cells were

observed by optical and fluorescence microscopy.

RT-PCR analysis

PCR primers were designed as follows: NK1 receptor
(665 bp) sense 5 -CTG CTG GAT AAA CTT CTT CAG
GTA-3’ , antisense 5" -AGG ACA GTG ACG AAC TAT
TTT CTG-3" ; CGRP (318 bp) sense 5" -AAG TTC TCC
CCT TTC CTG GT-3 ', antisense 5 ' -GGT GGG CAC
AAA GTT GTC CT-3 ; GAPDH (532 bp) sense 5" -GGG
TGG TGC CAA AAG GGT C-3', antisense 5" -GGA GTT
GCT GTT GAA GTC ACA-3" . Total RNA was extracted
from the dishes using the RNeasy Mini Kit (QIAGEN).
To prevent DNA contamination, the DNA was digested
on a column using the RNase-Free DNase (QIAGEN).
The RNA concentration was determined by measuring
the absorbance at 260 nm (A260) in an ND-1000 (Nano
Drop). One microgram of RNA was diluted in 20 pl of
nuclease-free water. The mRNA was reverse transcribed to
cDNA by using the TaKaRa RT-PCR Kit according to the
manufacturer’s instructions.

The resulting cDNA was amplified by PCR using the
NK1 receptor primer pairs listed above. The solution
was gently mixed, briefly centrifuged, and amplified by
a thermal cycler. The PCR conditions for amplifying the
NK1 receptor were as follows: 94°C for 5 min and 32
cycles at 94°C for 1 min, 58°C for 1 min, and 72°C for 1

min. The reaction products (10 ul) were then analyzed by
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electrophoresis in a 1.5% agarose gel containing 0.05 pl/
ml ethidium bromide. The cDNAs for CGRP and GAPDH
were amplified by PCR in an identical manner. The PCR
conditions were as follows: CGRP 94°C for 5 min and 40
cycles at 94°C for 30 s, 58°C for 30 s, and 72°C for 45 s;
GAPDH 94°C for 5 min and 22 cycles at 94°C for 1 min,
58°C for 1 min, and 72°C for 1 min.

Western blot analysis

Cells that had been cultured for 8 days were mixed with
1% sodium dodecylsulfate (SDS) sample loading buffer.
Protein concentrations of the samples were measured and
calculated using the BCA Protein Assay Kit (Pierce).
Estimations were made based on the absorbance at 562 nm.
The final concentration of the sample protein was adjusted
to 1 mg/ml. Aliquots of the crude lysate containing 40
pg of protein were mixed with 2x SDS sample buffer,
heated to 95°C for 10 min, and then electrophoresed
on a 10% Bis Tris gel (Invitrogen). The proteins were
transferred to a nitrocellulose membrane. After blocking
with 5% non-fat dry milk in PBS-Tween 20 (PBST; 0.05%
Tween 20 in PBS) for 1 h, the membrane was incubated
overnight with anti-NK1 receptor (anti-NK-1R, rabbit
polyclonal antibody, 1:2000, Santa Cruz Biotechnology)
or anti- f -actin (Monoclonal Anti- f -Actin Clone AC-
74, SIGMA). It was then washed 3 times with PBS for
15 min each and incubated for 1 h at room temperature
with peroxidase-labeled anti-rabbit antibody (1:2000,
Amersham Biosciences) or ECL peroxidase-labeled anti-
mouse antibody (1:2000, Amersham Biosciences) in 5%
non-fat dry milk. The membranes were washed 3 times
with PBS for 15 min each. Antigen-antibody complexes
were visualized using ECL Western Blotting Detection
Reagents (Amersham Biosciences); the membranes were
then analyzed using a luminescent image analyzer (LAS-
3000, FUJIFILM).

Measurement of cAMP

Cells were incubated for 8 days. The medium was
aspirated from the plate, and the cells were treated with
1 ml of 0.1 M HCI, following which they were incubated

for 20 min. The cells were scraped with a cell scraper,



JEJNERFRFEGE 7 + — T 4 13

and the mixture was dissociated by pipetting up and down.
Subsequently, they were centrifuged at 1000 xg for 10
min. The supernatant was decanted into a clean test tube.
The cAMP assay was performed using a sensitive protein
binding EIA kit (Cayman Chemicals).

Dihydroethidium staining

The oxidative fluorescent dye dihydroethidium was
used to evaluate the intracellular production of superoxide.
Dihydroethidium is a cell-permeable dye that reacts with
superoxide ions to form ethidium; this in turn intercalates in
the DNA and provides nuclear fluorescence at an excitation
wavelength of 520 nm and an emission wavelength of
610 nm. The cells were incubated at 37°C in phenol red-
free Hanks medium containing dihydroethidium (10 pmol/
[). After 15 min, the cells were rinsed in phenol red-free
Hanks medium, and images were obtained by fluorescence
microscopy. Fluorescence was detected with a 585-nm

long-pass filter.

Data analysis

Data were expressed as mean=SE of multiple
experiments. Student’s t-test was used to compare between
the 2 groups, and ANOVA (Scheffe’s F test) was used
to compare among more than 3 groups for multiple
comparisons. P values < 0.05 were considered statistically

significant.

Results

Isolated cells from the spinal cord of neonatal rats were
incubated for 8 days; the cells were then stained with PGP
9.5, an antigen specific for neuronal cells. The cells were
observed using both optical and fluorescent microscopes
(Figures 1a, 1b). To examine the proportion of neuronal
cells, we counted all cells and PGP 9.5-immunopositive
cells in the same 20 fields. Approximately 85% of total
cells were stained with PGP 9.5, and these neuronal cells
were used for the following experiments.

NK1 receptor expression was significantly increased
in cells cultured in high glucose than in low glucose. We
evaluated whether high glucose could induce NK1 receptor

expression in cultured spinal cord cells. Cells were treated
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with either low glucose (5.6 mmol/l) or high glucose (25
mmol/l) for 8 days. The RNA extracted from these cells
was subjected to relative RT-PCR analyses using GAPDH
as the internal control. The results show that high glucose
treatment (1.235 £ 0.209, n = 18) increased NK1 receptor
expression to a greater extent than low glucose treatment
(0.821 + 0.220, n = 18) (Figures 2a, 2b). NK1 receptor
expression increased in a time-dependent manner (data not
shown). A few NK1 receptors were observed in cells at 2
h after the initial incubation, and their numbers gradually

increased in a time-dependent manner. We prepared culture
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Figure 1b

Figure 1 mmunohistochemistry using PGP 9.5, an
antigen specific for neuronal cells. Figure 1a shows
the image obtained by an optical microscope, and
Figure 1b shows the image obtained by a fluorescent
microscope. Neuronal cells stained with PGP 9.5 are
visualized in green. Approximately, 85% of total cells
were stained with PGP 9.5. Photographs are at 400x

magnification.
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media containing 5.6 mmol/l, 15.2 mmol/l, 25 mmol/l, and
34.7 mmol/l D-glucose. A significant increase in NK1
receptor expression was observed in cells cultured in 25 and
34.7 mmol/l glucose (Figure 2c).

The increase in NK1 receptor expression due to high
glucose was not due to osmotic pressure. The possibility
that osmotic pressure increased NK1 receptor expression

was excluded by using L-glucose (which is not metabolized
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Figure 2 NK1 receptor expression was significantly
greater in cells cultured in high glucose than in those
cultured in low glucose (a,b). Data are means + SE.
Densitometric quantification of the corresponding
bands was performed using the NIH image software.
*p < 0.01 vs. low glucose group (n = 18). NK1
receptor expression was increased in a concentration-
dependent manner (¢). *p < 0.05 vs. 5.6 mmol/
| glucose concentration group (n = 6). Increase in
NKZ1 receptor expression due to high glucose was not
due to osmotic pressure (d). *p < 0.05 vs. 5.6 mmol/
I glucose concentration group (n = 6). **p < 0.05 vs.

25 mmol/I glucose concentration group (n = 6).
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in cells but has osmotic activity). We prepared culture
media containing 5.6 mmol/l D-glucose, 25 mmol/
| D-glucose, and 5.6 mmol/l D-glucose + 19.4 mmol/
I L-glucose. The cells were cultured in each medium for
8 days. The group cultured in 25 mmol/lI D-glucose or in
5.6 mmol/l D-glucose + 19.4 mmol/l L-glucose had the
same osmotic pressure. NKI1 receptor expression was
significantly increased in the group cultured in 25 mmol/
| D-glucose (0.610 + 0.133, n = 6), but not in 5.6 mmol/
I D-glucose + 19.4 mmol/l L-glucose (0.385 + 0.162, n =
6) (Figure 2d); this suggests that osmotic pressure does not
affect NK1 receptor expression.

We examined NK1 receptor expression by Western
blotting. Figures 3a and 3b show that in a protein assay,

NK1 receptor expression was increased in high glucose;
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Figure 3 The bands obtained by Western blot analysis of
cells treated with high and low glucose concentrations
are shown in (a). In a protein assay, NK1 receptor
expression was significantly greater in cells cultured in
high glucose than in those cultured in low glucose (b).

*p < 0.05 vs. low glucose group (n = 6).
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this indicates that NK1 receptor expression was increased

in cells treated with high glucose.

Treatment of cultures with dibutyryl-cAMP (dbcAMP)
resulted in an increase in NK1 receptor expression. Cells
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Figure 4 dbcAMP induced the increase in NK1 receptor
expression in cells treated with high and low glucose.
This increase in NK1 receptor expression occurred in
a concentration-dependent manner (a). *p < 0.01 vs.
untreated low glucose group (n = 6). **p < 0.01 vs.
untreated high glucose group (n = 6). Tp < 0.01 vs.
low glucose group treated with 10 mM dbcAMP (n
= 6). CGRP expression was significantly greater in
cells cultured in high glucose than in those cultured in
low glucose (b). *p < 0.01 vs. low glucose group (n
= 12). Intracellular cAMP in cells was not changed
by the glucose concentration (c). The increase in
NK1 receptor expression due to the high glucose
concentration was not suppressed by treatment with
CGRP8-37 (d). *p < 0.05 vs. untreated low glucose
group (n = 6).
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treated with dbcAMP for 4 h exhibited increased NK1
receptor expression in a concentration-dependent manner.
Although this increase was observed in cells treated
with high and low glucose, the increase in NK1 receptor
expression was significantly greater in cells treated with
high glucose than in those treated with low glucose at any
dbcAMP concentration. In cultures with high glucose, the
increase in NK1 receptor expression after treatment with
1 mM and 10 mM dbcAMP was 155% and 233% that of
the nontreated control. In cultures with low glucose, this
increase after treatment with 1 mM and 10 mM dbcAMP
was 212% and 248% that of the nontreated control (Figure
4a). After treatment with 10 mmol/l dbcAMP, a greater
increase in NK1 receptor expression was observed in the
high-glucose culture than in the low-glucose culture. In
our experiments, NK1 receptor expression in cell culture
was further increased by the presence of high glucose after
treatment with dbcAMP in a concentration-dependent
manner.

Although a greater increase in CGRP was observed in
cells cultured in high glucose than in those cultured in low
glucose, cAMP was not increased in the cultured cells.
We measured CGRP gene expression using RT-PCR, and
it had increased in cells cultured in high glucose (Figure
4b). Since an increase in CGRP induces an increase
in intracellular cAMP in the cell, which results in NK1
receptor expression, we measured intracellular cAMP using
ELISA. The intracellular cAMP amount was not increased
in cells cultured in high glucose (Figure 4c). To exclude the
possibility that the increase in intracellular CGRP induced
NKZ1 receptor expression, we measured NK1 receptor
expression by RT-PCR using a CGRP receptor antagonist
(CGRPg3;). The increase in NK1 receptor expression due
to high glucose was not suppressed by CGRPg_ 3, treatment
(Figure 4d).

The increase in NK1 receptor expression due to high
glucose was suppressed by antioxidant treatment. To
examine the reasons for the increase in NK1 receptor
expression, we prepared a culture medium containing a
PKA inhibitor (protein kinase A inhibitor 14-22 amide,
10 pumol/l), a PKC inhibitor (staurosporine, 1 umol/l),
an antioxidant (a-lipoic acid (a-LA), 500 pumol/l), and
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an aldose reductase inhibitor (ARI, epalrestat, 1 umol/l).
The cells were incubated for 7 days and then transferred
to a medium containing each inhibitor, following which
incubation was carried out for 24 h. The RNA extracted
from these cells was subjected to relative RT-PCR analyses

using GAPDH as the internal control. The increase in
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Figure 5 The increase in NK1 receptor expression due
to the high glucose concentration was suppressed
by treatment with a-LA (a). We prepared a culture
medium containing a PKA inhibitor (protein kinase
A inhibitor 14-22 amide, 10 pmol/l), a PKC inhibitor
(staurosporine, 1 pumol/l), an antioxidant (a-LA,
500 pmol/l), and an aldose reductase inhibitor (ARI,
epalrestat, 1 umol/l). The cells were incubated for
7 days and then transferred to a medium containing
each inhibitor and were further incubated for 24 h. *p
< 0.05 vs. low glucose group (n = 6). **p < 0.05 vs.
untreated high glucose group (n = 6). NK1 receptor
expression was suppressed in an a-LA concentration-
dependent manner (b). *p < 0.05 vs. low glucose
group (n = 6). Tp < 0.05 vs. nontreated high glucose
group (n = 6). The bands observed in Western blot
analysis of cells treated with high glucose, low
glucose, and high glucose with 500 pM a-LA are

shown in (c).

238~ 49, 2012

NKZ1 receptor expression was suppressed by a-LA (Figure
5a). This suppression of NK1 receptor expression was
observed to occur in an a-LA concentration-dependent
manner (Figure 5b). In a protein assay, the increase in NK1
receptor expression was suppressed by treatment with a-LA
(Figure 5c). The increase in NK1 receptor expression was
not suppressed by other inhibitors. This result suggests that
the increase in NK1 receptor expression was suppressed by
an antioxidant.

Oxidative stress was caused by overproduction of
ROS by the mitochondrial electron transport chain. To
investigate the productivity of ROS in cultured cells,
we prepared a culture medium containing the following
inhibitors: NADPH oxidase inhibitor (apocynin, 30 pumol/
1), glutamine fructose-6-phosphate amidotransferase
inhibitor (azaserine, 5 umol/l), and mitochondrial complex
Il inhibitor that blocks mitochondrial superoxide production
(TTFA, 10 pmol/l). After incubating the cells for 7 days,
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Figure 6 We prepared a culture medium containing
the following inhibitors: NADPH oxidase inhibitor
(apocynin, 30 umol/l), glutamine fructose-6-phosphate
amidotransferase inhibitor (azaserine, 5 pmol/
1), mitochondrial complex Il inhibitor that blocks
mitochondrial superoxide production (TTFA, 10 pmol/
1), and a-LA, 500 umol/l. The cells were incubated
for 7 days and then transferred to a medium containing
each inhibitor and were further incubated for 24 h. *p
< 0.01 vs. low glucose group (n = 6). tp < 0.01 vs.
untreated high glucose group (n = 6).
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the culture was transferred to a medium containing each
inhibitor, and the cells were further incubated for 24 h. The
RNA extracted from these cells was subjected to relative
RT-PCR analyses using GAPDH as the internal control.
The increase in NK1 receptor expression was suppressed
by treatment with TTFA and a -LA (Figure 6); however, it
was not suppressed by other inhibitors. This result suggests
that the elevated intracellular oxidative stress was due to
activation of the mitochondrial electron transport chain.
Oxidative stress was increased in cells cultured in
high glucose, and this increase was suppressed by a-LA
treatment. Using dihydroethidium staining, we determined
the oxidative stress in cells cultured in high glucose with
or without a-LA treatment. Dihydroethidium staining
increased in cells cultured in high glucose, whereas those

cultured in low glucose showed low staining levels. The

Figure 7 Detection of superoxide production by
dihydroethidium staining in cultured cells.
Representative results of dihydroethidium staining
are shown for cells treated with low glucose (a), high
glucose (b), high glucose with 10 uM a-LA (c), high
glucose with 100 uM a-LA (d), and high glucose
with 1000 uM a-LA (e). Photographs are at 100x

magnification.

138 ~49, 2012

cells cultured in high glucose with a-LA treatment (1000
pmol/l) showed levels of dihydroethidium staining that
were almost similar to those observed in the low-glucose
culture (Figure 7); this suggests that the oxidative stress

induced by high glucose was suppressed by a-LA.

Discussion

These studies provide evidence that glucose regulates
NK1 receptor expression in neonatal rat spinal cord. The
increase in NK1 receptor expression is not due to osmotic
pressure. Since this increase is suppressed by antioxidants,
the increase in NK1 receptor expression may be caused
by an increase in intracellular oxidative stress. In our
study, the increase in intracellular ROS induced by glucose
was derived from the activation of the mitochondrial
electron transport chain. We showed that cells cultured
under high glucose condition undergo excessive oxidative
stress, and this increase in oxidative stress is suppressed
by antioxidants. Considering these results, we speculate
that high glucose concentration increases NK1 receptor
expression through an excessive intracellular oxidative
stress. Although our studies do not exclude the possibility
that high glucose or oxidative stress inhibits the degradation
of mRNA, we showed that in a protein assay, the increase in
NKZ1 receptor expression is observed in cells cultured under
high glucose condition; this suggests that NK1 receptor
gene expression and the consequent production of NK1
receptor proteins certainly exist. NKZ1 receptor expression
is regulated by cAMP®, activation of the CGRP receptor®,
intracellular Ca?* 2, activation of the NMDA receptor 2
22) and Ca?*/calmodulin-dependent protein kinase'®. Thus,
second messenger pathways that increase intracellular Ca?*
levels as well as cAMP may contribute to increased NK1
receptor expression in the spinal cord through an increase
in the mRNA levels of the receptor protein. We showed
that high glucose also induces an increase in NK1 receptor
expression, which is due to oxidative stress.

The increase in NK1 receptor expression occurring under
high glucose conditions is not caused by CGRP and CGRP
receptor activation. In our study, CGRP production was
also increased in cells treated with high glucose. CGRP

and CGRP receptor activation induced NK1 receptor
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expression through an increase in intracellular cAMP and
PKA activation 2. In our study, intracellular CAMP was
not increased in cells treated with high glucose, and the
increase in NK1 receptor expression was not suppressed
using a PKA inhibitor. Furthermore, the increase in NK1
receptor expression was not suppressed using a CGRP
receptor antagonist. These results suggest that the increase
in NK1 receptor expression due to high glucose is not
related to CGRP receptor activation and its intracellular
signaling that leads to NK1 receptor gene expression.

Oxidative stress induces an increase in NK1 receptor
expression. Since this is suppressed by antioxidant
treatment, oxidative stress may have the ability to induce
NK1 receptor gene expression. Although this mechanism
was not clarified in our study, oxidative stress has been
implicated in the pathogenesis of diabetic complications
16,2425 " There is a growing body of literature that links
cellular oxidative stress to the activation of mitogen-
activated protein (MAP) kinases 26-*2. The activation of
MAP kinases may result in CREB phosphorylation in the
NKZ1 receptor. Another possibility is that oxidative stress
induces the increase in intracellular Ca?"; this results in
phosphorylation of CREB in the NK1 receptor through the
activation of Ca®*/calmodulin-dependent protein kinase.
Since intracellular Ca*" was not measured in our study, we
cannot deny the relationship between oxidative stress and
intracellular Ca?* concentration. However, it is certain that
excessive oxidative stress has the ability to induce NK1
receptor expression.

Spare NK1 receptors may play an important role in the
spinal cord in maintaining responsiveness to SP during
peripheral inflammation when persistent release of SP
contributes to increased excitability of spinal neurons
33-36) " The spare receptors may be particularly important
based on the premise that the recycling of the NK1 receptor
through intracellular pathways occurs in response to ligand
activation 3. Selective antagonists of the NK1 receptor
attenuate the mechanical hypersensitivity state in diabetic
rats ®. In diabetic patients, hyperglycemia may induce
NK1 receptor expression in neuronal cells in the spinal
cord, resulting in hyperalgesia. Our study indicates that

antioxidants such as a-LA may constitute an alternative
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therapy for diabetes-induced hyperalgesia.

Conclusion

NK1 receptor expression was increased in rat spinal
neuronal cells cultured in high glucose. The expression
of NK1 receptor was suppressed by antioxidants. This
indicates that oxidative stress is involved in the expression

of NK1 receptor.
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High Glucose Increases the Expression of Neurokininl Receptors
in Cultured Neonatal Rat Spinal Neurons

ISHIZEKI Kanaki *, ABIKO Atsuko*, ITO Hiroshi*
HIRANO Fuminori*, TAKIYAMA Yumi*, HANEDA Masakazu*

Summary

Hyperalgesia is one of the symptoms of diabetic neuropathy, particularly in the early stages of diabetic neuropathy. The
activation of neurokininl (NK1) receptors in the spinal cord by substance P results in thermal and mechanical hyperalgesia.
The relationship between glucose and NK1 receptor expression has not been reported. We investigated the hypothesis that
in the diabetic state, high glucose directly induce NK1 receptor expression in rat spinal neuronal cells. We used primary
cultures of neonatal rat spinal neurons to elucidate whether NK1 receptor expression is regulated by glucose. NK1 receptor
expression increased in cells cultured under a high glucose condition. Although inhibitors of protein kinase A, protein Kinase
C, and aldose reductase did not affect NK1 receptor expression, a-lipoic acid suppressed it under high glucose conditions.
A specific inhibitor of mitochondrial complex Il also suppressed the increase in NK1 receptor expression. These results in-
dicate that high glucose increases NK1 receptor expression, which is due to oxidative stress and NK1 receptor expression

contributes to mechanisms underlying hyperalgesia in diabetic neuropathy.

diabetic neuropathy, hyperalgesia, neurokininl receptors, oxidative stress

* Asahikawa Medical University, Internal Medicine, Division of Metabolism and Biosystemic Science
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SAMEEICHUY £ 72 CMOS MR E 74 71 2 5 (30
fps) ZHWTHEIZ L7, BECHIELSE2HL B
o LED (M 107 cdim?) % HICHRET L 72 & & oxb
BT ORE R % fidk L 72 BEILRE R 2 LIZ HIE
AT 7 bR HWTE 7 74 2 TR L7,

[(EREEE]

I F LR A A A L E T 8 L2 carbachol (CCh; 10 M)
PG B L ERIZR VAL S BT ) ORI & 4E
RN O 2 DRI R AL (1), 20D
i, bIvb eV T & 72 VIRNIEAR DB A
AN (39 1/10) TEB B H5RLa—5T
RLERTTRE Ch o 72 (B 1) FRETAHIC B\ TREGRIE 2
5 Ca™ (2 mM EGTA RN & Br < & I3 <2125t
L7 (M. £ AL v HEAKEEREIT, CC
h 12 & 2 IUHE % 38 EEARAF RSB0 L 72 (B0 2) o 1D
fii (nM) kD & B Y :atropine, 1.1; 4-DAMP, 1.5;
pirenzepine, 164; AFDX-116, 1050, Z O #5H& (L CC h
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3 < AxSERETC & B BESLAEAAL

WX BRI DD LA AN ) VZHERIE M BT
HbHZEERL TS, Nifedipine (1 uM) &, CC
h (10 uM) 12X DY EE 5 2 b o7z (X
% L)o AU, ¥ ABEILIERI ST T v B
PEKBICLAEICAaTF v ANDHEB L TV aWnI & 2R
THERTH 5,

WS R CHEIES S 72~ ZA0mEFLEIR 2.1 £ 0.1 mm
(n=12) THo7zo HE LED XEZHET5 L 025D
BRO DL JRHBIEN (FE$0.74 £ 0.12s) 120.33
= 0.03mm (n=12) % THihE L7z (X3)o Z Dl
FLEREEIE. DIVOIAETE LT\ 5 £FE T v A OVEIR
T (TRPC % STIM1/Orail 72 &) O#EET/ v 7T
N 2SERINAG O L A 1) BRI B IR B K
T REA AL ERICE L, BWICH 74 - 7o
BF2RETLZOOIFRBHIAS ) —=0 T T A+
WZEPRICFIHTE 2 b0 L HIfE SN S,

5) EYMOREARE L 2 RAFEEEEEOHIE
MEREKE =B =HA
(A7 B AY]

4 oL, MmiEhfxRIrM (BBB; Blood-Brain Barrier)
& o T NEBAFWEDRANHFHNT W5,
LA LA 5, BBB I & 1Y & 3 2 38 E 38 o B
FEZBWTHEY R ELWEEIC T 2L S %D ) 5,
WLR R &, BEENICIRG SN EH] ook
B BRZ &5, WRARREENTR . & B W ITIRARE IR &
BB NLC NS EENLIRBETH DL, R
LD X 7 = X ANERIEAH L AL VA, BBB
AT PAVBPICI N 37/ ki 1IN S SN A S5 Q)



JEJNERRFIE 7 + —F 4 13

bo 12720, COBFMMEIE. BEWEAEERRANIZ %
SNLWHEMNH H 2 L 2 EHRL TV b,

07/ id. I b3y B TIFREE A - O
EE2EHMT LT ARIERETH ), HILEHIIBIT 5
BB, RERZ IR D TES < o BRBEH TO A
Bz s, BN ZERERKEINTE L, Ly
L. a7/ %7y MEEIRNICE RS 3 5 2
T BE P83 UEBIMEMRE OB 2 ) S —F
VU UIRRHIEIRE B9 5 2 & 0SHiE &7z (Betarbet
et al., Nat. Neurosci., 3, 1301-1306 (2000)) » F7-. k&
FTHHET ) UANOREBEIZEL > T, N=F v
VIRFREY A7 SEE A Z LA &7z (Tanner et
al., Environ. Health Perspect., 119, 866-872 (2011)) o

Z ZTARMZE T, 78— F 0V VIRSIE & OB
REINTwRRETT ) e AT, BEHET
L 7-B o ffaggt o B8 L Ciat L 72,

(A7 A ]

~ 7 A (M. BALB/c, 3-6 A i) Ol EPEANIZ,
a7 /v (0.6 mgkg) %—H—Mm., KEKGT2Z
EC & o T BEEE R A L2 IRERN OB 2 ET L
720 MERIZBIT S K= 33 VEBEME~ - —Tdh
% Tyrosine Hydroxylase (TH), N2 ha>» K7
AN VAR =7 —"TdH5PARK2 DiEfn 5L,
RT-PCR (2 & o TGS L 720 MEAEREDZALICEI LT
(.Y TR 2 7B IR SR TED IS X o TR L 72,
BN D B =783 AEENEMRE OS5 X, BT TH FiLfk %
7o s ek e gl L D BlgE L7,

R LUEE]

< ABWENNOT T ) Y AEYE S % 14 HEAT D
& MEROFERZMESTMEICBE SN (K1,
2)o Fio. Y FREE A H TR R % 4T - 72
LZah, uar )/ rFEGxy A T HEERGEICBW
T 25%MEERIC0T 9 2 STE 2. 14 H & 5HEIC B
W 25% 72 6 TNIC 1009% BEFR LR 5 5 Sl TE) % 1
KT B EPHLNE RS T2,

a7/ i, MEAIZBWT I hay Y 7R
BAER- 2 HE L, AEeMPIEH UGS &0 i
M3 (ROS) HEAZIMKT 5, ROSIZE > THES
N7z bay Y 7 O5HIZIE. PARKS FEHEE i %
L7723 b3y N THRENGY - N7 7 V5T

©50 ~91, 2012

K1 UHBEREENOT y 5~ 2 () &R
B¥5~< A () O

M2 14HHEEANTT Y5~y A () &xf
WG ~o A () oWRIKEELE (=14,
p<0.001 by Turkey-Kramer method)

o €I T, BENICEKG SN0 T ) UHERIC
RERICEE SN TV EREPICOVTHRE T 5720
2. BEERK RNA % V272 RT-PCR 12 & » T TH L NI
PARK2 D EZFFEBL 2 AT L 720 T DR, &5 1
H 27 5 #5712 PARK2 O SSIRIETRAFERD S .
RATHMIPEIZ S AR L 720 &5 3 HERUBET,
AU B GBI THEB5A L. 7 0 H Tl
PR TH BB OWA D RBo bz, 2hbid, B 7
S YHREENEIC L) RERANGES N, I TR
7 A ML RAEALT =283 AEBEMRIC R Y
IZL722EZRIEL TS,

INFETIC, a7/ YEEEEEGEBWETVICE
WC, O7 / VIFEERERO B =83 U EBh IR
DEEREGI R L, BEEICIBITE F—r33 Vi
BT AIN=F 0V URtHER 2 BT 2 Ll S
TWwh, £2°C, BERNT T Y HFE5H, WEKIZBIT
B F—=r8 3 AMEEAFE (AL6 MfalE) ~ED k)%
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R RITT NI
DOPLTH Piik gett

DNWT, ¥ A - RIRBFA 14 A
XD MET L7, ZOE, 14 H

i SRS~ 7 AT, BERO AR B E (RS
5 A16HIIBEEDS RIZTHRT B Z ENWB L o7z,

AL6 MHRERE O I, Wk BlgE SN L 2L, 72,
MERIZBWTOHOITHIURIZ L % 2 7V H3Es 3
BT Emb, BENICES SN0 T vk, B
BEEMNLTRERAEEL., & 5ICZOBEDLHFIC
Ao TV S ERRIBLTWE, $habb, LHE
Woas ) v BRENEGIZE > T8—F vy VRt
BEABND 2 613, WO EE N L TRF—233 >
TEBIPERR T 2 B IR S LD 2 Lk, I3
oS —F 2 VIOSIE) A7 L% AUREED D 5
F700 KR TO, LW EWRREELEIC BT 5 28N
FHNCRERCTHIN D L) #RIL, BEUWEREZE O
HR DR & e/ NRICT 5 72012, R
BWNENTHDH EHRBLTVD,

H 2 B A

RIS

(8]

R ZZT3 5 1CH720), THFHEE F LA
ERF RSB E v 7 — AR IS
2LET,

6) RU7x/—IWE7 T ZoREEHDILE
BiE L b MEMRADOEMFEIME & DBEEM
mERKRE TR Bz
(AROE = & B
RNV T2 /)= VO—FETHLT VN T=2Id7
Ry EORPCEEICEINLOERTTHY ., &
TN YT U REDRY 7 ) — VIZERTEAL
DBf k7 SRR ISR S D L & LTHER SN Tw
o UL, K7/ = VOREIIOWTIIRED
WRERPZIIA RS S, R 72—V EEh
LB HHEDHEE L 2b 0L LT ndon
REMTHY) . D ZREIZXG L TEDFRIRIR
XA LI INE Thhrolze T TURIIZETIE
7 b T =Y LA B TEERTY & R
R U, AbaeREE & A 3R & OBE R ¢
A AR ORI NI BETE IR 2R 22 S TN HURAL A
Iz DWW TGRS L 72,

(7]

:50 ~91, 2012

Farilark & U<l bR RIEAMNE Td % Caco-2 Az
BEHWe, 7Y 7= RIEEWOER L LT,
VTV EFORME, YT =Yy -3 - vay
KT T=2D0 =3 -VF /Y FERRHWE, HIZ,
TV VN OT N YT VEHE LT, EF =Y
Y EFORBEER, REF=ZV V-3 -7 Vvad FrHwv
7oo TNOLOEMEZHRME L L THW T, MR
FRALAE I 72 & N M B il B 0 2R 2 M2 L 72

ML NPT AL/ER L DCRIC X Wi L7z ~ A
707 L — hTEFEHRO Caco-2 MG ARV AR — LT
AT IVCHRALA b L A% 52 7-1%, B E % &1
MG T 1R L 720 20k, Mot L
)b % DCF OH#IGIZ & 0l L7z,

MBI WST-8 LIS X DllE L 720 v~ 270

L — [T Caco-2 Mifla Z B B # & Lohs#b T 2 H I
Feag L 7o, WST-8 & LBt 12 28H L, WST-8 D
FEt 2 Wl L7z,

[(RRER EER]

7 =T v iE Caco-2 Ml O 5E & BHEE LI L 72,
—H. YT =TV ORMATH LT T =V -3 -7
Iy FTIEMEEEOMHII R S e h o7z (X
1)o F7-, 12 &) RN O L L ~Ovik
WYLz —H, T =Yy =3 =-7)Vvay FTIEM
FINOERILL XV oAbz R e a7z (K2).
T2, VTSV -3 - vay RUSOEREA L L
T, V7=V =-3-VF /)Y FEHVEEETL Y
ToVr-3-7vay FERBOHERRLE (X
3. 4). HIZ, vV SO T IRV T VA

YTV

M1 v7=vreir7=yryr=-3=-7)vay Kol
i i B A 3 R
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M2 7=y riyr=yry-3-7Vay Ko
(s

M3 7=V r, RFEZT U EFNSDOERBEAOM
Je B B B sl SR

M4 7=y, RFEZY Y EFNSOEKEEROIL
FRAL1EH

IbEWE LT, REZV Y EZOREHE, "F =V
-3 -=7)Vay FxHwT, MEMEmmtsie s o
WHITN BRI B 2 e L 720 A=Y v et =
Ty -3 - NaAYFIIOVThH, YTV rEYT
ZVY -3 -70vay FOBE L RO 572

©50 ~91, 2012

(K3, 4) INBHDOERPH, T T =Rk
EWNIFCAEART & IERCHEARTY & v ) L O 2
L0 FERIERR 0 L TER R B EWSFIRIR 2R T 2
&Sl R E Tz,

(2E#/X]

Masayuki Takeuchi, Katsuki Ohtani, Yanju Ma, Sanae Kato,
Shingo Semba, Tsuyoshi Katoh, Nobutaka Wakamiya,
Takanobu Taniguchi. Differential effects of cyanidin and
cyanidin-3-glucoside on human cell lines. Food Science
and Technology Research, 17: 515-521, 2011

7) PT/BEEVAINVZAERAVEESERERETTIVO
HRAGEDRES

MERKE LA HX

[(BEx B
b itbitid diethylnitrosamine (DEN) % F 272 fFfb
FREYTAETIVEHACCTHEL VS, ZOET
JViZ, foci, adenoma 72 & DRIKEIRE = #%C. NTHilE
BBITT A ZEBBEETVCHD Ve L Lad
5. OLEFESHE A N = AL EAH L AL WO T,
Z DIEI D 72 D\ SRR P R B R T & 7R
TEXLEBRREMLT DUEDNH D &E 2RI E
To72 FEFEBEEDH) B (1) IEEFMIE s ESE LS
% BBy (initiation) B X 0% (2) BRAE2> 5 IFAIIEHE 12
AT9 BB (progression) @ 2 D& MEfafRE L7z,
BEETHEBEARZ 57—k, 94 VAARPREL R &
0 VAEL EORIIZRE L ClRIEF 7B 2 F#HE T
L2 EHUREL T T/ Wtk £ v A (adeno-associated
virus, AAV) % Fv 7z, (1) intiation DR 2 =05 & L
7o AT A, IEE ARG LT IR A
LT 2B EETRBADPBIAD O REEE R 72,
AR A E S L A BR12, alpha-fetoprotein (AFP) @
HHPBIHZ LR SN T3 T, AFP promoter/
enhancer T2 ¥ — 7 —#{n T %3 A L 72 AAVO (initia-
tion AAV) ZAER L. BT 52 &1L (2) F72,
progression D EEHE #1214y & L7232 A7 0. JES
JAIZHRERIC G L CHRIZTRIALFTET 25 0N
it & 2 720 BPRESAEIE. hepatocyte growth factor
(HGF) DZ#ARD c-met S EIFEH L T\ 5 2 LA
HMHNTWBEOT, c-met 4 LTS 5 IMIER
75 B AAV3? (progression AAV) % F v, JiE 55 i
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IR 2B FEAZRE 52 L2 L7

[ &l

(1) intiation AAV D&t

AFP promoter/enhancer % i\ 72 i {z T 3 Bl % % M
FTL720 AAV 258y r — D v FIRE R EE T O A
A 1X# 5 kbp T, Z #LIZ H L AFP promoter/enhancer
3R 2.7 kbp L KEME L, ZD720, 3OHET S
~ 7 A AFP enhancer @ I 7 FHI & & & promoter % #
A £ 472 AFP enhancer/promoter $H I8 25 /N & W Ei fl
HORT F =% K LTz BlaTRHA~Y——-LL
T VY 7 29—+ (Glue) Ly v /3878
ACGFP % IRES2 fii¥| CE Wb o H\wize 2 b
7'J A 3 F% DEN HURIFIEGAEHKRIZ N7 v A7 x
7 vary L., BEFREBAEEEZBETT 5.

(2) progression AAV Di&5T

CAG 7' 1 % — ¥ T IZ Gluc-IRES2-AcGFP % & D%
HAIAAVS AR L. & M FEMIEEAE (Huh7, Hep3B,
HepG2) 3 X U DEN JHF-B 455 H Rl fa ik 12 Jk 4 & sk
BT EARELAMET L7zo T 72, DEN 755 BT fE 45
#bO5 7 A~ A2 1el2 vg D7 AV A % ERIRTE
L. FPIEIES: T AcGFP D5 % i L 72

(EREER]

(1) Kt 4 72 AFP enhancer * & 275 2 3 F&1ER L
720 4%, DEN FREIFESE Mtk E T, &0
7T A ROSEETEAMIRE, AT 5,

(2) AAV3-CAG-Gluc-IRES2-AcGFP % TERL L 720 21
5% MMM S & O DEN FFHESS H M i ik
|2 invitro TREY X AcGFP ZGf L7 2 A, b
M FHIIE IR (X 3 A L 729 B D HepG2 A%, ~
7 A BRI AR I 11 #RBET L C 3 ¥k T AcGFP @ 5
WIEBLASER® B, MIfEARIC X D SR TR AR
WEODENHDLZEDNHLDI o720 720 57
Hio DEN B % & D~ 7 212 AAV3 % Bk IESS
% 12 H B CHEB O BIZF 3B 2 Wi L7225, I
5V id AcGFP DFEBLIR O N e h o720 Z
NOHAFER LD AAV IZEF IR BV CEIZ T
BATERWENSH D). F 72, FEFIC DEN FFIES
IR L W2 30 h 0, RE&Z2 5 AAVS
I progression AAV & L TRIHITE W Z &S5
Mo 7z,

150 ~91, 2012

Lefe. AFP 70 — % % B\ 72 initiator AAV @
¥e3) % invitro 3 & 0% in vivo THE3 4

[ &%
PEEI AAVIERL 79 A 3 Rk 70 ¥ K% Dr.
Arun Srivastava & 0 it 57272 & F L7z,

(&% k]

1) Vesselinovitch, S. D. & Mihailovich, N. Kinetics of
diethylnitrosamine hepatocarcinogenesis in the infant
mouse. Cancer Res. 43, 4253-4259 (1983).

2) Cheng, B. et al. Development of optimized AAV3
serotype vectors: mechanism of high-efficiency trans-
duction of human liver cancer cells. Gene Therapy 1-10
(2011).d0i:10.1038/gt.2011.105

8) VAT A AHDOEERFHUEDRICET B

R®

WmrRARE JIfE EZ
(1) AROESE. BH

BEHEHEADEL S OWERKICBW IR =743
AIWEEEINTBY . TORFEIZDOWTY N2 58
BoMEPRObN L, BAMIZIE, ~xF =71 37
ENAETAH3IBHERMGE LR ICBWT, 3
HEBEHETOMERTE 2500 g U EOEIERHEICE
v (80% vs. 67%) @FENHEIZD R (14% vs.
29%) @OFHEHNRREERBLENAZICID RV (21%
vs. 36%) Lo 2HiEAEO S Y, MRS
DA N L AR Y| AR SR - AR R
- TENBIREERBIED THREY 4 L o5k
RELMESNTVDELDOD, EHNTZ DM 2 ET
EHFENIThbIL TV,

XY =T 4 AHOEEPEENTFHRIHET L R
HZARNE LT, RO A ML RABEEE 2 3
FENsZehn, UTHREZLN TS, LA A
FLAIIZEHENDZETRIBIZHL 3 2O&EET
HEEGZLEVIHUTHY, 1) 75 - BEFERO
TALY, 2) FHER ML AKIVE Y EEET 2 H0E
VT =D ERY . 3) Jhikd 5 D Placental-CRH 45
WL BB THD, TIN5 3ODRBIHEL,
APMLVACE B TFENKREEERIE, 5 EREVEL
LU REEARR S TV 5,
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BAEHAREANTIE, 2500 g KO AEAKEED
EEDIEEF TOWIMO—E% 285 Tw b, K
AARE BTSRRI EIIE . BERAG. BRI
FOEIEHEMRBEREDE N &) ARG ER
W EREE 2, RHEAEGREROBESS 2R S
PREBL TN L IEELRETCH L, €2 TH
RANEMRE LT~ Y =7 1 IAERICE Y FERT
HAET 2 W REEDSHERE S N2 EIC. T AL
£ DA AR E R o AR B AR AR R S R IS5 &
NDHWREVED D % o

BERBEDPFARTIT>T0D [T L OMfERELE
REICHT A2EMRE] (UTZaF)VilldE) &, 10
THoFEb b ZzomBEdRE L. RN
513l % £ Tt ERIREZ B L, HikH
DEFEHERCEWERE L o RERRS T 21
TebORE - BEIIED L) hEEE G2 500 %
LMPCTHIEERHME LTwA, BAEMIIERKY:
DFEERE NFH AR, /NERARREE ERER AR B
WCkiEE L = MEJIHIX % 53 LIFZE 2 47> T
%o

A, ZaFVHFEEIIBNWTY Y =T ITEE
ELCOWAERSEOBREDOEGTHELEL TWDHOH
RIEFNICHET S, LT, TaFVRETELN
LIRSS, vy T ATERICED
TP HRNOHEZHLMITLI LR HME LT
PFAEEIT) o

(2) MR AE
KIFZRIZEEES [(maF Viflk] odtiFEr =
MEEBEMMAA L LTiTo T b, T aF Vil
BL=vy N7 )V— MEOIHRE MR, BERT &
LTHO~ ¥ =7 4 AFERICOVTHERICHEE
MR A ER L T b, AT RE~y =7 137
FERRAE L FEFERRAE L 10T, T F VRIS TR L
5 EEN % (HAKE, REOEE. FHEAKESR
HIRME, AR M REFERE &\ o 72 TR A RE O 4
) IZOWTHE L, FOREHTFHRAORELHS
PICTHHEETFEL TV 5,

(3) HMEHER
I aFNVERRBICBG LEERT— 5 OREER T 72
bt Tz, FEMTF% L B S 72 R

©50 ~91, 2012

FEHTETWZRWA, PR 2448 H 31 HE TIZHEDS
NI ARG R A LT IR T,

TaF VRAHEEL = v MICBWTFERK 22 4 2
A1HXVFR 2448 A 31 H Tl 3454 % DIl
V7= LT3, REFERIZBWTIE, P24
8 A 31 H F CITHEDERR S 721l 1895 4412 H
ME LA L, 12724 5 0 A& S 7 (Ag=x
67.1%)o 12722409 HFH 24 4E9 A 11 H £ Ti2ll
Wah, 7—2% AJTIO5ET L7z 1108 %4455 O Fa A F
T 5o

1108 % D) b< ¥ =57 4 AN ZEEKL TWizDik
2174 (19.6%) THolze 20THDOIY =T 4 K
FEREE LT 1144 (528%) HHREHIZOW
THHEL, 93%4 (431%) A& -DVD % &2 L % H
BrelLizblE Lz, $7/2 [ =71 a W% FEikT
HZETTHADOEEMREREIVFELLL? ] LWHIE
MK L. 76 %4 (35.0%) #° [dwv] &%z, 1194
(54.8%) B[ EBBE LWV W] F 72224 (10.1%)
BN Twwnz | EEELTWA,

(4) % =8

HEAE TS =7 1 ITEREOEEEH 5% &
BE LTV, 136N R1319.6% EEL D %
LBOLNTze MIEZD D DN N 72 G
XY ZTA AT EEERL TRV ERELZEET
b, 10%HIROIEEN~ Y =7 4 A A % FEEL T\ iz
EEZONDL, F278 =T 4 ATOEERFEIZON
Tk, FEEF IOV H L HE L2BH I BB L EEK
TOTHo72,
SHBIIFIVAREICBT 5 EEN T — 5 0%
2. ¥ =T 4 IAERICL L EERTFHRAORE
fEAT LT <o

5|3k

1) S. Narendran, et al. Efficacy of yoga on pregnancy
outcome. J Altern Complement Med 11 :237-244, 2005

2) M. Satyapriya, et al. Effect of integrated yoga on
stress and heart rate variability in pregnant women,
International Journal of Gynecology and Obstetrics 104 ,
no. 3:218-222, 2009

3) Rakhshani A, et al. The effects of yoga in prevention

of pregnancy complications in high-risk pregnancies:
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A randomized controlled trial, Prev Med. Aug 2. [Epub
ahead of print], 2012

4) Teixeira JMA, et al. Association between maternal
anxiety in pregnancy and increased uterine artery
resistance index:Cohort based study, BMJ :318:153-7,
1999

5) Gitau R, et al. Fetal exposure to maternal cortisol,
Lancet 353:707-708:1998

6) Majzoub JA, et al. Placental corticotropin-releasing
hormone:Function and regulation. Am J Obstet Gynecol
180:5242-5246:1999

7 ) Barker DJ et al. Infant Mortality, childhood nutrition,
and ischaemic heart disease in England and Wales.
Lancet 1:1077-1081:1986

9) PZALINI L AR—Z—KMEiE L L /-G8

Jr7<F (RA) BERFREDHEIL

MEREKE I &F
CGiEA=T:)

RA (I HEFE PR I 8 2 T80 & 2 BEA TR 12 1 S hE 1%
BETH L, HIHIEEOKE - B~ ORMIZ L S
BT I X EST A DI TH O . BH D quar-
ity of life DX TFIZHEAET 5 2 &5 5 RGN A AREIC
b o TWh, L72h o T, (BIEBEO G & B
BIEOWHNE RATGROR D EELRETH L, BE
1EHiTEHLY) 7 ~F % (DMARDs) OHTH, £ Ik
LF— b (MTX) (0 B84 5l i A 1 o b H o
IV RA OIEHERESE & L TRESIFONTWD, &
S5IZENO 3k — MiF%E (IORRA. REAL. Ninja) O
RATRE R A2 D 12, SFR 2342 A X ) AZRHEO -
FRAGESH D 8mg/ A5 16mg/ A F THE SNL Z &
ERD, BhETHEEREL LToMHLTaE
HRolz2ehb, Ty hH—=F7v 7L TOEEHMIZ
WMLTBY, 20— THEICIZEMEHIEE) 2
JOFEBIZH L DEFEEERITLTLEIENROLN
Tw% (Mod Rheumatol 2007;17:283-9, Mod Rheumatol
2011;21:444-8, Expert Rev Clin Immunol 2012;8:455-65) o
T 7o, AEBENERM T LY Tw 3 A7 nyENIc
L5 RATHIEIZBWTH, MO THH ML LT
DI ENDODOH B, —H. MTXIZ L % RA
{HIEIZ B\ TUd, responder & non-responder %Y fEFE 3
%o Non-responder (28T % #H G &0 MIL, L

150 ~91, 2012

USRI MR O B 2 RIEH O B 2 k3 %
CENOEBELOBEHNGMEEE > TWD, L
Lahn, THE THEEIRIZHEIT S MTX O3 E)
RE - JERIEBERE XA 2 5% <O MTX D UG
IS THEETH o 720 JT4F. & M THEEER
% MTX MIEELY AARSEEE LT, A7 =4 >0
N7 Y AR—%—"T2&% % Liver-specific anion transporter
(LST) -1 »8[H%E & 4172 (J Biol Chem 1992;267:13361-
8, Gastroenterology 2001;120:1689-99) , & & |2, LST-1
EMHFMEE T S LST-2 13, BRHEILaEMIzIcB
2 MIX D FT v AR=5—=Th ), HALEED:
DEZE B Db A I EDRENTVS (Gas-
troenterology 2001;1201689-9) . % 4 1%, 5% RA i X
MO —HIZ LST-2 2358l L TV B FEALE %1%, RAW
B2 BT 5 MTX HGA A - VEHIVERE 2 T3 B8t e L
THEHH L. REFFE Tl RA BB HRIEEMIZIC BT 5
LST-2 ZEHERAH & MTX O JUG I & OB % B & %
2L, LST-2 Bl 4RIE & L7z MTX WG R0 R Tk
FEOEEL I TH2Z L 2HANE L7,

[EBFHE]
1) RA BEHERE A M 51T 5 LST ST

JCRB b Mfk /Y 7 X ) fiiG Sz RA B HK
HEME (9 ER) K OVEREREEE (OA) HIkE
FIHEAE (24EB) & H\. LPS. PMA |2 X 2K
DIFFE - FEAFAE FIZB W T, LST-1. -2 mRNA D 3EH
fifdT ) 7V & 4 L PCR (% & i @ RT-PCR O
EIZ L o THET L 72,
2) RMIMEAZMNL 5 E (PBMC) (Z81F % LST 5

B A

RA BE 5 OB A FIEWEEZ 2 &A% <
Ve — 7. RA OJREEIZRUZ I B Mg s oo T A,
B, HER - v 207 7 — VN EELEE R L
TWLZEDPBICHL2E 2 oTED, MTX DHE
BIFICERICEG LT L EEZ LN TWANES T,
BEERT 74 7 LY RIS/ PBMC & HIVT
1) EFEBROMES %17 - 720 Ficoll-paque 712 T PBMC
ZOvHE - B, PMA IC X 2SO - T
IZBW T, LST-1. -2 mRNA OFBUFENT %) 7V 5 A
2\ PCR #: & % @ RT-PCRED M H 12 & - THET L
725
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(iR EE]

TR A AR IS R T 12 BRI B R TR, & 51
LPS 100 ng/ml. PMA 50 ng/ml D {578 - JEFFHE T CTZ
N6 R, 12 FEfRRA2 L 72110, SHller o4
RNA % ill# L. mRNA FEBUHNT 217 o 7225, ) 7V
% A 5 PCR {#TIE LST-1. 2 mRNA O SEHLIZAD 5
NRVh, BOTHMIEL DD TH -7z, FERICHEF
HART VT 4 THEPBMC IZBIT L NTIZB VT
LST-1. 2 mRNA OFHUIFRO 5N e ol ) TV
¥ 4 5 PCRIETHHM L TW/A2PCR 754 ~— (Tag-
Man Gene Expression Assays, Applied biosystems) @ &
WRE ISR RS 2 & L. DAk omEMEIC s
VT % HES & il H O RT-PCR 1512 X & AT~ L 72,
Z OFEF, LST-2 mRNA O 53 % f 78, LPS Tl:—
B AE B O B AR AT 1 O ZE B TR ATER 0 S N 72 D5,
PMA TIIMET L 729~ C D FER] TR MK A 0 Z6 3]
WS HERR S e — T, IR E S Twn b
LST-1 mRNA OFEBUIRD SNk o7z, Sk, i
HE. MTX BRIER, MTX HERIER]. B X O MTX
& BEITEH O HBL2SEE® 5 L7z RA B3 @ PBMC
\ZB1F % LST-2 mRNA O FEBEAHIZOWT S 5% 5
WEf 2 DTV FETH S,

10) EFHBEICH T DA PRI DHHRICONT

DARES

mRARE EL HE
[(ROE R L BH]

WERCHIEHE & 12, SR o MmE NS % 3 HANIC
MEZ VT F =98 25% L. & 5\ id 0.5 mg/dl UL
FowmEs & TEMEREETH L, ARHIC
HELLEAEERELEOE IMTH D FFIZEZPCI
B TIE 3FHEVWEIED S ST b JRATEIZHLY
A F MR E OB R IR S s HNC L A 1E
BRAE M dEE L & 0o, BRI L CIEEER
RETICHA2BHEOMBEKT 27 ZRIF I &Ik
D\ PRANE B RRAR TS5 ] & e & SR BRAAR I8 28 259,
YL, BUBAEL L, BilRERTHRF L LT
i%. adenosine. angiotensin Il %5 & Il Y3k 1/E B4 4 ‘&L
& Nitric Oxide &5 O IS LR VBN LY E O LE AN |
F RS (ROS) OG- EZ 5N TWD, i
AN & BB T ik, FFURIN - s & Ve Rk ER
FEENECIRMEMILE . 5 EIm - KR SRIRE

©50 ~91, 2012

RS2, Feald, 2 MRV I 2RI EEIR
AL ORERFRE 2 [ L. BORENIIEH T
L& S A2 L7 (Diabetes 60, 981-992, 2011), F
Tofgit, 7y <A T EEEE (Kidney Int 77, 861-
869, 2010). & I & (Am J Physiol Renal Physiol 301:
F1346-1357, 2011) 2k 2% 2 MRV 2 ¥ OB LRER)
EPHEENTVWDE, £ TARIFERIZ, A MRV I Y
HIRAE MR ORI FR M 14 2 555 L, A BE IS B
WTIREINZIER 5 & W) RG22 T @ RAIEIE
DIRERBEOMA L & H 12, A MRV I VEhRIZON
THRET L 720

(A% 7]

1. Eb% : 6 Al HE Sprague Dawley (SD) rat |2 Strep-
tozotocin 65 mg/kg % JEMENTE 5 L. HEIRIEE TV
7w MefE L7z,

2. A MRV U 1AM SIIE RS (380 = 95
mo/dl) % HERETR. 7 JAkS STZ 7 S84 K% SD rat 12
xf L C. metformin (230 mg/kg/day) % & % 2 3 [H]
w5 L7,

3. ERHIEIEDIER - 9 Bk IEF MUbE - #3555t
HEAE & BRI A N &V 3 U IRHEEEICH L. indo-
metacin (10mg/kg) . L-NAME (10mg/kg). & # %
loversol (2.9g/kg) % #%&5- L. 24 F§ [ 2 o B % fE.
BRI R 2 17 o 720

(% 2RI
L. BERE A bRV I REEECIE, AR G-A
s L7 F = MESKIEEIC L mEOME AR

k% —
%k %

_ 0.6 2.5 1

] ~_

gﬂ 0.5 E

£ ® 2

s Z

2 0.4 o

- Z 15

£ 0.3 =

< <

o -

5 2 1

= 027 [5)

£ <

2 o 2 051

: 2

0 0
cont DM cont DM cont DM cont DM
+Met +Met +Met +Met
CIN CIN

Figure 1. Effects of metformin on renal function in
contrast-induced nephropathy.
** p<0.01, *, p<0.05
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non-DM non-treated DM-+metformin

pimonidazole

PAS

Figure 2. Effects of metformin on tubular injury in

contrast-induced nephropathy.

BH BN (040 = 0.02vs 0.45 = 0.3 mg/dl) (Figure
1%

. ARG RINAE S, LT F = o d, HIREETIEE
BIZEA L7 (052 = 0.05 mgrdl). A b AL 3
VIEEHETIE, LA 5N h 5 72(045 = 0.06
mg/dl) (Figure 1),

3. % Cystatin C 1. ¥EIRIE A bRV I VRHHET
BRI R L CIRE A R L SR S0 b
FAXMEE L IO O N s o7z (Figure 1),

4. BERRIE A b ARV I 2 MG TR R R BREE 12
LT, MAEBMHEIZD 222h 53 (HbAle 3.05 +
0.24 vs 4.65 + 0.52). k3 ~ — 7 — pimonidazole
Yeft DS Cd - 72 (Figure 2) o

5. FERIFA NV I IRHEEETIEL, R BRER I B L
TIRAME R EDIEE Tdh > 72 (Figure 2) -

[Z =]

STZ FFH5AEIRIH SD rat O A MRV I VIHHEEEICE
TiE. A PRIV VI X D IMAESGER RS ENIZ D
Mb 59, EEHFEG-H O pimonidazole Yt & FRANE
I S5 R IR BB L B L CHEEE T o 720 2O
TN ERAIBEICH LT, A MRV I LI
M TR IEAE B9, B A RBR SRS RAN A
EXUEL T BERENIIEHT A2 LATRBEI N,
BT, A MRV I UIREEE UL, A G
L7F = I, IR LBEESEY 2 L7225
IM%% Cystatin C EIFRETH - 720 T DD DEHERE
FREOMEL Y, X PRV I VEERICRO SN
R GRINEE Y L7 F = AEORE BRI, EAR

150 ~91, 2012

HM4E Y basolateral membrane @ organic cation trans-
porter (OCT) 2% /v L7227 L7 F = Y HLY AAIZH
T4, A PRV VOBREMHEFHOKRELL
L7 F VMR TICE B S el s, 21T
FoUEE 7D, Cystatin C il ClE RS-0
EREBETSHO 2Tl h o728, BfE, EEHE
JEIZ BT 2 M BRI OB AEOMET &L 2 MRV
IvEGEREREE L. TOREKEE L LEEIIon
T, HZide IR R ML (HRPTEC)
W, OCT2 24 L7z A MhV I v OB HENE
%Vowfﬁﬁ$ﬁéé($ﬂzﬁwirﬂﬁﬁ®%

R gE ] WFRERE &SR BE IS BT 5 X b
RV I UREL _owfwﬁaaﬂ“ 021,

[k &
xb$»>y&5iﬁﬁr%?wﬁvb’3w

R AIBEIE A R L7z A MBI Ui Exfﬁﬁ%&l’q
RERRIREE., IR R ELZ TS L. ﬁ%k EN9ICER L
725

11) WaERFFE7 - FEEEAD 5 R L vilfan
FFH2EEETAM. ATYIRREZEDIEILICRI T B 4%5T

RKRMRE B0 #E
<E=x-Bm>
FEi 2 sz O CHE— AT A EF Ch o Z UK
ZIFIES 20k 2 I UIBR DS T BE & 72 o — MBI
% EORFIEZ RT3 5 IS O /T2 6 N2
DH#ERE L, RO THIIONT A TZOYRE
PRESIND, BIEE TZOUBREEIZENS 2
1987 4R 125 FE L 72 € ) )L ¥ | ICG-R15 2 DA il iF
FAEZ H & 9 2 UK 7 Vv 2 X 24H% gold standard
Lo TWwd, LLAD S, HEEDH S Y
BRILHE A B g I e v M. AERIFRAE T
small for size graft syndrome (LLF SFSGS) &I 5
JREEDFET b0 ZAUIEEOIFZE (= MIRETCHE
WK oLy ey MR LT, EFEFTHoTHR
gl L<To 777 b (i) oBFEE»IDRnZ L
GEFIZBEIFAFED 35 ~40% L F) 12 X 2R
BEEORERS 726 SN HBIMBDOIALREDZ & T
Hbo THDLIFEENTH TRV LITRERT B
RETHb, FAIXTINTE TOREN S, SFSGS
797 bOKEE -, LYYy bOBAETTOM
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IRETCHEREDORBE B INL 2 L, ThbLIEFT
DEEIIITBRD 3OORFHAEETH L 2 L & ittt
BRI TS LT &2, ZofERZ KT 5
FHRENTAHI LIZE ), HATI Child score C (=
HEEFZ) oLy ¥y MIBEEFERD 35% D
757 NTCHRERIIBMTELETIZIE-S>TWA, F
7 BRSSO 3 BRI IC BT h . FAFIEFIFC
HIUIFENT % 35 ~40% L TIC$ 52 &b T4
@5C&ﬁﬁ%LT§t®ob#b&#%\L%@H
UIRIEEEER 20 R &5, o THUBRBO A
(. ART. AT, TR TSR B 7O AR % Y
% 4 BRICREREROIT A S A M T s T
W72

KON 7 T— VL, BEFICBWTES
il % Noffiai 4 5 IREE. O T2~ 6. FFEY)
Wi o g Ly IO A % /8 L 728 L WAlraiiT
PEREREM . AR TAZ LA HMET S, 22T
FTHEIZBCCHIAT L2 FYBERIZ BT, A%
B, ARREIFFAEDESR, FNOIC5 25K T
wRRET L 720

<HREHE>

2011 4% 1 H 205 2012 47 8 A £ TIThiAT L 72 &)
Bl 122 e, 1 XL b oo J-4) B e B 50 51 % xf
& L AHT AR BT 5 T RLH H O lEME 217 -

726
SN A = N
FaS 1 - At 1~ A O AU BB FR o Mead
FRES 2 2 ARl O N 1125 2 % B O
GSA FFRgLE
500 R2=0.567 1.6 00396
e o0 . . p=0.
0.0381
400 . H p K .
° o ° o ® e ©
300 o0 g © . . oo
® e ° - 1.2 .
—— oop oo
200 e . ° .
1 LN ]
100
0 10 20 30 100 200 300 400 500
ICG GSA
FEF p=03379 FEF p=0.3324
4 . LN . 4 [ L) o ® .
3 o o . 3 e oo oo o . —
2 . (X} 2 e oo [} °
1 e o 1 LN °
0 e e oo o o o ) © es@eco® 000 o o
100 200 300 400 500 0 5 10 1520 25 30
GSA 1CG
X 1
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OETIES
%%%%I%(ﬁ# PRI, ERIFERA, RS

G RI15fH. Tc-99m-GSAIZ & 2 FF i &=l g 12 &
éﬁ?ﬁ%#ﬁ
- 3-DCTIZ L ZFUIbRE - 28, W= - 5. WA
CJRBRREARIC & BRI, IR OAREE
i RAF
- 3-D CTIZ X B iif42. 4 A B OFEFE - AR Gk
eI RR L)
S iTf£2. 4 H OTe-99m-GSAIC X A BF MLt &, ik
HEALEERRAT I X A T HR e

<t R>

et 1 firan R oM ERBfR OGS (1)

fEn. MR BERFEE (HBV. HCV. nBnC). J&
%2 #. (HCC. nonHCC). CTP score. ICG R15 . Tc-
99m-GSA |2 & A JFIiii =, 3-D CT 12 X A 5RIFE (5%
R &FE), BER, WEERCLZ fRT (F
AMEIL) /B CT il ORI ZaraiRF-& L, &
2HFHTOMBEDOEFmEIRF L72L 2 A, ICG RIS
fili & G Tc-99m-GSA 12 & A T It & o A IE DR % 72
W72H (p=0.0381). ZFNLAO KT THIEIIZFED
o7z,

Feas 2 ¢ ftrEr Rl o R H 5&5@% g
FRCATET N TR AR 2. 4 H OFFEFRE - MR,
n@%mxAuxéﬁmmg\mmim%@ﬁ(ﬁ
VIV U, TIVT I UE, M, Jabho e
YRR 1 & B BT RE & LR L 72,

ICG R15 1% 4 A H D GSAHIC A E e e x
5xjﬁ>@%711M7w3%411%5m£M%%
FRIFEE R, itz o I FHiRe 1 e % D T
ﬁwmxmmoWﬁﬁmum&4@aweywm%m)
+137.2vs 231.1 = 111.0, p=0.0298) . PT-INR Lt (28POD/
pre) (1.06 = 0.16 vs 1.19 = 0.21, p=0.0445) 2 A &
B R RO T, FRIFEE KRS (28POD/pre) 12 1%
EE A RO, o 72 (119 = 028 vs 1.12 = 0.14,
p=0.6531) (IX13), FirEl O e, FEiAT. AT AT GSA i,
TR AR SRR IO E 52 ah o7z,

<%¥ ° 1\:|:|E§E>
PEF. 1CG RIS HIZIFTfiine & S35 L 5hi T
BY. HOIREED—THE & o TV D05, [k
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GSA 4W AR PN
p=0.0485
=0.3037
600 | 3584x153.5 p
245.7%£104.7 1.8 .

500 o : .
400 1.4 ‘ -
300
200 1.0 1 .

. . .
100 0.6

1ICG<10 1CG>10 1CG<10 ICG>10
2

Tc-99m-GSA |2 & % I VXA 1 O BF-Ffif 6 & S5
DR BT, MROMEERES KL, FEEIFRE
DIRIEE 7o o T 7ze —TIFERRZACIIPERE AT 542
B CB O, LT LD AERAITFEAE & R AT
HEN—HT LI TldEho7,

AR ORRES 2> & T O P IE AR - 4
iy FIRE (i) AR5 3 52 86N ERoT
Wz Y, L LARoREHE R 5. RIS
WA, FEdFRA B2 52 2RTF Tk
7% <y MTHTOIFF AR AT ET O FRAE L DR EE A3 1
DOFFFANIKRT L TV B L 52 T\ 5 2 LAV L
720 Thb b, MiEOERENRTF A = W1 O FAT AR
NPT 2 LIIMENH D, S B IHTETO R
HALIZMRE ST 5 2 &0 5, MIRIEASHFII R
DIFFHAEDOKEFIZS HEE 5 2 T B ITREEIT RV
H5bo

INHDOZ LG, MHTO Te-99m-GSA 12 X 2 il
T X B TRe & AR (B 2\ I3 aTHT o PR
J£) OREEMAGDEDLZ EIZEY, KRGO
REMIFHAEEY FHT 22BN TE 5, SRIOME
OFER A RIS BIEA KL SHIHEP LT, o %
HIR U 7238 L W UIBR 2R HE 2 37, L 72\,

B, ARWFEIL AHPBA2013 Annual Meeting, 7 &
N 2013 AE HAMNF AR BRI THRET L TETH
%o

<# B>

T 23 0 TAREINED B 5t Bk ) (HRAR
LTWis, Cok) #HEOEEES 2 THE ¥
L7zZ & & COMhfl ) TR LI L LT ET.

<BEN#>
1) Shimamura T, Taniguchi M, Jin MB, Suzuki T, Mat-

150 ~ 91, 2012
GSA 4W PT-INRLE
p=0.0298 p=0.0445
600 353.0£137.2 18 .
231.1%x111.0 °
500 . I 1.6 Y
400 14
300 1.2 .
200 . 0 ,
100 - 0.8 :
RBFE>2 AF<2 B> AF<2
AT AR
p=0.6531
1.8 °
e

1.4 )

1.0 <+ .

0.6 *

fRF>2 fEAF<2
3

sushita M, Furukawa H, et al. Excessive portal venous
inflow as a cause of allograft dysfunction in small-for-
size living donor liver transplantation. Transplantation
proceedings. 2001 Feb-Mar;33(1-2):1331. PubMed
PMID: 11267312.

2) Taniguchi M, Shimamura T, Suzuki T, Yamashita K,
Oura T, Watanabe M, et al. Transient portacaval shunt
for a small-for-size graft in living donor liver transplan-
tation. Liver transplantation : official publication of the
American Association for the Study of Liver Diseases
and the International Liver Transplantation Society. 2007
Jun;13(6):932-4. PubMed PMID: 17538989.

3) Oura T, Taniguchi M, Shimamura T, Suzuki T, Ya-
mashita K, Uno M, et al. Does the permanent portacaval
shunt for a small-for-size graft in a living donor liver
transplantation do more harm than good? American jour-
nal of transplantation : official journal of the American
Society of Transplantation and the American Society
of Transplant Surgeons. 2008 Jan;8(1):250-2. PubMed
PMID: 18093277.

4) Kamiyama T, Nakanishi K, Yokoo H, Kamachi H,
Tahara M, Yamashita K, et al. Perioperative management
of hepatic resection toward zero mortality and morbid-
ity: analysis of 793 consecutive cases in a single institu-
tion. Journal of the American College of Surgeons. 2010
Oct;211(4):443-9. PubMed PMID: 20822741.
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12) BEERFAMTIC & 1T BME S HHE (CX T 5 HMGB1
DS DEFER
MRARE EE B
[(MROER & BRI
HMGB-1 (High-Morbidity Group Box chromosomal
protein 1) 3= Fh¥T v vay s CRELAESR
THAFEEAIEML T 5 2 b, mElEz I RIE
B % 771) 231) — L DIC ®° MOF % 5| &2 Z 95 K4
HlEZzbNTWwWh, T/, DICOFHE LM
HEEbNTEBY., FMiA LA LOMERHHZADE
FEOTFHEF & L TOHHEIZOWTH I HED &
T B AWFZRIE. FFEIERIC BT % JE 4 o ik
HMGBL fE DM E & A7V, BT 351 2 3RS R0 BE
TLHRT. WMEREHELOBMBREHLMITLI L%
HIET %,

BSESaiap-

X5 2012 4E 5 H~ 8 HIZIHUIkR 2 EfT L 72 9 #
&L, BERYIFEREREEDS LY 7 N EEE 2 T

X1 YRR B 5 IE HMGB1 fEOHER

©50 ~91, 2012

JEUIBR 24T o 720 Al HHITC Pringle 3 (15 45 i 42 fF
BRI, 523 RIBERL) % 3B0N L 720 A f L JHF i BH I 7
ERFEEOTH % HIYE L THREH— b 2 2 OVERE
20mg/kg/day % 2 H[E#%5- L 72c LLT @ Time Point (TO;
AT, TL MREEE A 2, T2; B, T3, 4% 1 HH.
T4; % 3 HHE., TS %5 HHE., T6 %7 HH) T
I A 47V, s HMGBL fifi & 5% L 726

(&R & EE]

N TOHE TIEFIER% O M HMGBI i 1%
WEE»S LA LM% 2 HE E TRt T A & ShTwn
BHH5 BREITIEAME 1 HEUBEICEE R FA 2580
Lholze T2, TNE TOHE TIIMED peak H
AT 40ng/ml FEEECTH 5 DI L. HBBITIZH S A1
RVEEZ IR L7z CORREE LTWBRICHES LT
NF Y — b XAV IVEBIEORENE Z b, TNRF
H— b X DOVEREIZIFOIRR I BT RIEMIRL O E
ZPIHI LA RO IL-6 LA ZIHT 2 L EbTw b,
HMGB1 1253 A 1ERIZHA S 20 & STV 2w, L
FIEVERIC X VIR ER L2 8 ZE 2 5z,

WD - MR 0 9 b LR & TR 0 A 25
O HMGBL 1 & B = HHB 2 3 7225, JH-UI8E
I B R0 T AL SEE BRI IR R & D AH BA BAARIZFR O 72 2 o 72,
FFEI IR 38 > “C I I 8 T L Ak v L o> 940 12 oA
7205, IR AR ) i REE S ME L ShTwn
%o HMGBI (XA O FHIM P i 2w B35 2 &
AL RE SNTEY, FFRHIMIZB VTS FRBEORE
DRFMEINTZA, TN T BRRE R -T2,

H ARG T3 A PHE 2 Rk R BED 4/9 B (44.4%) 1252
D7z EOFEONRIZIBE KA 16, ASWIEL 1 61,

X2 #EEOIE HMGBL fiE & ORI %
Wins ). FRR L)
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®1 GOHED D B GOHER LEEOIE

MR (RBA) . AT (BB . BN (PR

3 I HMGBL fliDHERE (B HFED 1) B & A HFHE
7% LD )

IRIAR 2 B CTdh o7z AHHEZL LEE (n=5) & &PHE
HYEE (n=4) LTI, ATRIRT GER. M.
JEp i, WHEHF. Child-Pugh score) & JREALHE S A
T SR, ERH. IREEEHOAE, M) <
BAEETRBO LD o7, M RF I, Hiin,
EiaE, FFOIEERER. PIARGERTEER CHEZE 20
T, FEMOAREEY RO, WEICBIT 510
HHMGBL i kB L7- & 2 A, AUHED V) BEHTE
BTHBIZHETH Y . MEZRO M HMGBL 131l
BAEHEORMFMH T LTEHTHLEEZ DN
720 PUSAEMEEEFA] % H W CTHlf 2 o Il HMGB1 il % #1)
H9 2 2 L@, Wl 2 720 0@ 235 - $%

SRR L CIKIR & L TR 3% <,
5% AMRA LT D %o
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13) MEEEN—2 T OBWRICEAT 2%
MRERR AR

<EBE=CHH>

WEBEIX PO, F67E. MET. SGEPH & % R tREC
M5 2 EELEEETH Do WETEHER) % HIHH9 2 A
BH L, REMEED S 54T B KA O L HL & 1
TV, SRR ASEERES VAT SR 12 & o TR
BB L FRMORKRL ST Z & 2 WIESE RS O
REEL 20 | MEFHOMERBIZH L A BEE SN L, KAl
LR TH ) MY &2 L) WA S A
T 505 OB TIEAROFEIRW 2 5 LB A3k b
N7EEASC I ASEZ ) . M5 ICE L 722 H Y
7o WEBHIEEN XA L 22 o BRIR B. — I & 4o
WESE R CIIREIRIT R & { 7 2 o —HIPEDRRFE Tl
RIS N OTEICHE L VI LI L A RFERE
DREEE 72 B0 — 5 CHHMED R TIX, Wl 77
PIEIERASA L 720 CREE LMK L Z2wnwZ &1
£ B IR R DS E & 72 5 6

UTAE, BESE S 7o AR ARRE O I8 L2 AR F v
5 HEBEM SRR~ 2 TITb T 5, Fx
(& Z OB BRI ER L. BRI L 72 WEE O FE
bz By LW — 2 ¥ 7 OB T 339
T &7z LARTICTR A4 (SRR B L0t 2 iR & L
T, PRSI A VT M % BT A 7 % i
LA REB OFHEEIT I W EToCE/ze 2O
WFZEIC & 0 L DA BRI O RGeSO o B % v
7oESHBICE 5T, b P EIEIZFALARE SOWEEZ
BT HA X ERAOCERT, FREDIEVIRGE & [
FPBAER 2 FHTE L L BMHRL Y,

—J7 T —HIPEOMETHRRIFE I X B B REE IR LT
DERIIIVEHEBRES IO TS, TNHDH
PSRRI O R & IR ALICREIE T 5 2 L SHINT

1 &F v > FvoREEE

©50 ~91, 2012

HYFHEELZRRETHHOTIE RV, AL, —
P DO MESHFRE LT LT b o BRI oD RS 22575 1 2 8
B2y A 32 7 THIGEZFFHES 5 &) 2ESMEE
MZ 22 EDTEIUL, FHRDINER LFEFRREE % s
FTHLIENHRETIE 2R LE R, 22T K%L
T M BSHA 2 IS % 720 O3 L WIRIKR O B %
EBEL. TOBEREICOWTEREY © v TRRET L
720

<AH &>

FEERIIZE =7V R 3BE 720 A RRER I HT
SHE 2 UIBH L Rk 2 B L. A OB ST 0.8cm
X lem ORIBxT> 720 HIAAZEBBIZESE Imm O
BABAS, M 250, M 4 FIOEFE 8 ORI T v ~
ANVEETLES 20m O ) a VR EHWE, i
BARIICRE L. FsT 2 — & — 13 JE ¥ E 40Hz
T, 78V AWEZ 0.5ms, 1ms @ 2 D O 54 C Rl 5 EE
2L S 7z, WEBEHOBIZIIRE ORI NBLEE TIT WV,
ENENOTF ¥ ¥ ANV E I L7-ESABIC X 5 FHE RO
P18 % BFA L 720 BiTSCE & B o0 Py 2958 % 4 A 72
MOIEFDSOAELFHIL . AR IEHR AL
AHMEY 0L L, BRME 7T AM, ENEM T
~AF AL L7z,

<BFEREER>

#F v AV ORIEEME I, BEEROTEIGFET S
A2DF % Y ANV CTHEEP/NS L RERFERTH -
720 7OV AMEDENNTIL 0.5ms £ 0 1 ms D25 B il
H/NS AN B o 720 RO O BISH L 72 A BE I,
W f5 738V AMES WS O & RN AEE S 5 F v ~
AV 1Tk, TR FAMAEIBE N ro Tz —F

X2 s ORI
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Ty BHIHFIET BHTF © > Aovid, B2 5 PR
PEEIDFEE SN NS ORI, W AT 72
IR 25 % L3 2 SRR R A 2 IEBE O B 2 5
EAL TS, L) MHREISEWERE A L2 EK
V2 & BRI J7 28 FLif- 72 PASHEE) 2 35563 5 2 & 451
RECHholz bz b7

AIFFEDFEFR L O IRDIAATIOBEMIZ L 1) F= I
EE)HSETE SN D HDHERE S L7,

<BEXE>

1) Nomura K, Kunibe I, Katada A, et al. Bilateral motion
restored to the paralyzed canine larynx with implantable
stimulator. Laryngoscope. 2010;120(12):2399-409.

14) & MBMERIE & BIEREDRERP S L VR

KEFADICH

mELRE =/ 1ER
(B )

VAR HARTIIAREAED 71 v 7 )V DA TN E] ]
ZH, BLZ10-15% D5 TR E S
TWb, WO EHEN 72 EOBMIC & 5 M {bhs <
ODEERZRFHRNDO—2 & ENTWDLH, RNHIED KD
FPPEPBEERT & ENTnwb, 2 THRIBE AT
FEFFIC e MBS HEO R NBAFHHET) 2L L L
7oo AR, ¥ AIZBWT Y7 A Septinl2 a1 28
X7 ARG BRI BV TIRO CEERZH ) 2 L
AL M S NIz, £ THA T b SEPTINIZ #fx
FlZBWT, IR TEERE O 9 BRI germ cell
% F o 72 { D7\ Seltoli - Cell Only Syndrome V24>
W5 SCOS, & HIIFHEFIEHGEFEIZ 31T 2 i Er 5L
MEIEL TS b Db 5 meiotic arrest (MA) 12
R 5 b MR TRE RS I B W T 21T o 72,

(7 &)
FTRFOMALZBROKR LG AT, &TLE
WEBA VA=A Fartry 25T, Mlkrmic
SCOS KUY MA |ZH2R 3 % HEAE 1IE & 2 S 7z H AR
NBEE, ZNZN100 4B L0030 4 S 513 EZ %
PR SN TWAHIEHE T > b a—)b 140 45 5 ik
PR . Genomic DNA % #fiti L7z, & b SEPTINIZ
H{xT D 4T O coding region IZH#ET LA > o v
WAL 7T 4 ~—% 245K 7E L nested PCR iz 7\

150 ~91, 2012

PCREM /BT A L7 v — 7 T v ABIT = 47
9 Z &2 £ ) mutation FENT 21T - 720 LEETHEL L
7o kG R A T RINIRAT L F OB B Z R L7z,

[ #&]

BT O #& . SCOS .3 B T & coding region A 12
8 > @ single nucleotide polymorphism : SNP1-SNP8 %
i L7z Yo 72 MA BERETIE 3 D0 SNP: SNPL-
SNP3 Z#iil L 722, #h2haibda >y b o— LV
ET ) IATROTVIVOMBBEE Y RGT L2 2
%, SCOS #f T L SNP3, SNP4 Jz 1N SNP6 2 5\ T,
F-MATFIZBWTIESNPLICBWTHEERE 2~ b
O—VEETT /) 47, 7 LIVORBIBEE & b ITkET
AR AEERB L2 (p <0001). (K1BX
O 2)

[# =

AKF7EIZ L ) v b SEPTINL2 EZ 2%k MG
BEREICBWTICEEREEHLIH) &M dRs s
720

(&3]

1) Miyakawa H, Miyamoto T, Koh E, Tsujimura A,
Miyagawa Y, Saijo Y, Namiki M, Sengoku K. Single-
nucleotide polymorphisms in the SEPTIN12 gene
may be a genetic risk factor for Japanese patients
with sertoli cell-only syndrome. J Androl. 2012 May-
Jun;33(3):483-7.

2) Miyamoto T, Tsujimura A, Miyagawa Y, Koh E,
Namiki M, Horikawa M, Saijo Y, Sengoku K. Single
nucleotide polymorphisms in the SEPTIN12 gene may
be associated with azoospermia by meiotic arrest in
Japanese men. J Assist Reprod Genet. 2012 Jan;29(1):47-
51.
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1 Genotype and allele frequencies of eight coding single-nucleotide polymorphisms (cSNPs) in the human SEPTIN12
gene of 100 azoospermic patients with SCOS and 140 control men

©50 ~91, 2012

SNP  Alteration

Genotype frequency

Allele frequency

Nucleotide Amino acid

Genotype/Total no. of samples (%)

Minor allele/Total no. of chromosomes (%)

(G) scos Controls (A) SCOs Controls
p value p value p value
SNP1 192T>C Synonymous CC 13/100 (13.0) 20/140 (14.3) C 60/200 (30.0) 93/280 (33.2)
0.851 0.488
SNP2 204G>C GIn38His CC 2/100 (2.00) 0/140 (0.00) C 4/200 (2.00) 0/280 (0.00)
0.173 0.030
SNP3 210G>A Synonymous AG 55/100 (55.0) 0/140 (0.00) A 55/200 (27.5) 0/280 (0.00)
<0.001* <0.001*
SNP4 225G>A Synonymous AG 56/100 (56.0) 3/140 (2.14) A 56/200 (28.0) 3/280 (1.07)
<0.001* <0.001*
SNP5 422C>A ThrlliLys AC 2/100 (2.00) 1/140 (0.714) A 2/200 (1.00) 1/280 (0.357)
0.572 0.574
SNP6 423G>C Synonymous CG 16/100 (16.0) 0/140 (0.00) C 16/200 (8.00) 0/280 (0.00)
<0.001* <0.001*
SNP7 426C>T Synonymous TC 3/100 (3.00) 0/140 (0.00) T 3/200 (1.50) 0/280 (0.00)
0.071 0.072
SNP8 564G>A Synonymous AA 12/100 (12.0) 15/140 (10.7) A 67/200 (33.5) 92/280 (32.9)
0.922 0.837

(G) and (A) indicate genotype and allele, respectively. *Statistically significant

2 Genotype and allele frequencies of three coding single-nucleotide polymorphisms (cSNPs) in the human SEPTIN12
gene of 30 azoospermic patients with MA and 140 fertile male controls

SNP Alteration Genotype frequency Allele frequency
Nucleotide Amino acid Genotype/Total no. of samples (%) Minor allele/Total no. of chromosomes (%)
(G) MA Controls (A) MA Controls
p value p value
SNP1 204G>C GIn38His CC 2/30 (6.67) 0/140 (0.00) C 9/60 (15.0) 0/280 (0.00)
0.030* <0.001*
SNP2 422C>A Thr111[Thr, Lys] AC 1/30 (3.33) 1/140 (0.714) A 1/60 (1.67) 1/280 (0.357)
0.323 0.322
SNP3 564G>A Synonymous AA 1/30 (3.33) 15/140 (10.7) A 12/60 (20.0) 92/280 (32.9)
0.310 0.063

(G) and (A) indicate genotype and allele, respectively.

15) FDG PET/CT #EARIRIRICL 2B D /NEL
R D NE & DFRIC H 1T 2 FEMEORE
KRMREE HIL EE
<HF =>
) L SEZ WIS 18F FDG-PET/CT 134 < Fiv 5
. MEEICL YV RZ2D 00, TOEFEITILE
MEEzRT e dmonTnd, FI%HO SUVmMax
AT 5 LI X B VSRR L B o8
fi & DA TEBURENEDL D S L OHEY 2345
. HEEICBWTH RO (42143 ) 230 @
PRV 2 oSJERZE 82 1) EiL B 61 ) ¥ NE) 21T o

7o & A FREE o SUVmMax @ 25 cut-off value 7% 5.65
DL IR 90.2%. FESLE 91.8% &\ ) fE R & 1372,
— 77T SUVmax 2SI IRIE D 3 A 13 Bk ) > o8
i & OMFEOHERIDHEZ Z £ b DR v,

<B ®>

BLMEIRZS & R ZE T UL FDG DK B RED B 72 5
CEDHOLNT VS, TOREEE 2 THMY ¥ /3EH
NOEEDIIBRMEOLG &I 3B GE 2 TE T 5 2
EDSH OEHNA H 2% WTREME D S % &\ ) ARG % 3T
Tl ZTTHREICBIT HHIMET 2B E 2. FHIET
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SUVmax 7% 6 Kiili Tadp - 72T o SIERRZE & Bk
> NE B G ERINEHRR O/ M ET L7z,

<HRRVFEE>

PG, R MR THEYT L 72 FDG-PET/CT 7%
FEAT ENTZHER 2700 4D 9 B ) Y I/SEiNDHFED
L% SUVmMax6 i O 5 25 % & To 5 B 2 19
WZHEEY) voNEEBR S N30 /0B E, 111 v
JNEIRZ (BB =15 15 4R 33-81 =F . *F35 64.6
¥, BB DMK Hodgkin' s lymphoma 2 4. diffuse
large B cell lymphoma 12 % follicular lymphoma 10 4.
mantle cell lymphoma 1 % NK/T cell lymphoma 1 4. %
DABD T-cell 5 lymphoma 4 44 ) & JRELFLKE: AR
REITHRIAEBBSEICL o TREY) YR
W S 7z1) 2 NEIZ FDG 418 % 5RO 72 e 2 54
2110 ) »o8Ei (B0 2= 26.: 28 4R 5-79 . P
Y617 F, EEOWR ) YosHEig, k. AU,
BFEEMES) 2RE Lz, &) YNE O 4 X
AR & b (ZHAE 15mm K. 42 O FDG KA T R O
IMAEfIE 1 160 K iifi. 18F-FDG (2-deoxy-2-fluoro-'*F-D-
glucopyranose) % 3.7MBa/kg i/ L 720 &1L 6 KFi
VLoD FDG % ##HE: L 5040 2 F-1% % 100
RIS 2 R L7z
WelGhkan. MRSt © WEH%4R13 Discovery VCT (GE
Healthcare, Milwaukee, WI, USA) % fli il L 7z. CT &
WSS, EBIE - 120kv. HEI - 5 100mA
(2 111% 50mA) (2C auto mA 2l L. [AI#E3#E 0.6
s/rot. detector collimation 64 x 1.25mm. beam pitch 0.984.
section thickness 5.0mm, reconstruction pitch 3.27mm T
Wl L7z PET IZOWTIE, BRI 12 3D-0S-
EM (VUE point, GE Healthcare, Milwaukee, WI, USA)
# I v» T, 2-3min/lbed. 3.75mm slice. 7-8bed % 3D
mode TINEE L 72
(P &) > SENSR L TR L (ROI &
g L. i L 72 ROI A @ F 1 o> SUVmax (early
SUVmax). % @® sUVmax (delayed SUVmax) #% &t
WL, BlEfE, B L %o SUVmax 755 (delta
SUVmax) . & U243 (RI-SSUVmax) & 58 H L7z,
ARSI T oY) THh L,

150 ~91, 2012

FRRTAT o AR SRR & BEY CoSET O 2 BRI
SR HERT IS B 1) A early SUVmax, delayed SUVmax.
delta SUVmax. RI-SUVmax ® 7 % student t-test C IL#¢
L7z

% % OFFIEIZ BT 5 A cut-off value % ROC i
RO 72, 181 cut-off value 7 V72 BF D %48
BICBIT 5 E - FFREEZ KD, F72. ROC i
o4 #7% ANOVA (DBM MRMC2.2) |2 CaFii L
720

<#E& &>

Student t-test (Tablel) @ #& . early SUVmax T
FAEEIBOON Lo 72h, o2 LIFREHO
SUV O AT, Mat#micd B v /3E & o5l
KR THLIERRLTVEEEZONL, F72,
delayed SUVmax. delta SUVmax. RI-SUVmax (Z 4 L
TIE P ME 0.0001 AKiiii & FEEIZEWEEEDPRO LN
720

W HARIE 2 BT 5 ROC #i A (Figure2) % 1F 1%
L. Z# cut-off point 2 K 7z (4F), 2 cut-off
point z F \» 72 IRg D J& B Je OVARE 52 B2 13 early SUVmax

Table 1 Student t-test

Figure2 ROC curve for percent change in each SUVmax.
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(cut-off point SUV>3 J& £ 55.0 % ¥ % & 54.5 %)
delayed SUVmax (cut-off point SUV>4 & 62.2%. 4F
5L 60.9 %) delta SUVmax (cut-off point SUV>1 J&
£ 70.3%. FEEEE 70.9%). RI-SUVmax (cut-off point
SUV>0.34 JFE 71.2% . HFERFE68.2%) Td 1) &R
DR O THRHREIZBWTD 70% FEICF THRMmL
7z (Table2), ROC H#fH O F &7 % ANOVA (DBM
MRMC2.2) |2 C&Ffii L 7z ROC Hi## FififE (AUC:
area under the curve) (I Table2 |Z7x L 728 D) T, delta
SUVmax,RI-SUVmax (2 B L TIix 0.8 55 & —fix Ay 12
Moderate accuracy O #i B T & - 72, ROC B[ Tl
delayed SUVmax. delta SUVmax,RI-SUVmax @ § X T
128\ T P 0.0001 HKiilf & B\ WA EZEDTRDO L7z,

<% E>

FDG-PET/CT (&) v /OB RIZ BV THIT
HY . PEROTREN 2GS & L, A 2 —
DM DS ET, A XD lemBiBEO/NS ) v
NREITH - T FHHiA T E R G AN H S Y L L.
RIELE R GO BMED) Y oji@ibx LTh FDG D4
FEDSIEGF RGNS 5 2 & DS BN & 7 %,
B CONEICE L CREITOSUV Oy ME 7 1H
ERLHEY b DD EBORKRTIEL — /N —
Ty T L. BMNZHET A2 0% v, HIG
BTS2 LT, B CSEBITIC BT B ERE R
OHERFER T OUEN LD 5o BIEEE L —RI25
R Z D72 ) EAEDHEINT 5 L wbh T ), 251
ZOHEMEEL Glutl OFEHRIIBEH CHEPH S &
WhHENTHBY, B Ui 1320 L) 2 H TR
Y, BB TIVEHIC R DEEZ BN,

Ltpid, SRIOESNE#EY v M 7 EE AW T
B EBEZ ATV, BT 2 L ERH L L E 25
n7z.

Table2 ANOVA DBM MRMC2.2

< AUC : area under the curve

©50 ~91, 2012

<#E E>

FDG-PET/CT (2B} % 1) ¥ 7SEi~NOEFRE DS L 14
HOWEIZIZ. BG L BINRGT 52 & TESEY ~
ISIEOENZWNA R L % 2 ReEdRmIE Sz, 4
G wREEEROFEREZRET LR DG L%
Z bz,

<&EX#>

1) Kumar A, Dutta R, Kannan U,et al. Evaluation of me-
diastinal lymph nodes using F-FDG PET-CT scan and
its histopathologic correlation. Ann Thorac Med. 2011
Jan;6:11-6.

2) Schrepfer T, Haerle SK, et al. The value of (18)F-fluoro-
deoxyglucose positron emission tomography/computed
tomography for staging of primary extranodal head and
neck lymphomas. Laryngoscope. 2010;120:937-44.

3) Schéder H, Noy A, et al. Intensity of 18fluorodeoxy-
glucose uptake in positron emission tomography distin-
guishes between indolent and aggressive non-Hodgkin’
s lymphoma. J Clin Oncol. 2005 Jul 20;23:4643-51.

16) HEEETFICH (T BEEERER UL EHEEE I

TIME

KRMEE TR RIE

<FU®HIZ>

i /& 3 B B (supplementary motor area; SMA) 13,
HIBEE O — UGEBEF R T AL LI IER R S E D5
BCS L TwhEENTWAD, L LZOKE. B
NIV F ZZICRIBIH O D%\ Iy Al 12
BULRETOBEET—BETH LI LHFLVITIL A,
FICEREEECOWTE-PHIIEAZ ERH D, &
BOEFLNVEF UL 2810k 5, RIS, K
FEMNEB YR BV CIEREIRTDOE Z D72 5.
kO EENME, SEHOAL ST, HEEE D AT
LZOWTOEBL RTINS S %, fidEEE T
OEEERE. SIERREOMRAEIZ D MG L 72,

<A &E>

O/ =~ VERT T4 T %G
WL E QIR BRI LD 1T, BEART 74

7 % © ® ) Functional MRI % Jiti 17. Finger tapping.

reading. verve generation ® % A 7 % 2T Ao [W— AW
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TORTEENME., e EBE COFHE L EETOR
JETEIR A H T %
QHEBTFMcoE=5Y 7

ik 52 B P 5 O AT R LS functional MRIL DT %2 4T\,
FET = g AT HRICEINS 50 REEY TS
BEHE ¥ A7 2 AR L UNEDO~ v ¥ v 7 &7,
COBFEr— a v EOREEEAL & 0BG 1R
T 5o MEEREICOWTIEE SIZEEICBEATEZ R
L. RIEEZH#ET S

ML ATENICERE . RIEICE TSR A Y7+ —4 K3
YV MRS 2T, TRERTWS

<#E E>

QU ADEFEANRT T4 THEDT— 5 — % £f
L7ze TN5 11 AR Ao reading (B7F) &
right finger tapping GGEE)) Tl /& BB 5HI T D
JAERIR A RT3 5 & 9 BlIXHT 712 reading (S 7E)
A EFE L1 BU1Z right finger tapping GEE) 25T /512
1 BIASIZIRE U BB ATRRD &z, #liEES)
B Cl3 S AE B s S E By B A L D D i S
FHETHZEPREN (K1)

@ SMA IS BIFR T % 3 FEBI O JE AT SELEREHF 12k L
B TR 2IT o720 SEB 1 B L OYER 2 TIEREIS
LD YBEZE AT o T ERICHFBEOEIRDEB L,
FEr = a v FICEE SR E BT o R
AL —FR L 720 F 7RI 3 Tl e EENE O 575
BEZNZNOHG CELAMBM AT/ 25, Hi
FiCIESFEDADIEIRE . %5 TILEBIFRGE D
WH BB MR T S N7 S BB B O S5

= 1

:50 ~91, 2012

EERIE & OMED BN RO b7z (K2,3)
Oy, HLEBIFIZBNTIE, SRR ED)
WREL DEITICRAELTBY . RETFTFIMICEL T3
AETE DR ED VIR OIRE L 2 1) ) 2 2 L AURk
Ehrze (K4)

<% =>
FHRHICEE T EE S, RETESIMEICLS
fitfe~y ¥ 7247 212k b, HREERIRAE L2
MO IRELE 2 I RKRICYIBRT 2 Z L AYRBE T T oK
ERMETH L, Pk, RHERMES L UEHET 2
BEZS)TDY =y N LTwh, BETERE
EEOREIZIRENT WD D, ZDIT3E A EIIREER
BARIZE 2 b0, BEXHMEREA TS 2 b D12 &
L TH L. Lo LR EENEE O TIE, #Y)
LA SO FHFIRTH > TO B L 27257

X2

X3
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X4

X5

BEMED D 1 IR UIBR & ke R E O 2 H SN
CENH B,

Tﬁ/@iﬁ@ﬁﬂ”@ (SMA syndrome) & SMA DYJFRIZ
L5 —BEOMED L VITEEREETH ) . FOEMH
SHH TERIZGEET L & ENTWDEH, BEOL
HLNICE L WEEEZ G252 L I3H0%V. Z0
7o, FEHEOEWE. ©OF )IREENZEE ST 2
HEBETREDPE, T REFNIL U THE L& < Tl
%59, fMEEEEICELE ) Eﬂﬁﬁﬁ?ﬁ BN
12750 & I B E X RTEEIENEITE 12D b7z o
TBY, HEOFETIIMNE (ﬁﬁu#fkf'ﬁz"]1ﬁ') no
DELZINEHINETH D L V) MEDSD D, (1 5)

INnFETH, TADADTM CARMEEREZLC
% BWVT, %ﬁﬁﬁ%ﬂﬁ@ﬁ@%ﬁﬁttiﬁi”?
function MRI T JRTFEDAR & ity L 726 D3 B % 73,
FBR ﬁﬁ;Tim IBWT, TOREZMERR L 7S
EAH7H

250 ~91, 2012

LRl A ORI A ERETSERENE 5 O Y FE12
BXL. HEE T FN ClIm e ER I IE L2 212, £
FTHIT OFFHEEESRBT 2 &) 2 E%R RS
L. & 52 functional MRl & F E 7 — 2 a V2[R &
HHI LD KRICPERZENCES 72 < & b IR

GEmE EEBIR A FRET LI EDMETHL I L%
RL726

CORRIE S, KT T T OGRS R 7
AYDOREIZRELFGTTLHHDOEER LN,

17) RERA#EREERER AR DEFARAIZ S I &
DARFE

3EBBE

MERKRE Il BEE

(A7 E#]

MG T E AR - AR 2 R T jJif:E <ATH 72
DICHHTH %o FAE, TR E 15 KM%
# Y Adipose derived stem cells (ADSCs) 1% & 2 & #l

fa. sRE G, TR ot 2 2 &8s
SNTW5, bbb, 2+ E T ADSCs 7% in vitro
THERMBIZEs 5 2 &L invivo TIEE KIBEB
DBEEREMERIZT LI EZHLNI L, 512,
ADSCs DE RN G- 13 BRGE 2R3 5 2 & %HH
LML T&7z. LA L. ADSCs DFHIRNHZ 512
LAGERB L OEFHAEA T AL RBHI N TV
Vo ADSCs DB AT CTOMEZH L 2T 5720
2iE TG LMo B HASTOREEZNAS Z LA
HBETH DL, SHEEI. #IRNIZS- L 72 ADSCs DF
BIESCORIEZHY . ZOREZHOLNMITLHI L%
W EmE L7,

(A7 A E]

F344 7 v N OB B2 © B 5 H R 22 R &
(BMSC). HEHi#fik > & ADSCs % 438 L 72. ADSCs
B X UV BMSC 1E FCS il DMEM 12 & 1) 5538 L 72,
EHIZFEH A5y, pr)kny) vk EF I
C 2 M L& 3EMifa s bifEsim e L7z,
(D ADSCS IR N #5514 O ¥ 5-M a0 JH1E

Gl

RN F% G- % 17 - 72 ADSCs DB BI~D 434 % kit
5 72®12, ADSCs % BrdU THEak L. iR N5
WA L7z, 7 v MEEESICERIBEZ I L Tl 3
HHEIZT v MREERA S 3x10° 8@ BrdU TR L 72

2B B AR
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MR % P65 L 720 o BRI BETEAS (25 RIB D A & A
L. M oO#ERNES 247> Tnawvg v e Lz,
FHEFMHZ 2 BLOTHEE L2 FiliR2BL
7HHEIZ10% R~ vk CHERBEE LU %
PRI 720 BRIRNE G- % 4T - 72 ML 0 4 B g gi ~ D 45
A% GRS % 72000, Bl B /N, DR A i LA
A A 2 VRS L C SR L 1) B f % 47 BT BrdU
PURBEEM OBIER 217 - 72, BRSPS L 72/l o
FENGEM CORIELZMS 72012, HIEGZHMIE L
10%EDTA i CTHiIK %, MHMAEAR 2 FRL L 72, 0yl
WAL F GO %, B RNEH AL T O BrdU HLiks
PR O JRAE 2 B2 L 72
@ IRMNTEART B & OFIRNE A% ADSCs O H g
ZEHUCB 3 2 M

in-vitro 12 B\ Tid. K73 ADSCs O F 2 BAMIIE~D
kB L OEICE T 2 B m T REOBE 217 - 72,
HHL O I~ DL AEIZBE L Tl BMSC-P2 (fk
R#52), P8 ikt 8) B L 1N ADSCs-P2, -P8 % i
fii L7zo B LRI B 5t~ — 7 — Runx2, & A7 %
H Vv v O5EHE % Real-time PCR % v CillsE L
720 B OZALIZE L TId P16 EiEF OB &%
AT L 720

In-vivo IZB Wik, T v MHETEFIZER L 28K
BECTOMEL X OBRKIET 55 87 5%
PR et 2 ATV L 72

150 ~91, 2012

(& £l
BRI SMIROM,. . SREOHEBTOLH
N D0 Td B A BrdU By ML % 520 72 A%,
Filie BFRR. PR X FE R A D e o 72,
FFIRAIR S % DB AIEE T D RBTED FEERB LT
FIRNP 5% 2 H B TlE, B8R IC I BrdU Btk
MBI A DN o 72, BIRNTE G127 HE T, #r
A5 IR B2 25 850 BrdU B tEM R 25 4 5 172,
5 VA 3T A i i A R Ol iR 5 & OIS P
WZJRAE L CHEN R CTH - 720 Hid i o i 2=
T B 3R AR B MR I S EE B 4 2 B AL &
720 HRABITBAEBIZIEE S 2 2R IEMRIE A S L
Motz (BE1,2),
FAIRAEART S & URFARAIEA £ D ADSCs DEEE
23]

5% ADSCS DB RMIEND51bd L U'EALIC
¥ 2 EEFREADK

Runx2 i#{n T O3B TlE, ADSCs IE BMSC & Lk
L TR A BT CTHRIARDR T LD RN LR E
N72e FATFHHNY B L TIEBHFEMB LT
R CoOREASIFH LN O FIITA S Lo 72,
P16 @1 O3B L CTIEFE Ukt 3 Tid BMSC
2 L C ADSCs 13 5B & DS 1o 720 [ UEF#E5
B L OB TIZ. ADSCs (21 L C BMSC 1l
JAZAL LIZ WS EATRIBE N7z,
BRIEETOMES SUBWKICEATE 2 /NTR
BoE

ADSCs # kAN 5 1 :8E#% HRELEEER

B ER D A2 2 B HL BrdU HLIRR 14
MDA DD,

BEE2 (A KENZMEEEOGEMILE R,
S AN ORI 2 7R ¥ o
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AATA AT Y, TGF BB & U PDGF (Fxf i &
FERBEI I A LN D072,

(£ =]

SAERE L. IRNFX G- L 72 ADSCs D F A TO )R
XY, ZOWHIETHL 2T 52 &% HIICARHT
TEITo 720

ADSCs D FFIRINTEA DB B D6 = IEHE 5 % 17
DO—2 LT, HALMBEBOEENZER LR &
TEBGHA L L L CHBES A TTREME S D A L ZE 2 H i
7o SHIZHEHE L 72 ADSCs 1B O W12 B\ T,
BB L7200 T < MBS 2 g~
LT 5 2 EAURIBENT DLED S, RN S
L 72 ADSCs I HAIFIC BV THIRO A% 5 F5 4l
DIEWIES5 55 5w 2 MBI H5 LT 5 7 ETEIEN
WERLCWwWA &z bz, T, Bl L 7-Mifaic
LBNRT 774 AMERICEHL THEDR R SN TV 5,
SRIOWZETIX, BENGEITO/NT 7 T 4 Y ERIC
B L CIEBH L NIZIETE LR Do 72,

Ltk ARWFFE DRSS L Y ADSCs % FIH L 728 H
A GIE & R EE TN B X O 72 R GBS ISR &
HoneEZTWD,

18) MiE> 22 F > C REFARITEEDIZEL
—MiE~ MUy 7 AN— ZDIELEZDOIES
MERRE Kk Fx

YAZF»C (cysC) 134T 13,000 O3 K
DTEAETH S, ., WREGFR O~ —71— &
L CHERFIVHDSER L F 72 DIEREED Y A 7 HT-,
A FHROTFHNTE LTHEHBEIN TS, 20l
TENEHURPUA UG IZ D Sl ekl L %, &
F CMEM A E R CIREEA R S L7z A%, 2010
I E AR HE ) ERM-DA4T] OB 12 & 1) HlE DS
LD SN VUEPHEOLN T VL, ZORR
LM E - T, HEAAD eGFReysC 25ik7E 1172. L
L JB4EFE N S 72 ERM-DA4T1 70 & Al g~ o
OB T OERERER, WmEWE, B8k
& DN REF I SUSE MBI B2 D § I R
HEEIHMAIN, I TH 2 TO N4 7%
H By #E L (new ProBio-S) % VEHL | CIA MR
PHERL.EHIZINEZHWTTREEO FE R % %K L 72,

©50 ~91, 2012

[ &l
70 b2 TSREER

BEL NIRRT BRI SN2 HHEICE-> T2
NFECHMMAEL TE/A, HAKRBIEIZIRE L <
#1720 3 7% bHH ERM-DA4TL I #E U T native cys
C (NovaTeinBio, Lot# P-110104, USA)
2-microglobulin  (NovaTeinBio, P-110104) % /il . T 3
MR B o7 0 by A4 TERERL -, BEICEEATS
HDKEN T — WAEEF MO, BT L
72b O EFENC, HiR C3 Bisr & IE AL L T C3a 253,
BTHEANNRANY 7 7 — |[ZE B CEIT L Tt &
Z 770 {5 1 Beckman AU6S0. ifll %€ 43 12 Nittobo
eV, ZBEBADRER T, JWEBEY QR4
IHERE L T\ 5,
% B S RRAEE & (CFHMARET

ERM-DA471, LLHEI{ERL L 72 recombinant cysC (7
)Yy OVEERE, WEE) ZAINERL L 7 ProBio-S, &
&7 — VLT REWE 2O CTHEERINE L TR,
i PRIE AR 2 574 L 720
PELRERER

ETEHERMICER L2, ) YNy 77 =12
glucose 600 mg/dl, 300 mg/dl, 100 mg/dl, O mg/dl %

Z Z |2 recombinant cysC % iz #% &% 5 mg/L 127 %
EOREBLIICOLMT T2l HEEEL /2. 0 H.
THH. 14 HH. 21 HBIZERILEBH D cysC %
Nittobo, Eiken, Siemens, Beckman, BioLinks (2Kl 52
L 7zo #EALIRAE & L T Carbonylmethyl lysine (CML)
% MBL - CHllE L 72,
Z DDOEBRKRS DRIE

FREASIZOWTH Beckman 12 & 0 lE L 72,

, hative beta

1 New ProBio-S
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[{ER. &5l

Beckman AU680 (2B L Tl EEER4 @ 5 [al 8 ¢ Ml
SEREE D CV X ERM-DA471 JEE T 3.0%. 12 i
JEEC 0.3% fmfitiF kT ProBio-S 0.29% , ProBio-S
1035% TEDLD TR TH 720 —HmhEEETIE
FREOFE, BEHOMERDS &OMEME / THEO R
13098 ~12 L EbOTENLMREETSH I LIIR
SNz, TOZLRPRCEDBIDVATAIIBNT
X, F5% native, > 7 )L ® cyc C. recombinant |2 B
HBOFTREE L AT LIREEEL T LT L
EWRETH D I EATR SN,

1 ml DFEEINERZ O 24 FEE] £ T—E ORFH T
HEZ AT 7205, ZEIEIE CV TO79% I X9, &
bOTEWEEEE R LTz, —HEMZENEE. P4E
HBOWPEMIE 3 [IH%E T 5.40 mo/L, EH#ERZE 0 & &b
D TEWEMZEET R L7z & BRI AR
TRESN TS, Dbz &nt AREH 57
RVAYF Y CHIRRICANTH 5 Z EAIRE NIz

HEALD LB R ORI, 7V T — A% 3L S
Pz Mas L7z JERFSRIRAE 2 3 2 2 M o BUK 1%
F 2 — 7HPBIEHR SN TV, p IR E b F)
AP HEEZRRI T, SHICCMLIEX BYE T 572
DIZBSA DFMATE L\ EOIH 5, BHIK
T 2 — 7 % BHALH T, % O phosphate buffer %
Rt L Wz, PRSI 358 < 5 mg/L |2 FF %
LCO05mg/L 2 F TIKT L7zs B X
HYEREDZAL, Ny 7 7 — OFEIR, BT R
FRHDOERY bAOWHEL EORED S %,

C O &9 RUEERROBEMEISREITE T, T
NOWEFIZB VT 7))V T — A 600 mg/dl Tl
Omg/dl (2> ha—)) LR, HERKTZRL
21 HHIZEE R LLT & 72 ) . Western blots T 241
EYFT AT R, T hbELEPMHE4HET
I CRFE SN zeys Clda v b — )b & ARG E
DT % /R LPUEREM OB ER O Helk b St b
N72o CML OEEREETIEZ IV 2 — 25 300 mg/dl
FECHIMOMEM DT NIFED LD, 1T & A ENVEE
LT THOVMEENTIE eh ol G LD EVIRE
FRE COMEALEE L % %, Western blots [ZH 5115
L) IZPUSE DR R TRINFEIZIZREO SN B, T
IR b S OREACITHEDER L T\ 2 EEE
V5o IENFRMNAE B % A ARROIEH & FE W

:50 ~91, 2012

KT & B BEGEMFORENLEE 2D, L) DI
INT 7 —OFFRDS o L bEELREL 25,
AEEEEMIT e MIEN—A L LTHBY ., EEEAMK
dE O, PUSEAMFICSLBL Twd, 22T
HEBRAETHBE SN2 ERBTICOWTHE L7z, &
fRE TR, ACHRAETYS 24 B XTI dmuwi gt
DR SIREZREN, EEMoOa > ba—)b, -~
A A ENOFIH O RS R S 7z

YAy F v CHMERELT HWIZS BEREDH
(ProBio-S) #fF8L L 720 ZwElME, wathd &Rk
PHEE L TROOND M2 L TEY . AEAEY
B e > CHIERR AL 2 e U MR RIS 720 72
g

2 Western blots |2 X 5 U5 fiE#T

SE XM
VAL F Y COREEELIIR WA WHE 60 : 760-778.
2012.

# A

AHFEDOERIZH ) Gk BABIEOIREEZ V72
PZEE L7 MER, MEMREN 172 72w 72 iige
ik BEESHLICORAM L 9
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19) EAEDRNIE - HEBHEICET 2 BHAE
MERRE & &
(CE=g=]:0)

2010 46 7 A, [ 0B 3 2 30— i
EF 238 (LUF, SEd) | 2 &m0 T S .
5RO FEL OBEPAHLLE T L HORE
W38 TUINIE T ONRZFR BT RE L 20 o 720 [VEE (F
Eb) OMEFNZET 24580] TidF b omR K
LB B FHOBMREREE L. HAZ 1994 F
IZHAEL T b, e, HARDESLIEZFFE 1B
T LM EDSL 1L 20 U EE R RIZfTDbIL, 15
AR O T &b OFEMICEL T H TR b v
WO BIKRTH %, RWIZED Bryld. Hhaad: O RNstiEe:
BT 2 E#EWHO 2T AL TH D,

(AR A E]

1. WRMFE - dvifiE, &b - G X ohaEAs

2. HEHAR : 20124E 7 H~9 H

3. BEFE: B4, HrlABEH A, AT
R A U CEAR L. EBIESAEC &) BEgeE s
B, L 72,

4. HEAR

1) WREOREREME TR, Fs, BUEOREREIRE,
[REOHEFNIES 2581 Z2Ho Th Lk

2) ABekeBg, @Pbeiiba, 28X - BE YRR, Jik
e N & OIEHIREER, Btz & O #

3) MMPCHEZRRE MBI 3 2 I - (OMMIE F 72 12 isids s
Rl &) BHER B 7o 4R, QBNIEIRZRFE AR IC D W
TEROJGE, KiE, ez L2, O@olq
Bix Tdhs] [awv] o2 EBRE, ORIE T 721308
BAAOBLEEZTETLH 5 05 [ kv
D4ERTRO[ETHHLINPLBHLIEH D],
(HFEVRVI[E& V] Z[w]E LTHIT L7,
ONFEIE BRI OWTOE 2 (NMFIGRREZ
ZEIER) . HE X TET 28] 26 T[4
CEDLBRV]OAEETRDONETHEIEH T
I & TES LTEbRw] [&{8bkiwv] % [&
b & LTt L7z, OWIEEEZH-> T bh
Ty HEE [HoTha | TS ] o2 Bl
WA 280, [\ T TR o 2B
FE Tk 72,

5. 9t E : MEHENT Y 7 b SPSS  Statistics 20
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/2. SRR B L OVX 2BEICTHIT L 720

6. RIEMERRE @ HEZICHEAMRHIELZRM L.
BORBABRTHIORET S L) ERELE LT
TREVANRZ 720 7HRE & BUITHEIH T T 5 08 0
THHE, BEAEOMHER, FROBBICHE L ZwEE
WZOWTHEETHA L, AEZORINE b > T RH
EBNFOREIELNIZE DL Lize RIS
R KRR B S D AGE A 15 CTEM L 720

[iE 2]

HEE RS R ~BLAT L 72 1370 & A~ O BiAi B &
L. 231 &» 60 oz (FULE169%). <
D) HLEKIEMEIZE T 5 HEDN o721 % % BRA
L. 230 %% iRt e Lz (AREEE 99.6%) o
1. YREOEAREM

MREOEREMEIZFR LITRT . B ORRIREIC
DWTIE [ETHRW] 1024 0B 119 %[
T8, [ETHEN] 28 TH o7z [REOHEMIZHE
T 5KV TIE[H>TWD 39 A4S 2w ]
191 % TH -7,

2. RARRPERRRL EDFE

A BEAEBR R 72 Wl e e B 2 & OFHENZ DOV T ORER
3E 21087,

3. Wt BE VO EEDRH S5 L 2R

IXFERR AR AL & v ) FEE A M 7o ARBR R 5, L 724%
BRIZOWTORRIZEIITRT,

4. BB AEICRATE

JHSENEZR LRI B9 2 & 2 12O W T ORERIZER 412
ANERS

[ 58 C Dl g de it 2 BlAHIMr 2 2 & | & [JHsE
TEERFEAEIZ B3 20 RE DFE 2 2 BUIH > TV 2 0 Hh
) EOBEIZOWTX 2V EOMIEEZITo 72, £
OFEHp = 0.022 THERME (X 2 =5.260,df = 1,p
<00 AH D [BEANREOEZEZZH->T\5 L

R1 ARFOEREN

R U
B | ki o
1 4 35 44 79
AR 244 22 34 56
3R 40 55 95
G 97 133 230




TENERFRERFSE 7 + —F 2 13 150 ~ 91, 2012

K2 KR % EOREER

5 2\ Gt
n % n % n
L AFCEARLECERBLA | 12| 585 107| 465 230
2 ARSI CCEMGICERL S e b | 10| 478| 120|522 230
B RIHSTRECMAO AL S LRk | 93| 04| 137| 596| 230
A RRONOBAE LS Ehboh 43 187 185| 809| 229
5. FERRK, BB fionlibboh | 24| 974 6| 26| 230
6. WEPBLCARCC L@ o | 153 665 76| 330| 229
7. KUNZETLEZYHIIRATL F o 7D H 5 137 59.6 93 40.4 230
£33 MIEIRAFEAL & ) SEEZEI 7R & &EE L 7o
5 22w At
n % n % n
1. BgEE ) SEZMW 2 LB 5 H 207 909 23| 100 230
974 6| 26| 230
28| 166 722|230
87 210] 913] 230
- 52| 218 o48| 230
6. TLERHH., R ETHRW/ZEDNH 5 204 88.7 26 113 230
R4 MILIEAFEAEICE T 5E 2
[ »% 3% &t
B RNEE . ” . o .
L BEOCTHOABS 10| 435 130|565 230
2 JRERRAL IO W T LD D B D 106 46.1 123 53.5 229
9 Bb7wv Gl
n % n % n
3. LEESETWTOD BN R o/ b ADFELRBOTHWE B A (AN 312 158 | 687 | 230
LT 48| 209 229
L SLT 108 470 227
696 68| 296 228
00 67 291] 228
548 103 448 229
. DRLORIFOIRETE L e e CORarie BT L TR e B | 186 | 9.1 93] 404 229
10. & 747 ORISR O W TOE X BT > T b & B9 » 90 39.1 139 60.4 229

B r¥x, po IWECoRM gy, TS HIHILTO R EREHREDOZ L EH

vy

THRWERS | #FE, [BIIHREOEX MO % S e
WERH ] EEZ O TBUISHIEIL THRL vk AEHS TS | 43f
B | BPAEBEICE -7 (K5) . | o Ebrw
5. WEEDRMEBE %%T®M§E5 %%i% 61 | 74 | 135

WIEBEICHET A EZ 2 IOV TORKRIZFE6 IR T. s 3w ;g% 23 | -23
NEHENAEORES] & [N EAEIC B 20 % gL c | o | e | 93
DER ZFUIH > T2 0EDP] LOBEEIZONTX B CBhhL B | 0 | g
2 ML EEDRIE 24T 5 720 FOKER, p = 0016 TH HIEEE | T '
FRMM (X 2 =5760,df = 1,p < 0.05) #d V. [#H AR BE¥ | 89 | 139 | 228
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X6 WEEOBIMEES

HHNE

IR/

o
o
—

HloTwhb

1. [dubEaaE | L) FEREZH-> TS H

27 11.7 202 87.8 229

2. BRTEANOEEFHR TS 2WEETL, BOFEDN D

T 15 AR DT £ H SMIE TORZRREATE 5 L9 12 38 16.5 192 83.5 230

o TWANZEDZ L EHI->TW5BH

3
=
el
2
o
Eill'

n 9% n % n

3. ERl20FFBENEBEIZOWTED L) IZE ) »

110 47.8 115 | 50.0 225

K7 BEINREOER H-> T 5 EEHRNED

s
ERNEORS |
=R
x| B
3 wE | 3 | 3 |
IR TR WL 24 | 24
0) > ,,,,,,,,,,,,,,,,,,,,,,,,, L ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
FAEH FER 77 5 13
S>TW5hHh Bhhn gﬁl%%(% 04 »
| PR 2
&at EEE | 114 | 110 | 224

B REDEZZH>TWELERD | LE2, O
[EHEONEICERT 5] HETBIEMS 2vwEES ]
EEZ L o [HEHRONFICET 5] EVAEEICS
Motz (ET).

(£ =]

T I MAE R BRI &\ ) BER VW2 2 LS
HoTHHEFEX LD HLEI3ET[THY .
BEDORFHIIB T ARRAILS £V EEEICL S
BN Z EDIRENTz,

F 7o RO 4 F§5E E 5 ORNIEIEAR AL B S
HEZ BT o TWBE EE) ERIZ LTV, ZFL
T FEEIBDPHREDEZ 2> TVb EEH 3
Ext R E DOlEZR ORI HEAHIBI L CTHRWEEZ S
AIA D o720 T OFERIE. A A INFEIE 2RI
My 2EErHMICREL, ZoBEZHICEz 2L
DEFEMEZRIEL TWDHE VR 5,

FO—F T, PREOHIZIZHIINREDE 2 %5
B & S, A RE O OFRMHIE AW L <
BRWEEZDEHED W, TOHEBIZOWTIZHSL 2
WZTEmoizd, BEMIHE OBRIZBWTHIL

CARIED AT T I CTH B 70, D &) IR
BEDIFBDFERICHE L Tnb b EZ N5,

S50, BXPERRERAEAR I B LA B L A L 7o rha
AR 50% I E D, EEICOW TR E ok
SIS e L LTz, S ORE R HSFE DR
FENEARFEAEL 0§ 5 B L DR S R FFH oS0 7% &
EERL TV,

SRITE ST R D, PEAE OB R
L2 T B LIS, FERNED R M A SR AL BUIR
RHML. PR EEIORPTE 2 L) 2EEIIY
MAZMETT 2 EDHRETHLEEZ S,

20) MUT NI oREBRLPOSALZ [225] &

BHEE DD THF DREER

MEARE £H T8
[(ARE=R]

WA, AR EOEALED S, ) DRPCALIESD
R B HIMLTB Y, RELHEMEL 2> TWw»
Ho LAL. T OAFMEEE O 4 mRER T O it
HIZIZE->TB LT, 2250 ESEI 2 Gk
DFFEPYLEEINT VD, — /T, HL BT VA
DB\ & 7 1B B 34 2 A A IS R A IR e
DMEFFICEETH L EPHON TV DL, FAEIL 1E
By BHRICERT 2 AEF kR, BICWHET I/ T
HHN)T 77y (Trp) ORBRIEHL TV S
(KM1)o ) 2OIREEEL LT, BIRWLO s =V
B AARHESRE (SSRI) B—EDOEERTHELD
b ko b= (5-HT) % &7 Trp fLHHR A1l
RAEORERE I ZFTTLEIEHN S NL, —FH T,
SSRI DRI T A2 B b FE S FEL. ZOH
FHE LT Trp AHR D 5% Aiiii 2 40 9 5-HT #EREAME
e oTBY., Trp DRI (90% LL 1) % REd
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5 F X L= 2 (Kyn) fE 2 R & 2 AN ORI ZE AN E
NTCWrEHEIETFONSE (K1),

WA Kyn f&E3O R TH 5 Kyn Dk 4 %24
HEERAS 222255 (M1, FiZ, OF
vy —7xzar (IFN) BHFEOREHO—>2TH % 9
DFIEIR D FENE & HMLh Kyn 2= OB INAAHRE 3 5 =,
@ Kyn DIEFENIE G2 & - TH OBATEIHD G| X2 2
ENDHE,S. TIFN B D DWHIIE & i Kyn &
oMl L OMEMEINEH SN TWwb, LA L. Kyn
FEAE OB 121 Tryptophan 2,3-dioxygenase (TDO.
TS FEE) & Indoleamine 2,3-dioxygenase (IDO.
YRS B D 2 DDOBERENFET B 720 (X
1), BHEANTEL S OBERD; Kyn EEAEICEZETH 5
DH? L IFN EHEE D DI OFEICEE TH L DH ?
WEAHTH - 720

ARBFZE Tl EBMEFT 2 6 2 IFN &5k 2
BlF I Kyn &= OFEIZxF 3 % TDO & 1DO @ in
Vivo TOHEIZH ST L2 HINE L7,

(5 &]

TDO & IDO D& % D BT RIF~ T A7 5N
BARE—EFE. AT o< AREOREIC L -
TREEM L. 15-18 Mg DM~ 7 A % FEBRIZME L 72, A4
P AR F 7213~ Z IFN- (5 x 10" IU/head) %
K ANCPERENSR G L. 24 BERI RIS AT, . AT
it % BRI L 720 CH7BI6I ~ 7 AL WUE{b i3 (CCly)
G L, AMIFREEFVEER L, BRI TR
b ONCMAEZ BRI L 720 F 72 Trp AP ERR L L T,
C57BI6) ¥ 7 AN A BRI B3R K 7 & I IFN- p & 7
L5 L 721524 B $212 3 FEAEOIEFE 0 Trp ¥ (0,
5,10 mg/kg) = REEIRTES- L. 1 RIS IMEE & i %
PEHL L 72 Real-time RT-PCR. Western blot i3, [# 3%
W E S 2 T, &~ AfED TDO (iHiE) 7%
5N IDO (i) D FEBIZEAL & AT L 72 £ 721
Trp a3 HPLC-UV/FLD % M\ CRERT L 725

(4 #]

AEFRSEMT (M 2-1) 1 TDO-KO ¥ 7 A TIZE ARl
F— 22T, IfiH Trp & 7% & N2 Kyn &= AYEH
FNHM L 720 —H T, IDO-KO ¥ 7 Ald, PR
HWARTHEZEIZIMA Kyn =A% L7225, M Trp &
WEZEALL o 72,

150 ~91, 2012

[RUTRo7o Bz |
0 = (5-HT),5-HIAA  # U/ ARk A F— LB
b ™ t 7 (@

cYZFE272 (Trp)
(a)

Tryptophan 2,3-dioxygenase } L Indoleamine 2,3-dioxygenase

(TDO) (IDO)
| [FFHE, RILEV] [FF i LASY D 4B A8, S35 D SETEAE)

XX L= (Kyn) - FXL=UE
¥
EFAFIERLZY,
*/ Uk
i
NAD+, energy
(a), FX LUK (b), £O FZ U8B (0 T VAT I R—Y 3 VR

X1

K2 #HAkoFzLo

IFN- y #% 5 (M 2-2) : 7 A IFN- » (5x 10* 1U/
head) % #%5- L C 24 BERI #1213, IDO-KO ¥ 7 A [
T RNTORET, Mo 1DO {EHPEATEEZ BN L 7225,
JTHE > TDO {EHIE T R COBETEAL L o 7zs 2
OWy, BARIZ 5 NI TDO-KO ¥ 7 A I H Trp
| L. LA Kyn &A1 L 720 — 5 T, IDO-
KO ¥ 7 A TIEIH Trp &7 5 NI Kyn &(321L L 7%
nolze T2 IFN 5% OB AR & TDO-KO ¥ 7
AZDIH Kyn =m0 % S 5 & IFN 12 X 5 i
IDO OIEMEALIZFARE CTH HI12H b 59, TDO-KO
<7 ADIF Kyn =38 E T 2 FH25H 5 212
%ol
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CCly iFFEAMENF 4 (X 2-3) : CCly #%5-% 24 B§fH T
FGEDOIRETH 5 ALT 2SBHZF ICHIN L. 72 BRf £
THHE L 720 CCly B s VESMERT 2205 (514 24-72 W
) 12i%, o TDO if 4. TDO & F'E /Tdo mRNA
DFBIENHADT A EDHAL NI R 572,

Trp B EER (M 24) : ARTVLEGHOK <Y A
MO IDO EHHEICIZZES L WIZ Db LT, &5 L
72 Trp &= (2KAE L CHL i Kyn = 25800 L 720 £ 72,
IFN- y 7 L5812 ow T, o IDO iEMHALIZ &
YUACRABEFEINLIZLEDLLT, &5 L
Trp &=I2KAF L CAEICIH Kyn mAE ML 72,

(£ =]

1. AHEMEAT (K3) : TDO () A E i
TrpEZ i+ 5, 2O Trp&EI2IGE LT, IDO (JF
HLALEK) AR Kyn ® 2 TS 2 2 £ A 5 21
oz,

2. IFN- y 5 (0 4) : IFN- y #5102 X % Tl TDO
DB TDH A%, IDO I (A KE) T
BHEICEMAL SN S, 207200 VMO 1IDO
&5 Trp 225 Kyn ~ORFH 2 M L. IfLH Kyn
AWM T %o IFN- y %512 X 2 Il Kyn & O
HNZiE, IDO DIHHALLIHTH % o

3. gy L R I3 O TDO i A S %o
ZO7H, FHETO Trp R#2smA L, s 75
MR~ O Trp St 2s88m L. IF7bLRk T o

o e

©50 ~91, 2012

o e 1 o e e e o T e o 1 o ot o B o o B B o B o o o

o
;T"p@ooo o

SLREBRIIES g o
Rt v 4

- h
S

Kyn A Z RS 2 T REME DRI S 7z,

4. Trp AT - IDO WEHEASFRE DY A&, %5 S
7 Trp ERE AR L CL I Kyn 253805 %
HHPW S 2% > 720 TDO-KO ¥ 7 AND IFN- y
B GEBOER L SbETEZ L L, H Kyn &=
OFIENZIX, IDOIZHA T, I Trp =& ZF % 3
I35 TDO b HETH 2 FHATRIE S N7z,

MlEA 5, TDO & IDO &, [ Kyn & il f#l |2 52
T HEE S TW B EDHH S NIk o726 IFN G
DS EI NS CHFLETIR, HEEIZL > TTDO G
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PEASIRA L. Z AU i i e iFA R~ Trp HiEA
L Ryn EAEDTLEL R T VERETH 2 HESTHE SN
%o IFNJBEDBIG SN &, AL D IDO 257
HALL, S5 Kyn EADTLHET 2HENTFHRI N
(K 5)0 ibk2s, 1 Kyn 25800 (IFN &2t 5 o
W) DYAZ T 77—, LT, IDO DIEEAL. FFHE
TDO GO, 7 & NI I Trp & OHANIZ
T HLEMEDTRIE STz, SR, R R % ik &
LTy TR Z 9 OFATEN] 2 TIFN &M D 59 ]
12 TDO & IDO 23759 2 2 DWW TGS L 72\,

[ ]
RPN ER R B R > ¥ —
¥ —5 - EEIZ % 5 N2t v & — BB BRI
DIAEERML F L7ze RBKS: A E—Hd%. I
ERIRSE T KIS S i THE £ L7z,
RIFZED —ERIT TR 23 B [MBINED & % HEaFlh s
Whge] OMZIRIC L VRIS 5725 O TT, M
LR L EFE T, FARERICL > THAE—2EY
TVE (2011 AARA LT S) 22EBLE L7

21) EFHEMBEBROEREEHN I -ILHREDE
=

WRARE BH B2

(B BM]
WikOESNL, ZOWERDO R r =2 L5, il
DL > TSR TELEELLNTE L, L
WL B, 19 R EE2 6. 20 TS IEHIZ 21 T
HRINT M A REBREFFEICLD . FIZETFRETFO
£ AR RO BB IXH IS TIdRER T & 7
WEEL E2E) ZEPHLNE o TD XD LM
RO EE) 2 Lk 5 57201258 L TEX7200°
BTN ThHob, FIFEHVTIELDTRABTE
HEEOIEDS Xk, mFIES T LI, H#)%T
FTFESN AR kA RETHREZTIERIT L
PHLPIZENTELZCOETRS EOFHEICLD
AT RO EB R § 2 HFEDO R 5T,
FNFETME L NWERTHLEEZONTE, HZE
WX AEAD FAEEXRONL I L E o7,
o ERMY ANTETFHFMEZEL, DIEMd 2
WZETIE R L M2 AR S HEAE R BT %
RLT-Cii/z SN/ TH L EFERENL, ZOHEZE

:50 ~91, 2012

1 DRIF DI & 1S B 224 2 55 FUBETHI |2 ) )3
HYA2ZE2@BLTBINTE, &3 — VAR LD
N5 (E1) YV COMBIIBNTHEREHET LB,
CNECTHEM LD L LTHbRTE LA L%
A5, EEOEREMOMEIZL Y, BEFREFLD
bIEBDPITKE LRYEDOEEC B VT, BT HENW
BT 5 EATREE 72 5 720 BTG
WZHED R BIE, BEOMED F-MENICHESWTE
D, BFHFICE > CTRABATHULENR DL, DL
BETIES TR ANZZBERD, 7Y I — VAR
EDLEI BEREESLLTOMTEBETIEZ (., Bk
DN D, £ 2 TARIETIR, BT HFMEZeE R
A ER T RTRLHEROICHERT LI L2 HN
45,

[/ &l

INFETIC, BZEOHNZEEIZL > THEEZ S
AL Y I — VRHEIE, Lamoreaux 512 X - CTH#i
WashTws?, 20—JT, BIHES 12onT
ISR 2 LI W S TR S ¥ 2 LBV H 5 72
O, REBHIEN TR, 22 THEKRL 1L, FEB
DILZERZFOBEFRE 2 BB <& 2 b ) (2, #B{mE
A AW EGEET EICBWT, B Y I — VR
CHEMNT 2BIR 2 ERT L HERIRE LY B5E
AIEIE, EBRICSERBEL B2 HERORICHTES
WHBERAHIHT L2 EDUERTHY . 7Y I —VRIR
AMGES 5 FCHBN R ER L b LHIFFS NS,

1 #YI—-LzhE
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(fERESEDEE]

ARifzeCld. BWEEREKEZ HO-FEET RicBw
Ty BFHFICIRS 5 ) R 2 B B 2 RO R %
REL, SHRITEIC, ZoEERHVwEFTIFMN
BB SR TR ICOVW TR 2 D 72\,

(5 A3X#E]
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4 ) T. Fujii, S. Matsuo, N. Hatakenaka, S. Kurihara, and A.
Zeilinger, Phys. Rev. B 84 (2011) 174521.

22) MEDEIEER D OMEM/NBRANDFE .
arteriolar narrowing M RE(C DWW T

MERKRE =B fEE

[(AEOEF & BRI
37U F— ¥ — OyMEBEIRTIE, ARIMEROIR
LN IN A =T —OMENTTRNSE IR
LY R R T T OMNOFERIE, RILEKO M55
DEINORE) (v 7 ~3R) LimEORN LD bk
MERDFTWNDEL RBBRTH L, THHDOIRIC
LD BUMERNTIZ, MO IZHA T 5, Zh
% Féhraeus-Lindqvist effect & FEUN, /MG 5 Cld b
D) ZTEERFEHZRL TWL, KL DEITHZ
(Takahashi et al., 2011) Tl&. Féhraeus-Lindqvist effect
DOEMANER LIS 270123 32— 9 V&
Ba it a2 MEBE AW TRUMER A Y M T —
7 WO M £ 2R % B m Gl L 720 £ DR,
Féhraeus-Lindqvist effect |2 & U Mg AR =1L, 2D
NN S DIZHARA4BRERPE N EATRE I
7oo Fio, MAEBERIGTIO 7 4 — N3N 7 OB S
NN N 1 Y N 111K =17 2R 1) [ N SV 1) T
T PG & A EIRE T o MAEILRHAR AP S
N7ze OB, BIERBRBELFICAS NS
arteriolar narrowing. nicking. <° venular dilation o /&
FIREMFEELTWE LIRS, SO END, it
NOMERPUF5-3 5 MEEO LU IMEERIZ &
DEH) BB E 52, T OAMENERIZONT
AT HZ LX. TF - B - GERNR L FHi o T
AHZERE %D ZEDPHIRFINL, £ 2 TAMET
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1%, MEEBUNMEE R Y BT — 27 TV R IRIINEFED
TALDIEIRENEICE D L ) BB b 726 0% $fl
Yialb—ariEr v,

(7 &l

777 I VEEET HB/MERINE S Y b7 — 2
E. 2 BRIk sEr, =1+ $ 5, 22T,
Mos Mg (BUMAE, FIMEOWNEE  m 3B E R,
BRI 3, 2% = ™ 4 % (Takahashi OE71)
L = 4™ (Murray OEF V) O I aL—
Voa UREREIERETT 5. lkiERm (2.85 £721%
3.00) &, Ay b7 =27 ORE R HIET S, Takahashi
DEFIV T IR 285137 5 7 # vkt (1.70)
IR E 52 B =74r" DT T Y FEE 115
DEEITH %o Murray D4l FE %L 3.00 13 a8 M £
T XD EM SN S (Murray, 1926) . % 72, Murray
DEFIVTIUMEEZ 1=9.084r'° TH.2 5, fit-> T,
Gl % 2.85 @ Takahashi @€ 7V 1%, 3.00 @ Murray
DET VA, BALMERS ) THES 2 & e
B %0 FMRBIENO B E N Z KD 72
O, A T — 7 EEOMERREILE TV CTHE—IZ
B &9 AR%E9.084 ASPLE STz,

MIEOME A Y N7 —27 EF NV Tld, BEOIMER
2B B IR (f) & MFRE (V) 1. KA TH R
b f(r,)= v, 257 v, =v(5 rg)2 287 =
2Ty 29N 3L (order, g) TEE & NS FNARLO
M. 1 (r)=0.043/(1+4.29/r)? | X BRI O MLIE D H, A
RS, IR 1 (r)=0.046/(1+4.29/r)° Td b, *
oy BMEFEE T AL MBI AANET A F 3 v 7 A,
Poiseuille D AP=8ulf nr' X 0 sk 7=, F 72, Ik
(I B ML, Sulf nrftFEN D,

PIalb—3a TR, MEREAGEIIR I E 0
HIBY IR O P34 1H 25 (d;=2r;=108 pm) & P34 IfiL i 2 i
(V,=2.055cm/s), HEHE A O R T T 00 A 7R 1A 2 LA
47um) OAREFEH L 720 & v 87— 27 2ROETHEIE,
it = O PAFHI (conservation of flow) & R X A 2.0k
HIJ (Hagen-Poiseuille’s law) |25t > 720 FEfIE. o175
IZF# A (Takahashi et al., 2009, 2010, and 2011).

[fEREEE]
Takahashi & Murray O € 7V 2DV T, HER BN
TEBEAY N7 — 27O MRV H )V KL, e
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R4y b7 — 22 4 AR (F—%—) DMmERKL
GIERA v b Z L TP ROBMIME R Y 8T —2
No%b, EEOMA g2 B 5 MEBEIE, 2014
ERINL, MBERA v b7 — 7 K% ME AN E
W5 DICET 5 B IR SRR MCT  (H
. 289k o7,
MEDKSRESINELRLMETIVT MCT 25 LI
e BEEIE. Ay T =2 NERIS BRI EASE U
Sl FE A NI ORERSRER L 2L B,

{2 MCT, mean circulation time)”
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-
—

DOAFRIE, MCT=total volume / input flow & FZ &5,
BA1 %, MEERUMEER A v N7 — 7 NOMEEE & i
BREOEBZRERLTW S, Murray ®F 7V Tld, Il

TOREEAS M IS B9 5 720, My HEE & 551X
HARBIARIZ % B — 75, Takahashi @€ 5 )V Tl&, Il

‘+

TR EAS (O 2Bl B 2z, IR & A %
WFRGIMERT, EOME Y A X8I 5 MR
FPE D E, Takahashi ® E 7V 2B\ C Bill (1984)
DOFET S invivo T—F L X —FT 5,

5 MBI ARIRH
. 1 1 ‘ 1
—— Takahashi’s model
2.0 e N e Murray’s model F R S A 7

MFEERE (cm s™)

0.0 ‘ ‘ 1 | i ‘ ‘ ‘
140 120 100 80 60 40 60 80 100 120 140
NERE (ym) mERE (¢m)
1 IMFCEREE & MW & ORISR, £, Takahashi €7V (r285 ngls + ;ﬁs) BARIE, Murray €T
300 300 3.00
( g+1 + rg+] )
10 #HSEh AR A R AR B
1x10 : : 1 1 ! ;
1x10°
O | | |
+  1x10° ‘ 3 3 3
E Takahashl s model |;
I T o Murray's model |
€ ‘ ‘ ‘
E | | |
= 1x10°
24 3 3 : : 3 :
g ixi0 : : ; : : 1
=
!
; A N S R N AN N R S S
140 120 100 80 60 40 20 5 20 40 60 80 100 120 140
mMERE (um) mERE (um)
2 FEAUICKT 9 A MBI & ME N L OBfR. FEMIX. Takahashi ®E 7V (rgz‘85 = ngf + Zfls)o =y A be
Murray @€ 7))V (r;‘oo ;flo + r;flo)
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)
)
£
£
-
H
g ‘ ‘ ‘ ‘ ‘ ‘
TN SRS S SO NS S
3 3 Takahashi's model
s ----- Murray’'s model

10
140 120 100 80 60 40
mERE (um)

80 100 120 140

5 20 40 60
MmEAE (um)

K3 kT LIMENTE L MENEE OBR. E#IL. Takahashi ® €7V (r;'85= ;ﬁ5+rg2ﬁ5)o B,

7 +7

3.00 3.00 3.00
(l"g g+l g+l ) o

Murray @ €7 )V

213, WEMUNMEER A v b7 — 7 AORADIL
EEPLE MEREOBMRERL TWa, WE7 IV
BENEDH C 72 2 IO ATEN IR O FRBTUE R 4 1238
Ly 40 um A3 5 28U 3400 L 720 Takahashi @€
TV D MERITIL, Murray DEF VIR 20 2 7 1
YU EOROINE THEPIZEWNEEZ IR L7z, WET IV
DA% H 1%, Zweifach & Lipowsky (1984) @ 7 — % |2
BT 5%,

MENEOZAIZ, MHEIIR A & MBIIR AR 5 12 AT
BRI T B A5, W B IS 6% Tl AU WA
L7z (M3)s CTOMEDRAIE, MEFEDHAI X
5 MAERILO N & MAEFARTEE A $ 5 M O 4
P (Fahreaus-Lindquist effect) 7% 72 BN 12 7% -
TWwa, LaL, BiEBEMIMmE TIINELNLL I 78 »
EPRMERY A XNZHAF 40% (3 S 720, A
IRAFPENZ P A B MR 1K) SR 2 IR MR D 22T &
a2 & B3P (inverse Fahreaus-Lindgvist effect) (2
Lo T, FHEPHEICR > TV D, BMMES Y +
7 — 7 Uk, BRI BT B EERITEIIRINC T
BRAEIZ 22 > T, BMIMEDOFEEZ 5 I 78 VITHRE
L7275, BAMEIIRA> & OBl IE O 53 Ik % 4 55 EAT
MAEERER L7722 8128, BABIIRO W
EBMIMEFEOWTTHEAK & < %2 5 72 DITEIHREDME L
MALNDFERE 22> T b, Takahashi ®EF )T
(. I EMILE ME 128 25.9 mmHg, Murray O <€

7OV OB N (£ 29.8 mmHg. 3L 124 B2
PlEO#BANCTH o720 L L, F—mERTOME
EORETIX, MEIPTLATE V Takahashi O E 7 LA
Murray O € 7 IVIZIER A Y b T — 7 R CHAE % 7R
L7z

HEE H B ERIR T O )12 (driving pressure F 7213
perfusion pressure) (. FEM/NEBR S Y v T — 2 A
DIMGE % RS 5 720 IR FEJ)TH Y . Takahashi
D E 7V CILIEFE 21 mmHg. Murray @€ 7V Tl
I 15.8 mmHg T& o 720 T 7V DG 71T,
52mmHg & 7% 57z, ZHE. Murray O E 7V D
FEH M AN 25.9 mmHg 2B O(E 72 & R E L 72 BE,
MR MEER & v b7 — 7 WO R —/igkE % [ — ol
TR X o THERF T 2720121, & THIR I L
CEWIME X 7 42 b THh 5 Takahashi D v b7 —
27 7 VIE, Murray O FE 7 V2R, SFEIGILE % # 5.2
mmHg NS E R ITIUE R b RnWZ &2 BEKRT 5,

BRIRIIZIE, IMVE O EDBEIN S % 58 (RImERR
INE, EREHE M R, M RN, & IMUESE 2 & [Leschke
et al., 1990; Razabian et al., 1992]) @ & 912, ML DO*K;
PRSI AE D A O MAERBTSH I L 72356, KR1E
BRIV 70 M & | VTR IS & o THEFRE S e 1T
X% 5\, ZOR, IMERIEZ R S5 FE L
L C, Poiseuille O3 L ) MEFEXILES L 2 EH
F 2 HNAD, KRiFFED Takahashi DET I X 9 I125%E
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FHHNZIMEREDT 72 o T LA T, ERERMN
HME—DHFEE Do BRI L o CEE D RIL.
EA I R T W B A2 o e ML B & FE O HEFE
WELRENTHLHERTHLEEZ 5N (Renkin,
1984; zweifach and Lipowsky, 1984), L 724> T, &
MM L OV C O GLE R I O 2 Bl & ARk TR
WOV B 2O FETESY —35 2 81d, MED
EHIZBWTHR EEETH D Z EAVRB SN D,

[#& &l
HEBUIMEBR A v 7 — 27 B 7 & RICMEFEOLE
EAMEBRENEIC LD L) R BEL b0 T2 BEY
Ialb—YarEr VTN, ZofE. SilkE
Bowd (EEOWL) Lizdy b7—27Tid, I
FIEPIEIN L AME L 7 A v b OFEELHINL
72o D720, BN L~V TOWE S I 7%
ERE & RE A MR 2121, BHIICAE ) ERE
DMAS VL % 5o ERIGH T, BHIMER TO
MEEMBEDOE=Y —DLETH S EIIRESN
726

Ei ]
AWFFENL R 23 4L BN D B B R FL e
WFZEE B A TH 720 IS0 K D G L BP9

(51 #Ek]

Bill, A. Circulation of the eye. In: Handbook of Physiology.
The Cardiovascular System, Microcirculation, edited by
E. M. Renkin, C. C. Michel, and S. R. Geiger. Bethesda,
MD: Am. Physiol. Soc., sect. 2, vol. 4, chapt. 22, 1984, p.
1001-1034.

Leschke et al. Blood rheology as a contributing factor in
reduced coronary reserve in systemic hypertension. Am J
Cardiol 65: 56G-59G, 1990.

Murray, C. D. The principle of minimum work. Proc Natl
Acad Sci USA 12: 207-214, 1926.

Razabian et al. Increase in erythrocyte disaggregation shear
stress in hypertension. Hypertension 20: 247-252, 1992.
Renkin, E. M. Control of microcirculation and blood-tissue
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Michel, and S. R. Geiger. Bethesda, MD: Am. Physiol.
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Takahashi et al. A mathematical model for the distribution
of hemodyamic parameters in the human retinal microvas-
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Takahashi et al. Theoretical analysis of oxygen consump-
tion by vascular walls exposed to hemodynamic stress in
the human retinal microvascular network. Trans Jpn Soc
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Takahashi et al. Effects of changes in the apparent viscos-
ity of blood with vessel size on retinal microcirculation:
significance of the Faharaeus-Lindqvist effect. Trans Jpn
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23) YU RAH LV NEBEERETYS / LD EM

MEBICEAT MR

WrixRE BTHIE—

Hx - BAY]

ALK TR % REIM R 2 546, WEI
WARE R L DR T b b — T, FEHE
M CRIBAAES 5 720D T & L CHkERaRE:
PR CE D, LALBDS. 7 ADBKETIEET
=i (25C) CTREFLZSE. RERE2 S 1 H
DIA CHEF O gk g hsms 2 Vo S50, @
DFETER L 72~ AT % 50C T3 H
BALEL$ % &, DNABELFIE SN L VY, KifFs
TiE, v AE3e METFOREREL. ZHEEOT
YT FLFEER & LTS T B O b
Lt — 2% M A CHAGHIE L 7o Z ORRERIRNE T
sl A M LA (50C) % 3 HG-2. ¥ DNA (2
HELBHED LNV & F—Hil 7 VESIKEE (2
A9 N7 wvA) AL VN, SllE~ T AR
R T ORREZHOLICIRET 50

(Mt & HE]

1. %&F

7ML E o~ 2 (B6D2F,) O HiHE FARRE
A SR L, 2 008 A % 1.2 ml O3k iz
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H ¥ [50 mM EGTA + 100 mM Tris-HCI(pH 7.4)] ¥
WA 4 v Fax—3 3>y (10408, 37C) L7z
t MOKEY TV GHA v F -2y
(B37C) ¥rZkickoTi ks g, 20 05ml % 2
ml O FAEFIE A E W Z &4 15 mlELF 2 — 7T DJE
HACE P ICA, 52100 A v Fax—v g v
(37C) L7z ¥ 2B LU MEF LB I, EHI
THEELBEREOLE 2 1ml 2RI L., T
JEVZAE L 72

2. (bR ENIE & BT R IEE

Y AT R BGEIRET A %A, S AL 7T HIME
B (4C) L7 TRETIC, AR i ia
L7z oa—2R (Sigma) $723EEET Y72 (&
HIA) BEERMA, 2001 ml % FAEZER T
A7~ 7 )V (Wheaton #) (2N 2 CIAREE 3 T T o
() Lice T AT v 7% BUEE IR (Labconco
B) 2R L CHEZEREE (4REH, 40 x 107 ~ 80 x
10° mbar) L7:t4. #&HE L7z,

b SRS T O IZ BN L 22 O TR
W R T, B2 R 1R 72 04T, BRI
TV b a =R EWEET YT (FATA4) &
Nz 7215 FERSTIREEZIT 572,

VHNR UC HlE A FIREm e ATV A Y~
ANV T % 42— b (MMS) T2 BEfJULEL (200 ug/ml,
37C) TAHZ L&, Bl iEiE %72,

ey

C

3. DNAEEDHEH

HASHZIERE T O DNAGEZ RIS 2720, H—ill
for VESKKEE (2 Xy FTvRA) 0%k
BATo 700 BUEWIERT 2 EOCHTTAT VTV E T Y
FMLCTa-73I7—X (FHT4) BHildDLVITER
KTHEMAKL, ¥BFBER TS, 50C @ 1% 77
0— 270 ul K& 30 ul iz <& EA
Ls A4 FZ7FALRIZHET LThHN=TF A% DT
72 NN=T T ARBRELIZATA FERZ MIEE
PRI 2 TR PRI R & > 8 7 B % i i L 72 1%,
300mM NaOH T 1 43 7 v 7 V) JE % 1T 5 720 A
Uk B 13 TAE buffer i T 10 77 (12v. 10 mA) 1T 7%
v, FEF DNA OFE)% YOYO-1 iodide (1~ E 1
VrY) BOIZEo TR L, 7 — 7 = T OfFHT
> 7 & (CometScore Freeware version 1.5, TriTek) %

©50 ~91, 2012

W, BT D DNABED L)L (% tail DNA: percent
of DNA in the tail) % ill%E L7z, mimA L& (50C)
% 5z 72 S VRS T @ DNA 15 & £ 1X. Mann-
Whitney #5E (p< 0.05) |2 & - CTHELNETH 5 i
4CC 3 H MW L 72 3SR 1 & i s 7z,

RS LUEE]

¥ ABAERIEKE T & 4C T3 HREGE L 723 A .
IM MO —2F7232%EHZET Y 72 TEHEL
ToHAEH IR I3, BT B LW EZMA T
(CHARERZ M L 72K (RN & [A1%E o DNA 1GE L
NV ERLZ (M1 K2). —hH. WMwEEzmA$12
ARG IR L 2 ICERA P LA (50C) 23 HM
H525E, DNABEL XLV ACTHE Lz & X
Db 4~5REmLZ (M1, M2, L2aLl. 1M
Ma—Z2F7203 2% H#nE T v 7 22 TR
L 7o RS EZ IR RS T3, M EEMA 2 WHE LD b
DNAGEL NV BEL 50— REIZETHZS
n7zzers (K1), MPWEICIEESRA P LARPS
HREZIEE T 2 FHMEBH) . LrbEHET V7
S WEERE LTSN TwD Lo — R LA
ORI & D OWREE D RIE S Tz,

T/, o= RLWHEET Y T ke N EGEE R
AT L C b mimii P 2 815 S 2 2 W REMEAVR S 1
7eis (F—y RKIGE) . EBROEI DL bH Y,
SRIIEET Y T ERBET VT EORELE

T

HELFET (MMS JLER 285RS)
U ##tes1% (4°C. 3ERD)

W s4Es542 (50°C, 3ER)

* *
206 EH/E 1ML/
FoJy  B—R
K1 EHEFy Sl bLoag— A TER L -3k
HEIERAE T O IALER (C) 12 & 5 DNAG EF561:
DNABGEL NIk, 3 EOFEEBROFIHHE( 1

FEErd 7210 100comets) & SDTRT, * Mann-
Whitney #7€ TH =7 (p< 0.05) H» Do

*

DNAGZEDOL AL
(% tail DNA)

- R
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Fresh
FD+PS, 4°C
FD+PS, 50°C
FD, 50°C
MMS

K2 ~I72AfTFoaxy Mg
Fresh : #7 fif 72 45 7. FD : B 2 I8 A5 1.
FD+PS : 2% B8 E 7 > 7 v CHAGHIE L 728
TV MMS: XF IV RAE Y ANT + H— kN THL
(200 wg/ml) SN7zHEERRE T

DIHMERPLETH Lo MA T SRR L IR
FH NS IR e 2 R S e 2 e TE 50N
IZDWTIE, B IBAE T OGO ARIE T & SAEIN O
FEH R A D T LI o TIEMEICFHMEITE 2 b 0 L /L
HNbo

(&3]

1) Kusakabe H: Chromosomal integrity and DNA damage
in freeze-dried spermatozoa. Reprod Med Biol 10:199-
210, 2011.

2) Kusakabe H and Tateno H: Characterization of chro-
mosomal damage accumulated in freeze-dried mouse
spermatozoa preserved under ambient and heat stress
conditions. Mutagenesis 26:447-453, 2011.

3) Kusakabe H, Kamiguchi Y and Yanagimachi R:
Mouse and human spermatozoa can be freeze-dried with-
out damaging their chromosomes. Hum Reprod 23:233-
239, 2008.

4) Kusakabe H and Tateno H: Shortening of alkaline
DNA unwinding time does not interfere with detecting
DNA damage to mouse and human spermatozoa in the
comet assay. Asian J Androl 13:172-174, 2011.
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24) MEMHEBIEQIRBILE ICS (T 3 #FMRE

D A H = X L OFT E A BEDIRER

mERRE FAH B

[FAZRRRDBE]
(%2 B /Y]

PR 5 Z= A P SR AL (ALS) o ffE B) =
2—0y T, Iy I VBEEE (GUR) ©9H b
AMPA Z KDY 71 =y N TH 5 GURZD 7 )V ¥
IV (Q I 7vF=v (R) HBALD RNA i & 5
P HBSFRA - LRI T LT b 2 L s
EN/zo AMPASZHERIZ 4O T2 =y M 5%
L4ERT, ZOHERYy Ty M RCED ]
D OFRER GIUR2 234 L 2 17 uiE, ca®* A 1
AL, MEICELZ LML TS, fiEo T,
GIUR2 Q/R AL RNA #i 3RO T S ALS O E B =
2= YIDOFENRCEG L TWwE EER HENT
W5, GIUR2 Q/R EBAL D RNA fia £ 1L F 12
deaminase acting on RNA type 2 (ADAR2) 2 & - T4
b, ADAR2HME R A S 5 AL ALS I8
FAES =2 — 0 VA EHIEL 9 S REEYNH S &
Z2bNb, BIEL T, ¥ 2N GIUR Y7122y
b DBIZFHBIE N RNARER 2L E L 2 L
PHE I N TWD, 2T, GIluR2 QIR R D42
HE AR 2 M L PL) DEDOFEFBAL O RNA i 52581
U'RNA i\ Z B EIR T D FEBANO B 2 Bigs L.
ALSTEIRE L 20 ) B HEADOA 7 ) == T % $ 5
ZExHME L7

adenosine

LI wap

A7) ==y TICHCAEEMBE LT, AT
TA DY T DT DD O GIUR2 QIR FBAL D A
&t I =BT (preGIUR2) % Hela Al g |23 A
L. AZ I FERAL O RNA #8538 % 50% F2 5 12 74
fii L 7z Tet-on HeLa G2m #iffa 2 VERL L 720 $1 9 D #l
L EIRWE o b= O AABHESR (SSRI) (X
fluvoxamine - fluoxetine - paroxetine ® 3 ffi, o h =
YT L) Y EEY AAMESE (SNRI) T
(& milnacipran - reboxetine ® 2 fli, =ZRRPLH O L
L T amitriptyline - desipramine - imipramine @ 3 ff %
Hwnrze F720 $19) DDA BIERIRHAA]. %
EIHIF 22 EOBEBOEH OG- b 1T o720 KEH %
10 uM LUT O C 24 R &y L 72,
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GIUR2 RNA i 42 DM 72 1B L T, =54 & 7T 1%
e A2 M 2> & total RNA Z 4l L, W85 5 505 12 X
) cDNA % /E# L, Nested PCR = % > C cDNA &
GIuR2 Q/R #RAL % & ¢ 5HIH % I IE S & 72 1%. DNA
ATV, HIREEE (BbV 1) 12X B BERALE % 47
o720 RIFERLD GIUR2 SIEAET A4, MR
GIUR2 TIZHBLL IR As i B 3 2 2 & 2 FIH
L. ZDafll%E L FHAO RNAFREREZHH L 72,

mRNA B = ORIE I LT, GIUR2 fiEFRDOH
B bAZ RO HEHNE LT, Real-Time PCR 12
£ 5T, ADARZ BRI BIR§ 2 BB I3 5 B
FOMKFEHEIL & LT, ADAR2/preGIUR2 It % il
L7z

[((EREEE]
1) GIUR2 FREXRZE1E

10 uM LLF @ paroxetine. fluvoxamine. milnacipran.
amitriptyline. desipramine. imipramine T control (Z
ML THEZGURZEEFTDO LA Z@B O &
72, B&JE %] T 1% Furosemide =%° Spironolactone, #t /E
# ¢ 1% Suramine <> Lomefloxacin. & ¥ #1 ] #] T 1%
Azathioprine D #:5-T GIUR2 MR D F 5 7 LA %58
»7z. ([ 1. A; paroxetine B; amitriptyline C; Furosemide

D; Spironolactone)

2) mMRNA RIREFE

ADAR? [ TH 1% % BR 3 % ADAR2 @ preGIuR2 (2
xF 4 %5 mRNA FHxT s Bl&E 2B L T milnacipran L
MOIEHT, TRTORETIE R WD, F OS5
BILOEFE L LAIRD 517z (X 2. A, paroxetine B;
amitriptyline) o

Tet-on HeLa G2m #ll iz @ GIuR2 Q/R HRAL O # 4 3
* b A S8 72%K O ) . fluvoxamine. paroxetine.
amitriptyline. desipramine. imipramine T. 3 X T O
JEFE T v b @ O ADAR2/preGIUR2 @ mRNA 5§
HIitoFELR LA %2, 209 5 paroxetine %
O amitriptyline Tl FEKGFHEOEMZ R L, 2O
GIUR2 &= L AERNE B I T AEER DT
wmILO LADES L Twb & Bbhiz, ZOMmo3EH
O GIUR2 M &3 P AMERIIEE I3 2 BRIt
HHEBAELOATEFHATE 20, TSSO
FEZDBEEG L TR E 2 bz,
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C. Furosemide & 72 & AGIUR2IREE L

100
75 1

50

* % hx

25 1
0—.—-—-—i
10

0 0.1 1
(M)

GIuA2 editing efficiency (%)

D. Spironolactone &% 1Z & AGIUR2REED L 1L
100

g
g 75
c
2
(3]
£
o 90 - *
£
%
o
I 254
3
o

0-

0 0.1 1 10 (gm)
1

)

Tet-on HeLa G2m #i g # F v, BB OFEHFIZ L 5
GIuR2 QIR AL RNA LR DZALIZDO VT A 7 1)
— = ¥ 7 L 7z, Fluvoxamine. fluoxetine. milnacipran.

amitriptyline. desipramine. imipramine, furosemide.
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X2

spironolactone, suramine. lomefloxacin, azathioprine (2
GIUR2 Q/R F’AZ D RNA R EZE D L AR 2780 72,
ZORFZOWTIEAM 2 JiEH 5 A5, ALS OGN
L L TOBRRISHOWREEDE 2 bz,

25) [E X AAE AR DR AL
MERE K4 AKRSHA
(B =]

LB Sl B ¥R (BASCs :bronchio-alveolar stem
cells) (Miife FREMsomMiie L L CHE Sz, &
512 BASCs (3 fili e D FEA B TH 2 2 & S 5 2
270, Bl DZAE X H = X LB O BT 2 [l T
o LrL. MiOMBLD 0.3% &\ b$ A7 4l T
. AR Y 2% 1) BASCs & W 7-hF5eid
RHNTW S, ARFFEIE SVAO large T HiLEE fn 35 A
~ 7 ADNifiA 5 BASCs &L 5 Z &£ T, BASCs D
e e L CoORMMEERIFELCE I REICHETES
BASCs Mgtk Z #7 L. Mo, HidosA D54 x
T = A L BRHEE DR IRR O 720 0 1) V) — A % Fl

150 ~91, 2012

Hy %

[RHRROZMNE S

SUE R B = BASCs 1E. 2005 4E, Kim 5 (2
LoTiR Lo THEES N Y, il bRz 2 35 Tk <
GET D &, MIRE L LMl OB AEE T S M
A SMiROBENKRI L EPTLENTWZ, 20
NoOMEIE7a -4 M X b —THEEL (CD45-,
CD31-, Sca-1+, CD34+ 43MH) . Jiifa &=k o#y 0.3% % &
D LML, & LTHESNS, —#IZ BASCs & &%
7o OB A AT & —E MBI LT 5 A ME
N TOARRD LR Z v, BlEE R THED
%\, Z 2 CARNIZETIZ. BASCs DASEALMAE % 1%
LIz EN T AV 22y y v A (E
& SVAO large T JLER T EA~Y Y A) ZfEHT
%o SVAO large T $UE OF A & 2 AFE b, <€
OFISEE OWRE T REFT 5 L vblTwb, 72,
SV40 large T PR OIREIE A RBIEZ T2 L > TR
FEAL S NMIFLIZIREE IS £ - T, 208, B LU
{LATHHET & bs L72A> T BASCs % #IIL O
BARREEL7-F FHlatkE L CREICHESE, Mo
A BRSO FEANE T BARMERE O T8RP I 72
EINFEFTRITRETH - DO DEM Z 1D 2
ENTE D,

[(EREER]

AREFFEIARK Tld, BASCs D4 BEIZE L T, il
Y= —t LTSNS ALDH FEHIZ L > ToHBEd
B &0 L TR ET L7,

ARPT O BASCs [ (il e & o> 0.3-0.4%)
(3 fiE sk @ CD45, CD31", Scal*, CD34* 431 & 1313 —3k
L. e, Matrigel AT LFEEIC X 2 Mg B R
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Control ALDH
#1 0.04% 0.4%
#2 0.03% 0.3%

Y= =B EHEREPTTH S, 72, REFEHIZ
BE L MR E o3RI 5 kA E L. SV40
largeT HLFE A~ 7 A 5 BASCs Ml ik # #3729 %
FETH Do
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& 8 fa )

Pk 23 SFIE TRAITED & 2 e bl Eiize | 7oy = 7 PRIEE
BAME DB LI EIfm &
BRGNS & 7B TE 7 T A & —168)

JN

i—ldz

EUBHIC

KR A OB & AT L CTHE 2 T g i gE
7Ty ey IREIE. ImIcw S & [lifEoH 5k
] PHEFEBHIRHCTEZR) 23w En) 2yt
—TVTY, Thbb, MPLRFAICE o TEEE ST
WL 72O DOREW O —21 ., EEIEEEI 0T
ENFTFoNET, B LY. WHEEHIE CEFER
WZWHME IR O B HEIRA G- 2 S, KEE T ]
ELTOBEFICOMINEZ IR T L. B0
WEEREB RO 720129 4 T ADFEBFIZLEA
RTHAHZERFIMFOEFHBEOFHRKTTHS., D
B0 A BFEL T2 EHLEFEMICH LT, K%
D [FA T AFEER (BB ] ot —IVAKRS ¥
FEfRTE L0 ? ZOBETH, RFEIIBITHES
WIREBIORE(TNEHEET L RERY v TOFER)
DEFEEIIIFFICH N E VW FT,

[FhEIE O & 5 At e g ] #fEiE. 2
DIEHEE ) T B S R0 BRI D —
DTY o SERNE [RFORZEMELZED LIFTnwE
) LW MIRERESET Y . RIRENIEY 7 A5
=BG ED E L (K1) FEW, K¥EIZ, 20
BEEZIT LD T2 E, 21 EEZ LT 23S
TuY s MIRESEED Y L w2 E L,

WfRIOn 2, YRS ES 2B TR 5 [HHFIHE
NBENIFR] 2. AWM - BEORS N7 )7 HA
KFETEDLIITHEATHL Y BHERIE AL 7

FIROIEAR [RENIDOER R EHE] & [0
78y — ADRAIE] ZHEIZEKRL TV ZEIZD&F
Fo WIHICEL T, < ORERBIIERICHGTT 5
WREFZCIE, B E OB 2 WA 7V — 7
EOFEHIZL D, SHITERWICHENERTE 5.,
HBH\ITH L WIFZE S — AAEIE L 2 25e 508 & v
VRS ) 3. BIE, IREWTE Y 7 A5 — 2R
T2 PlOKETOFET %M. BIRE L OV
A8 DI R E AN, B IER RITR LS b
DO, PREWFE RO BB I OWT, LT
BV EN, FADWEs T A -0 [HEH#E] OiRA
TbHHEd,

K1 BIE#KEZE REHRRIZXF—
IRETIE% F— 7 — P2, =D OEBEH#IE & LoD RRHE
JEFTIE @ Pl (principle investigator) 25 L T, #rL v [£
Mgl 7oy s MEAIEL. S5ICEHRMAKE Hig
LC. HHEMIECTHIgER BRI L T <,

FIINERFRS: M AE AR e i B 5% ) S I
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[EHOMZE 7 aYy ~ 7 F2EIETXBRE 25 X
I BWIGEY = A B WRIZETC T ] 21 FEER
LEDTWLFRAOWIZE Ty 27 P EBHLE .

MRE=R

#AMERE EEMMmE

AR KOIFEIRTHLIRE. €D 0% 1% LD
5 EMIMAE, 52 - FR & AR 4 1 E S B
AR IEIZHERE L 210 UE, % < OIS IE R IS A REAE
a2 L 3ATRETH S 2 &1L, EElE L CHfFT
Ebo LU, A B EICB) 2 BMINE o BEE M
DR EIND L)oo TELDIZ. T{HREDZ &
Thbo BHETIE, EHEEELMEELD L XD, O
NG, BIIRREAL IR R R I 2 & OB IR R 2 &
DR R R OFEIC L TMME O RE S L
TWE I ENRHLRIIR > TET,

D ET) T EERME

HkOZ CIZHARI D ) . I EERkEER O
B (HERREYETY V7)) 1300 Th L, 1BIE
BORRBIZHZ D HHMBORE ) ET) ¥ 7% b
7263, MBOBAREEMNT D L )12, £ oMk
WL DIFFEDSHIR W THIE SR TWwb, Lo L,
ZORBENRIER [t ] oMY A7 412
WTIFEHAARHTH ) . L2255 T, Mk S
Dl FER) 7)) Y 7B 5 %E L RIHTH
%o HArT. AR EFHERSE (vascular niche) A%
AR ICEETH L 2 &, BEMBOFEAEICBY
T\ MRS EMIE O Ff A 2 11 ) MR EIL O £ 212,
Z OB O Y & 7 5 BMINE OWMEEH RIS C
BHHZEPHLNIIR S TE,

BAEEREEEMMLE

J = NOVEZEOIHSEE DR S 7z iPS ML
L oT, FARE - MBTFENOILHOME,—E S
FoTn5, B (FLEAEK) MisoAfEAIZ LS
fEgs A" E W YT A TIE R W E2%hHh
> TEZBUE. VbW 2 KIROE R GFR L OB
FEORFRIZIT V- TEZE DR Do RGN 72 HAEF
AR OB D 12012135  OFEED S 505, Z D
THREW R BED O L DE, MHREE M~
FHEL L LI, FNTNOFAEMARIC BT 5 EMImE

192 ~96, 2012

AEUREREF LD L) ICHBEEL TW R ? v
ZETH 5D,

fd = EMMEDRT > > v L

JEAMAE (Pericytes; PCs) 1. 97 PN Bz & HE 0 41l
A, BMIME & L TRELIMEEZSCD, 25
NS R T 1) RN e A 3 - NI 1K= 3 % Y (AN Y=
555206 Tw5 (K2), i, PCs DH
23 R A (Mesenchymal stem cell; MSC) @ #%
REx & DML OFAEDH & 2 Sz FIEEREHI
B JEAMNE (MSC-PCs) DFEHIC LY FBMIMAE 1L,
Bz MEER] << T €70 ¥ 7 REE]
WCHEELRZREERL L, NS OKREMIIE, Kir
R ISR B OJRRERIH & 2 VI BLGE O B 5.
g AEEFICBIT 2 IDHICEN D 2 L s NS
(K2),

MAARR

EMMEREORIE S TR

PRI - BAIMAAERZEICIE, eSS R oMt & 5
M2, ZOEREZHGW L ODPDEENRH L, M ED
. B X, BN O MUERN CHEMEIC AT A 72
O, FBINBIECHFMAEE L <. BIZE SR L L Oy
(ZWICICER 3 2 M) LEfE % & oflfns
L, S 51T, N BRI RO Nl (ECs)
L JE Ml (PCs) (FFIZHirss i & 17z MSC-PCs) #

X2 MEZRBRMEBE—AMEREISEZTSHLVE
HmEDRE

EAHMENE: (ECs) DHMINZAT#E L T2 JEMIE (PCs)

X, BMIME 0L E - KEMLICEE 2 EZE T H L T,

Vi, FAEE RN (MSC) ok % FroMile (MSC-PCs)

DEER SN AN MR . L CokEpsilfEshs,
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BARW D ORYR L CFE - TS 2 HES R ol
RTH 5,

Az, AT TR X 2 5 b wF
7e CERC 21 4EFE ShAIME O B 5 ddnklheaifge) o7
2T, [EERROREEZEDOEMMERR & Z KT T
#iZ= ¥ % /% (CCT angiogenesis assay) ] % B3¢ L.
<7 A O FAY ML O B K % BBl
5T ERWHICL7: GRC L #RT) . 2512, A58
1Ll % B 2 IR EE s M SVAOT SR BB~ 2D
[CCT EMME#RR » 5> N #EB (ECs) . EI#EAZ (PCs)
fHAZFK. & 5 (C MSC-PCs #RaFRDRBILIZT) L7z (Fa
2 ¥eka) (K3). Fa B ICES L7z [RHEE
MMAEBIgE] L RIS HRMiakk] &v o
Wy —VEMHLTU To7aY =7 b2 REMLT
Wb,

EHIm EFEFF B OREEA

1—1 B inviro MEFHET v 1 EDHERE
PER @ invitro MEFET v £ 1 1E. HUVEC 72 &
KU RN % W72 F 2 — B v 7R
IS5 b DT, Stk BTN - FME
5 7% 5 BMIME R S S I L 72 ME TR % F-li 5 5
T o fze F 2RI HIRPI R & EA
HERNE L & OO BN HISNS L HI2R D,
HUVEC % F\ 72 M Fr AL BERTAl F AR 12 b K & 2 T
WTTn5h, Fald, BMIMEH KD ECs 3 L UFPCs
DIWITLT VHEERIZLY), ECTF 22— 7T OHEIC
PCs 7337 L 72 BMIMEFIE 2 B S 5T AT A
ERESE L7z AT, BRI HRe 2 R L 72
IR MAETER & i C X 2 FROMET v £ 1EL L
T, TOmMbE BIR L CHEEZED TV S (4EEFE
B, VIR UMERMAR)

O 1T k1

1—2 MERAELEFET 5EFORE

EAMIME OMEFES S IR % B S 2 KF OHR
2720 BHIME OLEA - b D@ CEE L
N Rz & B & O EAERICE B L7z, ERtoii
BT AT A% VT, BB & # L CE
MIMAS 2 LT b PCs & Rz & 35 il L Ty e
PCs O _HEM DE(AFHBELEz~ 17107 LA (3D
gene. W L) 1T & VMRS 21T > 720 BMIIME N
B L #efil 9 5 PCs W CHBEICEALT 2O #EIET

192 ~96, 2012

123 E L7ze & HI2SIRNA L X 0 BRI T %
knock down L 72 PCs & Wz M&E#HAET v £ A 12 X
BAZ) —= 7T, BHIMETREED IR T 3
HO0NTEFZEL TS, BIE, MHIFEH Y 27
LALFB LA, invivo TOMEHTENDFEL L
DRI 2 T30 TV 5,

70 t%9 2 MSC-PC #iRaD45 4 ##ER

MSC-PCs 1&. H & WKz & M2k L < [EHM
M) 2K T52E0TE (M3), ORER &
LTOBRY X7 LLQEMAEEE £ RIZT 2RI
(vascular niche) Z#2ft4 2 Z L1122 T, @EKEE
ffge L CEBMIRIEHGT 2MiRERTLH L, LN
© T, MSC-PCs 1%, #ikH EDOBATLIFFIZEH
Mz Th ). Mk €7 © IRICEIT S
EERUBENTH Y, FAEFRMRY -V E LT
MEcxs (M2),

2—1 HILEEDRENDEL S MSC-PCsF1 775
1) — DIELE

%57 ALiE % & D MSC-PC #R O i C, R ik 5E
3% (60 HEFCLLE) ¥ 2 % CHRIZHLREA R T ¥
Ltk o7z, Z oMtk SO 1 — Al

3 MHEXRE#MIE (MSC) #etzH I 2 AMak
(MSC-PCs) M##3r

T R SVAOT FUE S8 B~ 7 2 O KM B 5 5 .
NG2 BEtEHI 2 FE3# L. 2D HH 5 MSC-PCs Al IR % 5 37
L7z [Afifaix. Bl s X 0N MSC & L T OE# Y 70 i (x
F7u 77 4 )VE L UOHERMBANOZMLGE % RFF L T
Wb, 72, H—0 MSC-PCs 705, JEMIIZ L b A ANK
MR b Ly B L - B E B2 BT 5 22T &
E)O
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fatk AR L7z ZomT, RFENLR~— 7 —#BI5T
T 7 7 A VB Wb DD, L5 LREDFEEEHT
B8O OMBEHEERT LI e TE (X
4) ZOMBT A 7F1) —%HWTHILEEL V) B
B D L O oy o — CHifaEETT L A
HBSENT$ 2 2 LI & D BRI EE $ 2 BT
DI RRATRIBIIN A 2 EDTE, EBIZUT
DERENPT T 5,

2—2 MSC-PC #ilEDRIE - HBEEDRS
MSC-PC g~ — 7 — & L CH M %= RT3 5%E O &
ELC, ERtHieT 4 75 ) —FFIH LT LA fEIT
2BV TD MSC #REASE V> MSC-PCs (# 7) IH¢5
MICEEBR L TWwT, @ CRICHiRSBEHO~ —7
—fERiE LO) MREEORT &) EHTL4o0
BRI 2®E L 72T TIZ 1 20BEMEFI2oV T,
ZORERNHUAZ W2 70— A A N YITIC X
) MSC-PCs 12388l L TV A Z & &AL TWA, Bl
TE. FACS ¥ A7 2% T, RiEwi~—7 — (Fifh)
12 & o TEIRWISHLFEA & MSC-PCs 2557 BT X % 2
WA 5 & & b2, R ofile~— 7 —EfETIco
WTHRET LT 5,

192 ~96, 2012

2—3 MSC-PC #ifa DEr MR REMEFF £ HIM T 2
FRAFORE

[Erflifatgae ] ORE ((5) MSC# 7T # 39#9
() DMEF] (4)) TEALT 2 EETFRHE Y TAY
= NAT AT O ERE L A5 FRITBENIZRTE
TLEERNTHIER LT, FomEmKT (15 1#)
%5 L 72 SIRNAIZ & 1) 34 [T % knock down L
72 MSC-PCs DI ZE R LIREE T v A 27 1) —= >
Z1Z2 &Y, MSC-PCs D4 fLEBICEINZ 2 (LA B
LOHIH) % KT 4O0HHHETZFEL TV b,
Ste. BHNTOBRBEIRLEEL, Zo5 bk
OB RL T FETH 5,

2—4 MSC-PC #HB2\C & 2 R AEER D EZER

i, A5 R v 7 EFERRLEIRELEZ &590% O
BUREOEBREL L CBERENSEI SN TY
o 1BVESIEDIE R 2 B & U CTER ]
S TIAEHE] e Foh b, kLD [RIEM
faosEs | & v ) AL EDIT TR S LT 24
B THDHH. MSC-PCs DIEFEIZ L D BIERIEICH
VB IMEFEDOH L WEED RIS N5, EEREM
JaliE, S - SEIHIRIRZ O Z LS T»
05, FalE, —HOMEMAT O L5, PCsIZH
VT E B % A9 2 BLEREZR S R F- 285 58 3 L T
B EERML TS, 4k, KEOHIE & V) B

K4 MEEEH R4S MCS-PC filatk> 1 75 U —DIEE

EHOMAOH T HLEEAMET LT & 72 MSC-PCs 7 1 — M #lilld A & FREE, 7 1 — Vfllia () Bk 2 (R L 720 Z ORIk IR,
R 72 MSC R PC ~ — 71 —BIZFFHBUIKR E R EAD 2 b 00, muepbie o REFS SMllakk# 7 2. D Led™ i L7z
#3. 1 ZEAEHARED R oot 9 2 EHMIL S NTze [HE M ERE ) R L7227 0 — U@ 3RETD T L A HLEwAT

S -

i) 2 &

2& 0 mRiiaER R S A R R AR & CORGE

THIENTE %,
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T, BHREICBT 5 EBMINE O L\ iRE o] fek
BRGEL TWE 72wy,

BFhHUIC

KIS EDL  OFHEEDERI S TEEELHE L
T 2 GRS I B O TR RE IR A2 T ) C I Fr A F
Zeld. REFEH ST A HERSHO—>2TY,
ZOHF OB L WIS ITFICB T, ek, MELC
FIZE L7z — VA BRAE L CHFZERB L TWw2 9 & LT
WET, AOWZET O Y 27 b BA R EREEE
MEBICBI 5 [IEMEE - VT v 7288 5
DTSRI OS] 200 [FAEEEICE )72 iPS M
fa7 5 MSC-PCs #i# | T, WA WA ZEERISHIC
WD ISR SN T, MlEL S ¥ -0
JERBSEED TR S & 1) o0 RSt Bk
ZboTwieZE, BIfE, OIMEHET v A EOH
BIIHL T IR KA, @QK7T0y =7 bafik
B LT W2 DEREREOFEHDDH LT IE

192 ~96, 2012

77— —#H¥XEHEDERMRZHEFEV. L
BLUEMOZTEREZHFE T E T,

Eth. BEA B BIRTEIC BT 5 B IMAE TR N2
B 5 FiH A T-%° MSC-PCs D% ENZ DV, BREF
e T AY — D% Pl OIEET % K E 5T,
FLWIIEY — X E LTREBL TV ZE - Tw
T (K1) bBEHA. Kb dLWVIIE—LaR—Y
T R T —~ —IZEIR A b o T /z72wnizik
A & DILFERFZE D KRG T, ke BRELLTWE
D

WRICR ) F L72AS o4 OWIEEE)IC JRF L &
XHE LTV 2T WA EHRERFREZ 5 2%
HRHG - BB IRE OIS S SN E R
I BRESEEREE e T TR L vz En
TV EFEECTIIEIIROFEH R DL DAY v T
DA EH - LETEELIC, FIEHREDITHE
EBEHWELwE RN,
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& fa )

SERK 23 SRS [BITED S A2 EmBEAwisE ] Tu Y = 7 Mg
A% VF ¥ 2 NVEL T RERTIB Y AT 2 DhR L
Fx 2Ny =W - BEANDICH

[ERR= PO N
[ C S I
[(FEDE =]

AF 0 F X ARNVDOEFEIZL > THAHHEOEFEH | &
RIEND (Frrunsy—), LIREREZ T &k
S HEUMEAENRDS, DM D A &~ F v 1V
ETORREDERIZEDLZENELALENTV S,
—h BHIRERIRZ: EoBRME (k) OAEIRD
FRELTF ¥ ANVERTOERNPZOERRE % 55
b s N T, ek, BEOIWER (FEME R H R
R EARE N — X A5 OMAERIZEEERI S
N7 E 2 N TEOLIMERER COMOBEDE
WERIEDS, EIZZTOERL LTA 4+ v F v L IVERT
HBELELZENDhoTE, TNHOBEEER
RHICKFET A 2 L, 4 OFIEICTT b BT
HEBRIZE S TBMODTHEETH L, HIZ, TNHA T ¥
F X RIVEBIETERP EORICAEROZR E L CH
LTV 020 TIEA + v F ¥ 2 IVISHHd 5 HHRE
FHIY AT A% VTR A2 LEND 5,

(B ®]

ARFZERTMIX, 14 ¥ F v AVEETORYER &
JRRE & ORI ORI % . Bl A OHEFEIIT) VAT A
RS, BHET v A TXY — OB LB LB
FEORSENDER %X 5o

e B
ROH | T a5 I

ez koK k%
T

PRNNCN

(B ]

TOT 7 NOBERTLEZAIE, A F U F R
(ZBEFRT B HFSE % e L T 2 SRR 2 FE & AR R
2 GBI & DS EE LT RATIERCUS RO TR
DAYy FEEKBISHERL 226, 414 2 F ¥ 1
DR - FERERVFAT O 720 O ILFE FEER Y A T L Off
FKEHBETLIOTH L, TNUTED ., EBELXVOF
Y oA TXY — OF L\ BT G OBFSEL R & TR
THILEABELT S,

(7R R ]

(1) 1 F > F v 2B ERFRIREN S X7 LOHEE
T3, 20D FEE NI L 5T, AT Y
7 MO B DN Y AT O & ERRBIND
IS D720 OFRBEALIZOWTHE L7z, SElo 7o
V7 MTIE, Fr AUy —oERKE % LB TE
%@Hm# HOMEE L 2 b0 ZOBE, A7) —= v
TR O NTBIEFERS YR & EEIZEG§
% HOH, Eiot/gwi%%t%§&Wﬁ4V/
&L@%%ﬂ %&w®#%ﬁ%?éz£#@
bo TDIZHIC ER TR S 7 R
%Ahﬁht%@%a%ﬁ% IZRB s, BRAERE
MHEFEIZE D F ¥ A VOWEOZLOH L KT %
ZEDNERYN—T 4 = E L TRHATH S, IS
B L. ARPRepal i B ae B Tk, BT RIS

JENER RS AP e B A AR ) B
FEURRAREE DEBR - P - AREEWIEN R B

A BT A A e 0 BT
TR - BRI

SF T
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RO & L COEWEEENGA A > T ¥ 2 LD
72 & BRRERARAT ] 2 4T L. BRI IS ™ TR
RISHERE N L TEELS N DB A 4 2 BIEF v+
WEBSAEHFENTEICLIVEE L. 20 20
3T AARAER T & A Transient Receptor Potential (TRP)
F ¥ F V7 7 31— Canonical ¥ 1 7 DA
BHLTWwa L 2R, EHEL NV TZENTIE
#2720 TRPCl, TRPC4 F v AVl f-O 70— =~
I L BRI THRCTH Y . SRBFLEORE 7
OE—F —IZZNOHDF ¥ 3 IVEETFEIHA L, B
HFLMIE D —>Tdh % CHO Ml % F v 72 BT 53R
AL CEORBEMRT 2 %17 L T FETDH 5o
EREEEHNS, LR RKOFEIZES LLAEERED
- RASEENE 20155 EE 2 51 TWw5 TRPCS,
TRPC6 F ¥ RV T /v 7 77 b= A0l
JIZ BT B F v R IVEFTIZOWTHIET L T FE
THbo

A A AR AR BE B T UL [ ERROE
B & LT TRP F ¥ 2 VEFE D E & BB AT |
e L7z BARIICIE, E R OB RS
FEBL LML G Iz 5 0 i e ) <o 4 5 1 2 fl
B (>52C) 2 ko Tl L s N B ca®t EmE T
X RV DGFTARIKTH S TRPV2 F ¥ R VDS, Y7 A
MR O AR OB R IR RIS RET A2 L %
O L7z, F7o. SEHEE L 2B WT,
TRPV2 F % # )V 7 T = A MIMIFLA Ca®t il % L5
SR LS, HEHENZ TRPVZ F X L 2SR
T AL E o7z TNEDORERIF,
TRPV2 F % )V, ROZEN %4 LN Ca®t iR
A AR OMEIC S AR R R L,
TRPV2 7 ¥ A VAR B EBRR O 72 R & 72 D
55 7213 T <. TRPV2 F v )V O FEBEFAT A3 e
AR L OHRBREREE~OREI L 2 5 2 & L
ENb,

INLEDOMIEZBEL, bbb EROAF+ v F v
AR T B BEREFRAT S D IRV — 7 4 — L ITE
WCHEIT B Z eIk, S, BRIREIOFENT 2 Ak
WZHED B 7o D OVERE DAL Z B 1d LB & 72

Of:o

(2) BBERIRE D 5 F v X O/ —BHIAN
FRBD 70— 7 Tdh LR (IEBRNEE [0

197 ~99, 2012

| FREFERENELE) CTlE. BROBE S IR
LB 2 W72 B AR 0 ) A 7 Rt
BT 2R L) WEIZOWT, HEMIZTbI
B B RARAS > & FrBL OB PR O A AT DWW TR

L. BIERAEENR @ non-invasive marker D 37 % 5l
72o HARMNIZIE, TNE CULRBRNEREZ O TR
FUNATIAEEBN RN DS ST E 72A%, E4E,
vy —LEENE W QT B IRERFED ) 2 -
BRI, XD EHTH ARSI TV Z
&L i, O EX E o Tpeak-Tend (Tp-e) , Tp-e/QT
ratio A%/Ls 5 5 73 B AL O AN — Pk & BO3 2 8 L
IR LEN) A Z7IREE L TEHEZ LD TV
ZEnH, INSOH LLERIREDS, ] PEER
(gt L= M B 8 O KK B TH % Brugada e f5
HELJHEEET 2R UHSBEREREZ I LO00)
DY AT ML AL O DT D 2GS L 720 € DFER,
DAL & UAMIR I BT 5 T4 FE O AN — 1 % ROk
TAHESINAL Tpe & Tp-e/QT X, LEMBZ A6 L
72 JBEIEBHCHBICHMALTBY) . REED) 2 S
JERLICH A TH B REMEZ B S 212 L7z,

KW - BRAEEEE I (I ha vy FYUTAF v F
VDTN FED R ATRIEE O LA RFETEF O A 71 =
A LSRR & BRGEHTEOMEN ] v ) N T, Lk
HEVER AR 2 LDV LT\ A isoflurane 7 & DL
ANRIBFE DL BT B ERBEZ S 2123 5729
DY AT LAOWEIZMY AT, G, EVEY P
Wi HHEEL 723 b3y B 7 Y (mitosome) (12
B L BEAFEEFEC L D ERGLERERZ TV, I b
I Y R THEICHAET B Ca¥t IR K F v R b,
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