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Introduction

The hepatitis C virus (HCV), a member of the Flaviviridae
family, is known as a major risk factor for hepatocellular car-
cinomas. Infection with HCV frequently becomes a persistent
infection and causes chronic hepatitis. During the course of long
term HCV infections, chronic hepatitis frequently develops hepatic
cancers through hepatic cirrhosis. The HCV has a single positive-
stranded RNA as the genome, and initially the viral proteins are
synthesized as a single polypeptide, and then the polypeptide is
cleaved by the viral and host cellular protease into the mature
components of the virus [1]. It has been reported that the viral
components, Core [2,3], NS3 (nonstructural protein 3) [4], NS4B
[5], and NS5A [6] independently indicate cell transforming acti-
vity, and these viral proteins are considered to be involved in the
tumorigenesis caused by HCV infection. One of these proteins,
NS3, has two enzymatic functions, serine protease [7-9] and RNA
helicase [10]. Like other viral proteins, NS3 is known as a
multifunctional protein which targets a variety of host factors and
modulates its function. For instance, it has been reported that the
HCV NS3 protein inhibits the protein kinase A (PKA) [11] and
PKC [12] functions, and like other HCV proteins, the Core [13]
and NS5A [14], p53 is also targeted by NS3 [4,15,16].

The Notch signaling pathway is evolutionarily conserved in
many species, and is responsible for cell differentiation and

@ PLoS ONE | www.plosone.org

proliferation [17,18]. Four Notch family genes have been iden-
tified in humans, and these genes encode transmembrane recep-
tors which recognize the membrane-associated ligands known as
Delta-1 like 1, 3, 4 and Jagged-1, 2. After the ligand binding to the
receptor form of Notch, the intracellular domain is released by
proteolytic cleavage, and the active form of Notch is translocated
into the nucleus where it activates target genes. Aberrant acti-
vation of the Notch-signaling pathway was observed in many
tumor cell lines, and is also found in cells derived from hepa-
tocellular carcinomas [19-22]. However it is known that the
Notch-signaling pathway indicates both a transform activity and
an anti-tumor activity depending on the status of the cell, in gen-
eral, it is considered that the Notch-signaling pathway represses
cell differentiation and promotes cell mitosis of stem cells [23,24].
Therefore the Notch-signaling pathway is important for the
maintainenance of homeostasis through the normal development
of cells, and dysfunction of the molecular mechanism to control
the Notch-signaling pathway is closely related to tumorigenesis.
Some reports have suggested that abnormality of the Notch-
signaling pathway contributes to tumorigenesis of hepatocellular
carcinomas [20-22], however, the effects of HCV viral infection
on the Notch-signaling pathway have not been clarified. In this
report, we focus on 2 NS3-binding molecule, and propose a novel
possible mechanism for tumorigenesis caused by the persistent
infection of HCV. We demonstrate that the HCV NS3 protein

June 2011 | Volume 6 | Issue 6 | e20718
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The functional effects of cerebrospinal fluid (CSF) from patients with anti-NMDA receptor (NMDAR) enceph-
alitis on the NMDAR-mediated synaptic plasticity were evaluated by using mouse hippocampus slices. Anti-
NMDAR antibody detection system was established by immunostaining recombinant NMDAR heteromers
expressed in HEK cell cuiture as well as native NMDARs in cultured hippocampal neurons. Under a complete
blind manner for the clinical information, CSF and sera collected from 36 pre-diagnosed patients were tested
for anti-NMDAR antibodies. With this test, thirteen patients were diagnosed as anti-NMDAR encephalitis. CSF
positive for anti-NMDAR antibodies suppressed induction of long-term potentiation (LTP) at Schaffer collateral-
CA1 synapses in mouse hippocampal slices. LTP induction was not suppressed by CSF collected from herpes sim-
plex virus (HSV) encephalitis or non-encephalitis control patients. Antibody absorption with NMDAR-expressing
HEK cell culture reversed the suppression of LTP by anti-NMDAR encephalitis patients' CSF, confirming that anti-
NMDAR antibodies suppressed LTP. The present experiments firmly support the proposal that the anti-NMDAR
encephalitis autoantibody is responsible for cognitive disorders like amnesia accompanying this disease.

© 2011 Elsevier Inc. All rights reserved.

Introduction

The N-methyl-D-aspartate receptor (NMDAR) is essential both to
memory and synaptic plasticity (Herron et al, 1986; Morris et al.,
1986). This dual commitment of NMDARs has been used to establish
causal links between memory and its cellular basis, most notably synap-
tic plasticity like long-term potentiation (LTP). For this purpose, genes
are modified, allowing NMDARSs to be conditionally knocked out for a
desired postnatal period (Shimizu et al., 2000). In humans, involvement
of NMDARs in cognitive functions has been suggested by drugs with
psychotic action that are known also as NMDAR blockers (Krystal et
al,, 1994). The anti-NMDAR encephalitis, a new disease entity, has re-
cently been described, in which NMDAR antibodies thought to be de-
rived from teratoma cause a characteristic set of neurologic and
psychiatric symptoms including amnesia in humans (Dalmau et al,
2007, 2008), though antibodies of non-teratoma origin were also
reported (Irani et al, 2010). Two striking features of this disease are a

* Corresponding author at: Department of Physiology, Ka
Ishikawa 920-0293, japan. Fax: +81 76 286 3523.
E-mail address: kato@kanazawa-med.ac.jp (N. Kato).
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0969-9961/$ - see front matter © 2011 Elsevier Inc. All rig
doi:10.1016/5.1bd.2011.02.019

sudden onset and a ready response to antibody removal. These features
are reminiscent of the temporal control of NMDAR knock-out mice.
Given the lack of prophylaxis, this disease could be an incidentally oc-
curring platform on which to analyze relationships between NMDAR
signaling and cognitive brain functions in humans.

It is increasingly elucidated how this antibody suppresses NMDARs.
The epitope is located in the extracellular domain of the NR1 subunit
(Dalmau et al,, 2008). The binding of antibody is shown to dimerize
NMDARs and trigger their internalization on the postsynaptic side,
thereby suppressing NMDAR-mediated transmission (Hughes et al.,
2010). Despite such molecular understanding, it is not known whether
the antibody-induced dysfunction of NMDARs underlies the symptoms
of the anti-NMDAR encephalitis. We therefore tested whether the
disease-produced antibodies suppress NMDAR-dependent LTP, thereby
attempting to attribute amnesia, a canonical symptom of this disease, to
the patients' anti-NMDAR antibodies.

Materials and methods
SF) and sera

2d by the Committees of Kanazawa
o ethics and animal cares. CSF and
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Clinical features of neuromyelitis optica in
a large Japanese cohort: comparison

between phenotypes
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ABSTRACT

Ohjective To analyse clinicoepidemiological features of
neuromyelitis optica in a large cohort and to compare the
differences between onset age, gender and clinical
phenotypes.

Metheds Antiaquaporin-4 antibody (AQP4-ab) levels
were tested in 2366 serum samples of patients
diagnosed as having central nervous system
inflammatory demyelinating disorders by their referring
physicians. AQP4-ab was measured by indirect
immunofluorescence staining using human
AQP4-transfected HEK 293 cells. A blinded analysis was
performed and was combined with clinical information.
Results A total of 583 patients (91.4% women) were
AQP4-ab-positive. The average onset age was
42.9+15.9 years. According to MRI studies, spinal-cord
lesions were detected in 85.3% of the patients,
longitudinally extensive transverse myelitis in 72.7% and
cerebral lesions in 51.1%. Unilateral or bilateral blindness
was observed in 16.2% of patients, 19.8% were
associated with Sjogren syndrome, and 13.6% were
associated with thyroid diseases. Myelin basic protein
was detected in the cerebrospinal fluid of 57.5%
patients. In addition, men presented with an older onset
age, a greater number of brainstem MRI lesions and
positive myelin basic protein in the cerebrospinal fluid. All
child-onset patients (<15 years, n=9) presented with
optic neuritis as the first symptom, while older-onset
patients presented with myelitis. Twenty patients initially
developed limited brain lesions, and seven of these
patients did not develop optic or spinal lesions during the
1—5-year follow-up period.

Conclusiens The clinical characteristics of AQP4-ab-
positive patients were similar. However, optic neuritis
was more common in paediatric patients, while myelitis
was more common in older patients. A small number of
patients exhibited only cerebral, brainstem, or cerebellar
lesions during the initial several years and lower
Extended Disability Status Scale scores.

Neuromyelitis optica (NMO) is an inflammatory
demyelinating disease of the central nervous
system that primarily affects the optic nerve and
spinal cord with highly specific autoantibody
NMO-IgG levels seen in the serum of NMO
patients.” The target antigen of NMO-IgG has been
identified as aquaporin-4 (AQP4), a water-channel
protein predominantly expressed in the central
nervous system.! 2 NMO-IgG expression is
restricted not only to typical NMO but also to

NMO spectrum disorders (NMOsd) as well that
include the following clinical features®: (1) limited
disease forms, such as optic neuritis (ON) or longi-
tudinally extensive transverse myelitis (LETM);
(2) atypical brain lesions with characteristics typical
for NMO and positive NMO-IgG; and (3) ON or
LETM associated with a systemic autoimmune
disease.

An increasing number of studies have reported
the clinicoepidemiological features of NMO,*™
although the patient number in each study has
been insufficient. Therefore, the population preva-
lence of NMOsd has not yet been firmly estab-
lished. The present study analysed clinical and
epidemiological features in a large group of Japanese
patients with NMO. Anti-AQP4 antibody (AQP4-
ab)-positive or AQP4-ab-negative patients who
exhibited characteristic NMO clinical features were
compared and analysed under identical conditions
at a single institute using an antibody assay system.

PATIENTS AND METHODS

Patients

A total of 2366 serum samples were sent to our
laboratory from other Japanese institutions during
2006—2009 for AQP4-ab testing. All patients were
diagnosed as having inflammatory demyelinating
disorders of the central nervous system by their
referring physicians by MRI findings and laboratory
tests. Clinical information was obtained under
informed consent from patients by their referring
physicians. According to the clinical records, the
patients exhibited features such as ON, myelitis,
and cerebral or brainstem lesions, although no
inclusion or exclusion criteria were set for the
AQP4-ab test. The present study provided the
definition of ‘severe impairment’ of vision when
patient eyesight was worse than 20/200. To avoid
quantification of false-negative cases, AQP4-ab was
considered negative when the sample was collected
during the acute phase of the disease or within
a month of exacerbation, and no plasmapheresis or
immunosuppressive therapy was performed prior
to the sampling. Analysis included gender, age at
onset, involved lesions of the first attack and
relapses, number of relapses, Expanded Disability
Status Scale (EDSS) score at the time of the AQP4-
ab test, vision outcome, detected lesions on MRI
scans, history of systemic disease, serum auto-
antibodies as antinuclear antibody, anti-Sjégren
syndrome A antibody (SS-A) or anti-Sjégren

J Neurol Neurosurg Psychiatry 2011;82:1360—1364. doi:10.1136/jnnp-2011-300403
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WF7EaE - Establishment and Characterization of HepG2 Transfectants Stably Expressing
HCV NS3 and NS3/4 A Protein

A JERE%E

Chronic hepatitis C virus (HCV) infection is a major risk factor for the development of hepa-
tocellular carcinoma (HCC) worldwide. HCV belongs to the Flaviviridae family. It has a posi-
tive-stranded linear RNA genome of about 9.6-kb containing a single large open reading frame
encoding structural (core, E1, and E2)and non-structural (NS2, NS3, NS4 A, NS4B, NS5 A,
and NS5B) proteins. Both structural and non-structural proteins can interact with various
host cellular proteins to potentially promote the malignant transformation of hepatocytes.
The NS3 protein is thought to affect normal cellular functions and involved in HCV-carcino-
genesis, but the interaction between HCV protein NS3 and gene or proteins of hepatoma cell
line is poorly understood.

Firstly, we constructed eukaryotic cell expressing vectors: pFLAG-HC-NS3 and pFLAG-
HC-NS3/4 A which expressed NS3 and NS3/4 A protein. Secondly, we transfected human
hepatoma cell line HepG2 with this two plasmids and got different stable transfectants.
Thirdly, we investigated the biological behaviors and carcinogenesis of those transfectants, in-
cluding their proliferation, cell cycle and tumorigenicity in nude mice.

In this study, HepG2 cells were transfected with pFLAG-HC-NS3 and pFLAG-HC-NS3/4 A
which expressing full-length of NS3 and NS3/4 A protein. Although 5 month's passage or
freezing-thawing, high level expression of NS3 protein were still detected, which indicate the
acquisition of stable HepG2 transfectants (HepG2-NS3 cells). HCV protein NS3 inhibited the
growth in HepG2 cell lines, which keep consistent to the result by Siavoshian S. HepG?2 cells
expressing the NS3 protein were arrested in the GO/G1 phase of the cell cycle, perhaps it
was the reason for the effect of inhibition of cell proliferation. HepG2-NS3 cells formed more
colonies than the HepG2-parental cells. At the same time, HepG2-NS3/4 A cells formed fewer
colonies than the HepG 2-parental cells. Moreover, the nude mice were inoculated with HepG
2-NS3 cells, and then the first evidence of well-defined and distinct subcutaneous tumors ap-
peared on day 27. On the other hand, no tumor developed in the mice inoculated with HepG 2-
parental and HepG2-NS3/4 A cells until 50 days after inoculating. The results suggested the
enhancement of tumorigenicity for HepG2-NS 3 cells, and the relationship between the biologi-
cal function of NS3 and the development of HCC.
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Abstract

Objectives: DNA content of diploid H1 (ES) cells
(2H1 cells) has been shown to be stable in long-term
culture; however, tetraploid and octaploid H1 (ES)
cells (4H1 and 8H1 cells, respectively) were DNA-
unstable. Pentaploid H1 (ES) cells (5H1 cells) estab-
lished recently have been found to be DNA-stable;
how, then is cell DNA stability determined? To dis-
cuss ploidy stability, decaploid H1 (ES) cells (10H1
cells) were established from SH1 cells and examined
for DNA stability.

Materials and methods: SH1 cells were polyploi-
dized using demecolcine (DC) and 10H1 cells were
obtained by one-cell cloning.

Results: Number of chromosomes of 10H1 cells was
180 and durations of their Gy, S, and G,/M phases
were 3, 7 and 6 h respectively. Volume of 10H1 cells
was double that of SH1 cells and morphology of
10H1 cells was flagstone-like in shape. 10H1 cells
exhibited alkaline phosphatase activity and their
DNA content decayed in 91 days of culture. 10H1
cells injected into mouse abdomen formed solid
tumours that contained several kinds of differentiated
cells with lower DNA content, suggesting that 10H1
cells were pluripotent and DNA-unstable. Loss of
DNA stability was explained using a hypothesis
concerning DNA structure of polyploid cells as
DNA reconstructed through ploidy doubling was
arranged in mirror symmetry in a new configuration.
Conclusion: In the pentaploid—decaploid transition
of H1 cells, cell cycle parameters and pluripotency
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were retained, but morphology and DNA stability
were altered.

Introduction

H1 (ES) cells, mouse germline-transmissible embryonic
stem (ES) cells, were established from blastocysts of
C3H/He mice, and it has been confirmed that these cells
have the ability to differentiate into neural cells, epithelial
cells, muscle cells, hair follicle cells and chondrocytes (1).
Tetraploid H-1 (ES) cells (4H1 cells) have been estab-
lished from diploid H1 (ES) cells (2H1 cells) through
polyploidization, using demecolcine (DC) (2). Octaploid
H1 (ES) cells (8H1 cells) were also established from 4H1
cells using DC (3). Pentaploid H1 (ES) cells (SH1 cells)
were serendipidously established from an 8HI1 cell (4).
Pluripotency of 2H1, 4H1, 8H1 and 5H1 cells was demon-
strated by positive expression of alkaline phosphatase or
ability to form teratocarcinomas.

DC antagonizes tubulin polymerization and induces
disassembly of microtubules into monomers. Chinese
hamster V79 cells exposed to DC exhibit deformed cyto-
plasmic morphology from sphere- to amoeba-like in M
phase (5), and polyploidation accompanied by various
types of nuclear morphology (6). This drug inhibits for-
mation of spindle fibre in M phase and polyploidizes cells,
depending on the cell type. DC can polyploidize H1 cells
as well as many other cells, including V79 and mouse
Meth-A cells, but additional types of cells that can be
polyploidized by DC remain unknown.

Polyploidization of mammalian cells occurs in various
organs, particularly in aged or partially hepatectomized
liver; however, causes and mechanisms involved are
poorly understood (7-9). The DNA content of mammalian
diploid cells is well preserved during subculturing; how-
ever, DNA content of polyploid cells sometimes decreases
gradually and occasionally it decreases abruptly by half.
Moor et al. (10) concluded that near-triploid is the termi-
nal ploidy of near-tetraploid Ehrlich’s ascites tumour cells.
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Abstract Hexaploid H1 (ES) cells (6H1 cells) were
established from octaploid H1 cells (8H1 cells), as were
pentaploid H1 cells (SHI cells). 6H1 cells were compared
with SH1 cells. The number of chromosomes of 6H1 cells
was 115, 20 more than the 95 of SH1 cells. The durations of
Gy, S, and G,/M phases of 6H1 cells were 3, 7, and 6 h,
respectively, almost the same as those of SH1 cells. The cell
volume of 6H1 cells was equivalent that of SH1 cells. The
morphology of 6HI cells was flattened circular cluster,
different from the spherical cluster of SH1 cells. 6H1 cells
exhibited alkaline phosphatase activity as well as 5H1 cells.
The DNA content of 6H1 cells was stable and maintained
for 300 days of culturing, the same as that of 5H1 cells. The
DNA stability of 6H1 cells was explained using a hypoth-
esis concerning the DNA structure of polyploid cells
because the asymmetric configuration of homologous
chromosomes in 6H1 cells inhibited chromosome loss.

Keywords HI1 cells - ES cells - Hexaploid cells -
Demecolcine - DNA stability

Introduction

H-1 (ES) cells, mouse germline-transmissible embryonic
stem (ES) cells, were established from blastocysts of C3H/
He mice, and it has been confirmed that the cells have the
ability to differentiate into neural cells, epithelial cells,
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muscle cells, hair follicles, and chondrocytes [1]. Tetraploid
H1 (ES) cells (4H1 cells) were established from diploid H1
(ES) cells (2H1 cells) through polyploidization using dem-
ecolcine (DC) [2]. Octaploid H1 (ES) cells (8H1 cells) were
also established from 4H1 cells using DC [3]. Pentaploid H1
(ES) cells (SH1 cells) were accidentally established from an
8H1 cell [4]. The pluripotency of 2H1, 4H1, 5H1, and 8H1
cells was demonstrated by the positive activity of alkaline
phosphatase or the ability to form teratocarcinomas.

The DNA content of mammalian diploid cells is well
preserved during subculturing; however, the DNA content
of polyploid cells sometimes decreases gradually, and
occasionally it decreases abruptly. Moor et al. [5] con-
cluded that near-triploid is the terminal ploidy of near-
tetraploid Ehrlich’s ascites tumor cells. Harris [6] showed
that the chromosome number was constant in diploid cells,
but decreased with subculturing in tetraploid and octaploid
pig kidney cells. Tetraploid [7] and octaploid [8] Meth-A
cells exhibited gradual decay of DNA with culturing and
reached a plateau phase [9]. Triploid V79 cells, however,
were DNA-stable [10], except in a special case where the
cells were suspension-cultured [11].

Matveeva et al. [12] created many types of tetraploid
hybrid cells by cell fusion, and reported that the chromo-
some loss in hybrid cells was divided into three types,
stable, bilateral loss, and unilateral segregation of chro-
mosomes. It has been reported that mouse ES cell/fibroblast
hybrid cells with a near-tetraploid karyotype yielded dip-
loid/tetraploid chimeras via injection into C57BL mouse
blastocysts, suggesting that the DNA of tetraploid hybrid
cells was stable following chimera formation [13]. In spite
of these long-term studies, the mechanism of stability of
DNA content is not yet known.

4H1 cells lost DNA content gradually in long-term cul-
turing [14] or abruptly in DME medium [15]. 8H1 cells also
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Abstract Haploid unit-ploidy transition in tetraploid and
octaploid mouse H1 (ES) cells (4H1 and 8H1 cells, respec-
tively) during long-term culturing was observed using flow
cytometry. The DNA content of 4H1 cells was elevated from
3.5C to 4.5C, and that of 8H1 cells was degraded from 6.5C
to 5.5C, in addition to gradual DNA loss (C: complement).
The timing of the transition was not predetermined. Cell
cycle parameters, doubling time and phase durations, were
essentially the same before and after the transition, suggest-
ing that most cells in a cell population were induced to
undergo the ploidy transition at the same time. Cellular
morphology was altered before and after the transition,
suggesting that the ploidy shift changed cellular character-
istics; however, pluripotency was maintained irrespective of
DNA content. Cell volume correlated with DNA content
during the final stage of culturing. Diploid and hexaploid H1
(ES) cells—2H1 and 6H1 cells, respectively—were used as
control cells in which the ploidy was maintained for about
300 days of culturing. The haploid unit-ploidy transition was
explained using a hypothesis concerning the DNA structure
of polyploid cells: closing homologous chromosomes causes
inhomogeneous cell division accompanying a haploid DNA
set, suggesting the existence of a coupling apparatus con-
necting DNA fibers with a single haploid DNA set.
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Introduction

H-1 (ES) cells—mouse germline-transmissible embryonic
stem (ES) cells—were established from blastocysts of
C3H/He mice, and it has been confirmed that the cells
have the ability to differentiate into neural cells, epi-
thelial cells, muscle cells, hair follicles, and chondrocytes
[1]. Tetraploid H1 (ES) cells (4H1 cells) were estab-
lished from diploid HI (ES) cells (2H1 cells) through
polyploidization using demecolcine (DC) [2]. Octaploid
H1 (ES) cells (8H1 cells) were also established from
4H1 cells using DC [3]. Hexaploid H1 (ES) cells (6H1
cells) [4] were accidentally established from an 8H1 cell
as well as pentaploid H1 (ES) cells (5H1 cells) [5].
Decaploid H1 (ES) cells (10H1 cells) were established
from 5HI cells [6]. The pluripotency of 2H1, 4H1, 5H1,
6H1, 8HI, and 10HI1 cells was ascertained by the posi-
tive activity of alkaline phosphatase -and the ability to
form teratocarcinomas.

DNA content of mammalian diploid cells is well pre-
served during subculturing. In polyploid cells, however, the
DNA content sometimes decreases gradually and occa-
sionally it decreases abruptly. Moor et al. [7] concluded
that near-triploidy is the terminal ploidy of near-tetraploid
Ehrlich’s ascites tumor cells. Harris [8] showed that the
chromosome number was constant in diploid cells but
decreased with subculturing in tetraploid and octaploid pig
kidney cells. While several studies have reported DNA loss
in polyploid cells, the DNA content of triploid V79 cells
was stable [9], except in a special case where the cells were
suspension cultured [10].
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Anionic liquid (IL) is a salt that remains in the liquid state at room temperature. It

does not vaporize under vacuum and imparts electrical conductivity to samples for observation by
scanning electron microscopy (SEM). Recently, the usefulness of ILs has been widely recognized. In
our previous study, one of the ILs 1-ethyl-3-methylimidazolium tetrafluoroborate (EtMelm "BF, )
was used for SEM analysis of biological samples. In comparison with the conventional method, sam-
ples prepared using EtMelm " BF,~ provided more detailed SEM images of the cell ultrastructure,
enabling the observation of protrusions. In addition, the IL treatment is a less time consuming and
simple method that does not include dehydration, drying, and conductivity treatments, which are
an essential parts of the conventional method. In this study, we compared the usefulness of four
hydrophobic and three hydrophilic ILs for SEM to observe fixed cultured human A549 cells. All ILs
worked well to prevent “charge-up” effect for SEM observation. However, the hydrophilic ILs tended
to provide clearer images than the hydrophobic TLs. We concluded that various ILs can be used for
SEM sample preparation and their application to a wide range 6f fields is anticipated in future.

Microsc. Res. Tech. 74:1104-1108, 2011.

INTRODUCTION

Scanning electron microscopy (SEM) can image vari-
ous sample surfaces by scanning them with an electron
beam (Goldstein et al., 2003; Hodges and Hallowers,
1980; Shimizu and Mitani, 2009). SEM is widely used
for surface observations in basic and applied biology,
industries, and other fields. Conventional SEM sample
preparation methods consist of multiple procedures
including fixation, conductive staining, dehydration,
drying, ultrathin coating, and mounting on a specimen
stub. Tf a sample has low conductivity, electron beam
irradiation accumulates charges on the sample surface.
This phenomenon is known as the “charge-up” effect
and results in serious damage to the resulting SEM
images. To avoid this artifact, the sample is treated by
conductive staining and metal or carbon coating.

An ionic liquid (TL) is a kind of salt that remains in
the liquid state at room temperature (Kirchner, 2009;
Plechkova et al., 2010). Until now, many types of ILs
have been synthesized and extensively studied because
ol their characteristics such as negligible vapor pres-
sure at room temperature and high ionic conductivity
(Torimoto et al., 2010; Zhang et al., 2009). Since ILs do
not vaporize under vacuum, they can be used as sam-
ples for instruments requiring vacuum conditions. Fur-

« 2011 WILEY PERIODICALS INC
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thermore, IL. remain on the surface of SEM samples
and imparts electrical conductivity to them; this is sim-
ilar to that observed for samples covered by metal or
carbon coating (Arimoto et al., 2008a; Kuwabata et al.,
2006). In addition, because IL-treated samples remain
wet condition during SEM observation, the IL treat-
ment could be used as a substitute for conductive stain-
ing, dehydration, drying, and conductivity treatments,
which was demonstrated by SEM observation of a sea-
weed leave swollen with water (Arimoto et al., 2008b).
Moreover, we recently developed a simple protocol that
enables quick SEM with IL for cultured human tumor
cells (Ishigaki et al., 2011a, b). The resulting sample
provided a satisfactory SEM image by comparison with
images obtained with samples used in conventional
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tional methods exist for SEM sample
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y ticks remained alive
Id walk actively under

Introduction

Scanning electron microscopes (SEM), which image sample
surfaces by scanning them with an electron beam, are widely used
for steric ohservations of resting samples in various fields.
Conventional SEM sample preparation methods comprise muld-
ple procedures including fixation, conductive staining, dehydra-
tion, drying, ultrathin cvating and mounting on a specimen stub., If
a sample has low conductivity, it results in serious damage to the
SEM images; hence, the sample is treated with conductive staining
and metal or carbon coating. Conventional SEM is not a good tool
to observe living organisms because of the associated exposure to
high vacuum pressure and electron beam radiation.

SEM has been widely used since: the 1970s to observe ticks and
mites in acarology because it enables the ubservation of surface-
fine structure. Various applications have been reported, and the
usefulness has been widely shown in identification of new species,
analysis of antiparasitic drugs, host-infection interaction, etc. [1-
7]. Recent applications of low-temperature SEM analysis enabled
observation of new morphological arttributes and proposed a new
modcl of leg locomotion [8,9]. However, thesc obscrvations did

@ PLoS ONE | www.plosone.org

not involve living organisms or real movements. To obtain fine
obscrvations ol lcgs and dctailed movements of the capitulum,
high resolution observation of living organisms is desirable. We
hypothesized (hal il" the living mites and ticks can be obscrved
under SEM, we could record real-time videons of their actons. In
addition, we could cross-breed mites and ticks and determine the
species’ characteristics more precisely it they survive after SEM
observation. Until now, achieving this has been believed to be
cxtremecly difficult.

We accidendy discovered that wild ticks were resistant (o vacuum
pressure. Ticks could walk inside desiceators connected to a vacuum
pump (approximalcly 10 Pa). Alicr 30 min, ticks were removed
from the vacuum desiceator; most were alive under atmospheric
pressurc. On the other hand, it has been known that dead ticks
without any conductive treatments were observable under SEM.
These observations prompted us to observe living hard ticks using
SEM under high vacuum conditions. Even under vacuum pressure
(<I Pa) and electron beam exposure, many ticks remained alive
and movcd their legs actively during and afler the obscrvation. 1'o
our knowledge, this is the first example demonstrating observation
of living organisms using SEM in this ficld.

March 2012 | Volume 7 | Issue 3 | e32676
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Epithelial-mesenchymal transition (EMT) is a key event in cancer metastasis and

is characterized by increase in cell motility, increase in expression of mesenchymal cell markers,
loss of proteins from cell-to-cell junction complexes, and changes in cell morphology. Here, the mor-
phological effects of a representative EMT inducer, transforming growth factor (TGF)-81, were
investigated in human lung adenocarcinoma (A549) cells and pancreatic carcinoma (Panc-1) cells.
TGF-B1 caused morphological changes characteristic of EMT, and immunostaining showed loss of
E-cadherin from cell-to-cell junction complexes in addition to the upregulation of the mesenchymal
marker vimentin. During scanning electron microscopy (SEM) with an ionic liquid, we ohserved
EMT-specific morphological changes, including the formation of various cell protrusions. Interest-
ingly, filopodia in mitotic cells were clearly observed by SEM, and the number of these filopodia in
TFG-1-treated mitotic cells was reduced significantly. We conclude that this reduction in such mi-
totic protrusions is a novel effect of TGF-$1 and may contribute to EMT. Microsc. Res. Tech.

74:1024-103 1, 2011. © 2011 Wiley Periodicals Inc.

INTRODUCTION

Metastasis is one of the most severe problems faced
during cancer treatment. Epithelial-mesenchymal
transition (EMT) is a key event that occurs during can-
cer metastasis. During EMT, epithelial cells lose their
polarity and cell-to-cell contact, and a marked remodel-
ing of the cytoskeleton is observed (Guarino et al.,
2007; Thierry, 2002). A hallmark of EMT is increase in
cell motility, changes in cell morphology, loss of pro-
teins such as E-cadherin from cell-to-cell junction
complexes, and increase in mesenchymal markers,
including vimentin (Yang and Weinberg, 2008).

In tumor cells, various stressors and stimuli act as
inducers of EMT. Among them, soluble transforming
growth factor (TGF)-1 is a representative EMT stimula-
tor that can induce EMT in lung tumor A549 and pan-
creatic tumor Panc-1 cells (Ellenrieder et al., 2001; Fens-
terer et al., 2004; Fong et al., 2008; Kasai et al., 2005;
Kim et al., 2007). Binding of TGF-1 to its cell surface
receptor activates molecular pathways such as SMAD/
STAT3 or Ras/ERK1/2. Tn addition, it upregulates vari-
ous transcription factors such as Snail, Slug, Twist, and
ZEB that can cause EMT-associated transcriptional
changes in tumor cells (Grande et al. 2002; Huang
et al., 2000; Tan et al, 2010). These transcriptional

« 2011 WILEY PERTIODICALS INC

changes are believed to be associated with metastasis
progression and various morphological changes. Cell pro-
trusions such as microvilli, filopodia, lamellipodia, and
membrane ruffles are formed during EMT progression
(Faix and Rottner, 2005; Small et al., 2002; Yilmaz and
Christofori, 2009). These protrusions are important for
cell motility, organization of membrane domains, phago-
cytosis, and development of substrate adhesions. Thus,
morphological changes in tumor cells during EMT are
associated with cancer metastasis, and EMT is the key
event that can be targeted to prevent cancer metastasis,
To ohserve the detailed morphological changes in
TGF-B1-treated human tumor cells, we performed
scanning electron microscopy (SEM) with an ionic lig-
uid (IL). IL. is a salt that remains in the liquid state
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HEERGRERE, FRICA — 7 7 V=~ D5 &, UBR4IHAT A ¥ u—<7 f VA HPV
DETEN & OMENEHOMIE L E R D, EDHIZ, T E TUBRAEMEFRIAET IV
RURARVERL, AT L T& 72, UBRAKEY Y 1L, JEE1I0H FifR X TIZHEICH 5720,
#%) Tamoxifen TUBRARIEAFET L2374 aF Vv o777 b7 ABERL 72
SHBIE. INOOBIZTYUES I ZAZMHALT, e T 305,

(CHE  HIRRE)



Bz FlZ8Y (EEHE) AR 7

WG FEs (M%)
WFZEiE © N-end rule pathway DEILZIHEE L D5 T X = A A

WFZEmE %

N-end rule f# ® Ubiquitin ligase UBR4 Z/KIE L7-~ 7 X1k, KAEZIE T, MIBHANZ L
AISERED T — b7 7 V=R NFxBREBICHREI RSNz, LA L, ZO5FHREEZHS
TRV, —F, UBR4IZ, FEHSADOKEKNTHS L Mi¥u—<7 LA (HPV) E7
EHICRHAETAZEDNMEEINT VS, A ML AREEDPAZERELZBEEMONTEY,
UBRARIET NV EHWT, E7THEHA L OMEANEH, T OAEMANERZ N L. N-end rule
FEEE DA DO AR 5T VA VARG X 2D A - WEA XL ZHI &
T 5, TOWFICE o TR, B - PHHEORBEICO %235 2 0 WIfFTE %,

N-end rule 3. NEKM7T I JHIC X o T ¥ X7 BORENZ HIM$ 2 E1T KB
SANFE CTHALWICRE SN T WS, HEY V7 EONKEKMT I 7 BI6H. HaBM IIRE
MBI ->TBY, TNLOWRY V87 ik, FARRERER TR b=V A, BEAAL v
T DBEFEAE R B R BRI W e Sk A AR BBIRIC b o> TV b, UBR4
X, 7 st I 7 AW CHE SN0 2K 570kDa® E K72 & HE T, UBR box #HI%
AP35 UBR box &7 7 IV —O—FiTdH %, UBR4IZHIV 1 integrase D5 iRIZHF 5 L
TWBIED, AIVEY 2 YREEMEDD ). RIS L Tw b,

INFET, UBRAZARIEILT AL, =1 77 V—ily X7 EPFELLTTHEL TV D
Ziw, BIETREST Ao 2ge TR L7z, UBRAKOMINEZ KL C, A — b7 7
V—%FHE LA, BESEMT Omin). 7 IV BMRZEMTT (5~120 min). LC3B
B L ONF-BREEDSHZEEL L Tz, UBR4ADSY 7 AFAEOBREICB VT, Krd 2
EDTERVWGTFTHLI L, AMNLVARZIIHGELTWEIENG0o7zh BEY VX
TEANARHDI0, ZO5THE - BBIL oo Twhv, 22T, b h¥n—<vw
ANVA (LUFHPV) E7T&EHEHAT A 0IEH Lz ik, N ) =S5 Of%EI2 & - T,
UBRADEFHVB AR T THSHHPVI6 2T TR, FHY A7 Ol &0 74 TOHPV
E7EHALHEET LI LWL Y. HPV OMBEPIEENC B VT, UBR4DTEE 2 5%H %
RIZLTWBEZEPIRBEI NI, EFEMIEEICAPLAZEHEINTEY, A MLARE
DEFEVEDPARTH D, €2 T, UBRAPIEFHMBBAITB VT, A b L RAIREREHE O il )
WCEZETHY., HPVAUEG L 7-Mlgid. E7EANUBRAICH G LA ML RAIRER%E 5 <l
L. BEGAL - DAL K oo TV B L W RFLE Tz ABIZETIE. E7THE A UBRAST
£y FHEETTEDL A MLV ARERBIMENT 20005752 L2 E—-0HNET
%o
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I HI 2220 B % 234E 6 H 1 H OMRRSMmilc & 0. JeEEBRMFZETM 2 Bk e LT
FAY— b L7 A3, BEHREOTRE,. EREEEZMI L. TORRICEITEHL
WS RCHEBE R T AL 2 HME LTE Y, BfE, ABEAHKRE - 7HELE (B
TN EHEGHT) . R TR (BHE) . T =% B %%, FHERB#. & HEE
BOF S B L VR I N TV 5,

TAEDRFMFEOMRICL > T, [ZA4 V0T DADZZXAIFEAITREH ST LD TV
bo TORR, TA T T7OT L AIIMRA ZRFPHEHEICEHGS L TWD Z ERHL I
ENT&7, ZOHENERIRT A LTI Dy 7070 ZIH AL, BFEEREE HIET
FERERMET L2 2HME L. WROBGTRIA VY7 - Ky ZORVHIFIH S Tw»
B0 ERDOANBE Ky 7 TIEBEWHREDO IR LICLELRBREZITY, (T4 Py 7]
TRZOHPZ LT, MR B Lol 292, B E, RUNEE, S 5104 RE
ZATH) T EICE o T, iy, BILO P2 EHT LI L2 HWELTWS, THITKH L, 4
BEON G 5 TR T LML 2 RGEHICB &, 1) BLERKNTOMBE., 2) 3l - 2
WriOfEr, 3) BEIEN - AN OBE. O 3OO MAEITV, (WO TFRES] ¥
AT LR L2V EZZ TV D,

ZOL)BYMADHFT, KGHTOXMEEDOREIRDEBY TH D,

FREAEIZ I, EERICB T B RELRBILA ML ARAERKE 2o TWHBRSKICERL
TWbo ERRSIZAERTHRT 2128720, BE L SMHTIHRZMHELTBYRED
ZALZ AL CTT7 4 — FNy ZHIIL TV 5, Z OflEo RO E % 5 U T\ 5 I hep-
cidin-25 DEJEN S, 7 4 — F Ny ZHlHROEARZ L $hi #EIHET 21t a0/
ATEREIRIESHC X BB OH 72 2 B E 2 B L CTw 5,

R AR 1 E. A7 4 v TIRE L T 3 FOMESHIIC N3 2 PulES AR 2 MG L <
B BEARREHRIEVIZEC D < HRA B BRI & 2 OmREREEZD S LT 5,
BRI, EVEES OB - BB AET I, A7 4 v TI) VORBNERIIONWT
S22 T 572002, MLV ETT ZETF VB THIIEE, 5 ICBTLRAT7 4 ¥
IREDI 7 a P XA V2 L7 BEE AR SRR 05 F i 2 iR L T %,

Vil =% B#0z. BRI BB HAEIZ (MR M) LEs L. WO
B2 2RI R 3 % H CSRIERT IS X 2 DIEDRIE - dEE | ZWFgEifE s L <. IR ORE,
YLD IR BAPURAEREOEME. +— b7 7 V=20 L7205 SR 2 T Cv 5,

EHEEHIZ. 2 KCELAIKBZHW 2T a 74 I 7 AT 2B L, M LR
TN HEOBBEEAT S T Do Tz, MERIENF: (IR RERIE ) #E & s L,
UEAERERE S N2 [1gG 4 BIESR IR O BIEK & ¥ 7 HOBFE#1T> T b,

(XE KBHEA)
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HAE OB A TR HHE O high-throughput fi#HT k3 222 HHE L TH D . bioinformatics
DA SV, IEF T RICHARMEOBHEA» P FRIHEONDL X)Xk o7z, #IZTFT
1£2400018 @ AR F array M 2352 L TH D, HEABE TIHITRAQ I RNV THEDEITED
[ & EEAERDPEREICGON S, LELEDSH, STRODORELLIE. LR EHER
DPIERZTI v, TRICIEMA ZERPH D, 1) BEFEIAFPLT LS EAEEI L
HET2HOTIE RN E, 2) ¥4 Z7URNAIZ X ZHISEIFET L L, 3) U VI
b - WAL - AL EORRBBHVEOEOEBICEIERTH L I L, & EOMED RS
NTWZ2WnWhHLThb,

Fald, FEREMEAZZELMEICET R4 270y 27 DTV,

1. BIEMFTHAE ML ABIDRRE

Bl As A TIE. ASAIE{E T von-Hippel Lindau D25 RIBD 720 M4 KT E- 7
KA YREBUIHIHI SN TB D, PAMBEOEBEITGHE LER LA 252 EZbNTw
%o BRI A OEERBIIH 2 HEEE LT, mTORC1/C2DW# % %3 % & HIF |2 & % E-cad-
herin DIRHIHFIAMEER S, CORBIPEIE S 25 2 LW S22 % o 720 MIREHAE &Ml E
Biex ZE L7, e TEMNGEEORBICEN L Z L2 ML TWwD, ZORRIE,
JU B K F IR ZR VR 2GR & B BRI 2 L T 7z, AU RIIRF B4 o 2 4E [
TOWIEIZHES LD DTH 5,

2. BHERDNAAFAY—H—&ELTDhepcidin-25

A OEALOBFET, EMRARIkE T AV — AR ANz EdaRiE. 2a8% 2
RLUBHS, oI EHOR CTHREFMHT 2 AT 2 %26 BTz, Dhngkz PRk
IR LFAH L2235, k2 BEICBINLEWS AT A THA, COYATAIIEST
P MENCHIUT 2 BUHE S o BAGREIRESNC L 2iH#0E. & FealiskFiLE 2
HN5b, RIEFIL, hepcidin-25 8 & L CEOBREI 2 2. BRILA ML A 25 5 0IME W
2, BERIE - X 7R v ZIERRE. BAACBT BB AOMEZ R L TE /2,

3. MRKRBNAAT—H—DRZE

M DPEB~ A 7 B RNA . ABIREORERMEZ L T2 2 EAPLET2 S S T
W7ehS, EOREPHEEEY X2 DDORETHRHMAIE LN TR, SAEREIE, MG 2 ml2»
SENTICU B~ A ZURNAZ T REEINTE 5 2 & 2R L. KERE, SHESARED
MEFNT 2 45D T b0 BHIBIICO %%, IIBIRENA A~ — =L b L2 WL
TWwh,
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INFET, AW AT74 VIRE LT I FOBEMIBICN T 2PUEER R LR L. 5
MILICBIT AT R =Y A - V7 FVOTH#EEI L2 L TE 2, BEAAOPUHERNIC X 5 Ml
FEHEIIKPIME T H A PURAIIT TN CTH > TH 5 I FOPEEMIEPAEN TH 722 &
25, PUEAHEO RSN S I FEZBT 2 2 & 2SR TR RIS 5 HH
GRORFICEND L EZONL, BEMBANOLTZ I FREOEMO-D121E, (1) MW
7 I FMUHOHHE E (2) MlAI VO T I FREDOZOOTFENH S, 7 I Fid,
AT 4TI AR (SMS) 12X ) I OKBEIZT+ A7 +3Y) YOI L -
TAZ74vTIx) >y (SM) IZE#EIND, (1) OWEMEIIOWT, FKAIEWDO TSMSHE
Zfrua—=r 7R L. SMSIEMER AN T I FE28m L., MLz HET 5
7= OPUERIEZ Wik LS5 2 & #/R L7z (Recent Patents on Anti—Cancer Drug Discovery6
(3) :324-33, 2011, —F. & FMAMBMBOYI A - ¥ 757 FEFLT, £FIF
FEARTHL 7NV ANt T I FOROFGAT X 0 B T RAL S 72 S oo B3 ASHH) <
. < ZAEFBPER L7z (Une. J. Clin. Oncol. 16(2) ©133—40, 2011), Bi®. Milast
EYVotT7 I PG (2) A% PUESEEZ R T TRESH O 0 L o 7,

BUE, BEAENER OBENRLEDDIZA 74 Y TREICE S (1)(2) OEZEOYIEE
BRI AT MEEAMEOEN - oM (3) ORI W TETHhTh 2 (. Biol
Chem., 286 (41) : 36053 —62,2011)c £F I F, SMAY 7 ZETNITBWTEEY ¥
RO NI, i, Bz E~oORE, BB EZHET 52, S5 IR R R EAH T %
FHET LMD WTHEH (U Biol. Chem, 286 (5) ; 3992—4002, 2011, J. Biol. Chem.12 ;
286 (32) :28544—55, 2011)o A7 4 ¥ TNREIGHMMILI 7 0 KX £ » OEGHER D Th
D, €5 IF, SMAP, HEABLLIZOFAAL VEHETHI LR, I7B AL VO
FENA VZEREREAN T OBERNES T 52 & CEEMBOMEE, B ICELES TS
EERMEL TS, Lzds> T, BUHEGORE - BB TS5t 7 I F. SMORENE
FIZOVTHILNIZTH72012, ML NV E< Y ZEFIVICBWTHIEE, #5128
BATAYIREDIZ T FAA V&4 LR AR ZRARGIE OS2 M L. #h
PEEVERE S O - ImBIHICH T 515 3 B SMZH W28 7 R EREO RO %
2 EAHIELTW A,
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Sphingomyelin Synthase 1-generated Sphingomyelin Plays
an Important Role in Transferrin Trafficking and Cell

Proliferation™
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Background: Sphingomyelin synthase (SMS) catalyzes the synthesis of sphingomyelin.

Results: Sphingomyelin-deficient cells failed to proliferate in response to transferrin. Transfection of SMS1 enabled these cells
to generate sphingomyelin, promoting clathrin-dependent uptake of transferrin and its dependent proliferation.

Conclusion: SMS1 is indispensable for transferrin internalization and cell proliferation.

Significance: Our findings provide new insights into the role of SMS1 in transferrin biology.

Transferrin (Tf) endocytosis and recycling are essential for
iron uptake and the regulation of cell proliferation. Tf and Tf
receptor (TfR) complexes are internalized via clathrin-coated
pits composed of a variety of proteins and lipids and pass
through early endosomes to recycling endosomes. We investi-
gated the role of sphingomyelin (SM) synthases (SMS1 and
SMS2) in clathrin-dependent trafficking of Tf and cell prolifer-
ation. We employed SM-deficient lymphoma cells that lacked
SMSs and that failed to proliferate in response to Tf. Transfec-
tion of SMS1, but not SMS2, enabled these cells to incorporate
SM into the plasma membrane, restoring Tf-mediated prolifer-
ation. SM-deficient cells showed a significant reduction in
clathrin-dependent Tf uptake compared with the parental SM-
producing cells. Both SMS1 gene transfection and exogenous
short-chain SM treatment increased clathrin-dependent Tf
uptake in SM-deficient cells, with the Tf being subsequently
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sorted to Rabll-positive recycling endosomes. We observed
trafficking of the internalized Tf to late/endolysosomal com-
partments, and this was not dependent on the clathrin pathway
in SM-deficient cells. Thus, SMS1-mediated SM synthesis
directs Tf-TfR to undergo clathrin-dependent endocytosis and
recycling, promoting the proliferation of lymphoma cells.

Transferrin (Tf)* is an important molecule regulating cell
proliferation; it is the major iron-transport protein in serum
and provides iron to cells by interacting with membrane Tf
receptors (TfRs), such as TfR1 and TfR2 (1). Malignant cells
highly express TfR and display a hyperactive Tf recycling sys-
tem, reflecting their heightened need for iron for proliferation
and DNA synthesis (2—4). Several studies have suggested that
the TfR itself plays a role in cell proliferation (5-7). Thus, the
T£-T1R system appears to be crucial for cell proliferation.

The internalization of plasma membrane receptors and lip-
ids occurs through the clathrin pathway and/or the lipid-raft
endocytic pathway (8). Protein-lipid and protein-protein inter-
actions are involved in the targeting of signaling molecules to
specialized compartments in those pathways. Numerous stud-
ies have uncovered the proteins that participate in this machin-
ery, including GTPases such as dynamins, coat components,
and different adaptors (9 —12). However, the role of lipid mole-
cules remained relatively underappreciated by researchers until
it was found that membrane lipids such as phosphatidylinositol
4,5-bisphosphate and phosphatidylinositol 4-phosphate are

*The abbreviations used are: Tf, transferrin; TfR, transferrin receptor; SM, sphin-
gomyelin; SMS1, sphingomyelin synthase 1; SMS2, sphingomyelin synthase 2;
SMase, sphingomyelinase; bSMase, bacterial SMase; NBD, 12-(N-methyl-N-(7-
nitrobenz-2-oxa-1,3-diazol-4-yl)); MBP, myelin binding protein.
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WF TR 2

FoO B S22 R PRI X 2 O SR I oW TR OB, in vivo DEERZ TV, Z
DG ERBOMIAICE D TE . Ui, M2/L2X7F FEHWT, 7 v MIEA 1 HIGEL,
BIG#210 7 ARBRICZ OB EZBIE Lz, SHEPL/L2XRTF FEEGTLHIIH), RTF
FoOFx ¥ ) 7TEAZIZANEY T = (kehole limpet hemocyanin: KLH) ZfiH L T8 » H¥#
5. U720 SEKLHZfH L0 T v MIXRTFREe7af v b7 V230 bOBRKEE
28, BIM&ES L TCHIMMIO LAP R SN0 572720 TH D, B1/L2 TRIEK T,
Z v ML Chkdy COBE. i FRBE. B ) L. MR E AT R o 22,
FRREEAIZHE U 720 (OBRICEE L TlOUF IS AR 2 ME R, 78 b= Ak, +— 7
7 V=Y ta e FEhE L7, X HI1C. BTHMEBIR LT R -7,

ZOREFR I EE/REOE ST L A, DT EE (p<0.05) IZHmL. E
ERHIORE R, AHDED (p<0.05) FIELTWDL I LD bh -7z, ELISAIZ & 2 Hifkflio E
AT IER 3L F L E L, oW bHKGAT L I_TEA L7z, RIELZT v P
) YRERIRE OB E DR B AVE BB SR S /oo TUNELEMIZL ST
R b= AR EBRECTAHE (p<0.05) ML 720 MLTF H O HUAA 2555 v Ol i
DOHFIZA =7 7 V=R TEFEMBEGERL OMEESMR I N, /2. JLLC3PATL
M & et L 724 A PUARA O e —TE 0053 O APURR MR 2SI B L 72 B1/L2. M
2/L2THRIEL 72T v b DI 2 B2 ORI mm LU Chi 2 L7228 177 o 7245 R R Ih s
oI GFIIM/L20%A) BdbHd0o0, vHFTRELMEELER D, £ < Dvacuole
B SN2 o 72 vacuwole ZEMT LR 24 ET 5 LENDH L EEDbNLE, 7HFD
GG 2 By 22 LM L TR L2 A. +— 7 7 ¥V — & CTvacuole Z L L.
BZHEAT L CTHUARIC K & 72 vacuole Z TEHL L THRINEASFER L T AR Bl S T w 5,
Flos IPAVFYTABAEL. BALLZZI b FY THEFEET 23BN TW 5,
SIS S B1/L24 512 X D L OEIIIRDSH 5 b OO F FHRIEMIE & 7 v bR
HORROHMIBICG 2 52 BOENE D 72, TRIEMEBEOHFEDOENZOD, WT0E
WD E TP STV 2w,
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@© EFe MEZERMEFME (NHDF) %, [BEMOIER 52 BB 288 2 72 % 17
W, MR T A e — b ERIRBE L2, RIS, IEH 202 RR RN TR L2z iiio 5
A= bFZRBEL, WEDL 37 H % Cy ko 2 RUESIKE 2 TR L,
B L720 ZOME. IEEHRBEALZEZ 7MBICBWTSY 87 BEBEMML 72
ARy VTV PSEY Y L7z, ZNSTXVAD Y V37 EOFEEIX. 20124E 3 A D
BT, B 7YV v b2 20y =R T 22 ERRELTB Y., FEkEs
HLELICLT, WBIZEKBY 7 F—Ya V&) TETH 5o

@ IgG4BMEEBEZOTTH, & CITHREZIIEL T2 BEHEDIE & A %
[Turt=xAF—0l] §52LI12L0, ThTholEhomdb sy v 7 x4
DR ERE L 720 IS OBRIKT, 4. 2 RoBXIKEIZ HVWi271 77 L
Y X NV EAT) FRETH 5o

@ MEEENRS: (MR EERIES) BHEOMETR— b & LT, IgG4 M BRE D
ML LI REEANOILGEZ [TH7 V7 I Y] L, fohizifkoy 37 % Cy
WD 2 RICEZIKEN 2 FHHWTER L7:. & 512 Decyder software65% W TF 1 7
7 LYYy VRN R ATV, p<OOSD ARy b2 uh 5810 L. KR%FiA O nano-
HPLC-ESI-MS/MS (F/ 70 >» 54 7LD) 2L, & X2 Z&MEL,

@ IgG4BIEHRBOMIEII BT, M RIENFIEE DL R E T D 5 i b Ik 7 K3
FER. REOWRERHNBFARE, AMEFHEOMES K- L LT IPICEh SR
7-Mefk% SDS-PAGEIC X D BRI L. $igta LTSNy FRE VL, 7/ 71
YTFATLIDICE o TE N EEFE LT,
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cation end-products, AGEs) O/ T3, FRICHRHFHEO 7Y VT VT FIZHEKT S
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PRAEDFENE - #RITHR b o TV A I L 2B L. “TAGERAGEJRKGH" % it F 2 S kK
FTIRIBL TV, HETIE, ®IMERE. BAKE. #. FE7 v a—VIERDERF % (NASH).
AHSEZR SO 3252 LAVRENTHE Y, TAGERAGEROEEEZMR 5 T & AVENH
T O TR L OH R ERIE [, WBE R C LA b o TE Tz,

BE, 2K ORPE, B3, Wbtk & LEATTEZ FE0E L. 2348 BE X9 SRR SC128,  F1SCH
L3 W FRBER22DOWMAFERE BT 720 FRY Y ART 7 AE T, 5650 H AR KAE -
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BiWCT v FIA VU7 TOaA—F 4 —F —3B X O, AT d I Beds ol 55 il i &
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FOHERIGE) b FRAYIAT o 720
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et b L HIZANRTF FOREB L WERZIT) 2ODHEIEOFMZHHFH T TH %,

(CH MrNIESR)
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ri IEFR (BdR)
f7EaRE AR PRS8BT 2 AR B X OV HYE AGEs O BI5- 1B S i gE

WFZEmE %

P22 EED B FHEIT R B G (R semidha (RBMIEB)) 12X b, BRHE
WMIEx2ZET LTV 5, MIEMEIIDTO®EY) TH 5,

AR TH R S N5 AR LEY (advanced glycation end-products, AGEs) ®OH1 T
b BRI Bl BB H T A 7 ) v T Ve FIZH %S 5 AGEs (toxic AGEs,
TAGE & %) 2SAGEsZ#AA (receptor for AGEs, RAGE) %41 L CTHAIGHERR DOIRAE -
BACHECBEG LTWwR I EDPHLNPICR>TETND, — . REOLE LR WEFHEZ
DD DOPAETEEBERHROG BT % > T AR K E < KRR 7 B o7 B 2 i 8% o
RN & B X RS AGEs L OBENGIH SN,

INFE T, SO0 ISR SACEHh OFERER X OV B RREE & e Lok, iRk
DI E A LIKEDER S (AHA) 23RS04 894~ (R EFOMEFEOZO 1 H
O HEFE IR 2 J P13 150kcal (BEEH#55CT375g) BAF. LMEiX100kcal ([F25g) AT IZHIZ
LHRETHD) ORMEMEEZBZ APEEANEEINTV LI EFHEL NI % o720 BERNTHEK
EN 5 TAGERRMO AGEs & 7 1), BEHESIIEOFFEIC L > THIINT 522 LAVRENT
WBHZENDL, BT R BRI HE % % < & DI OB K 0 R RIS AR T B R O 5
iE - ISR G LTCWAHIVRIE SN,

72, AR OMBGIBL AT 5 A AGEs OB E UL, BiM IR BV TN
TOTAGE DERRPL RAGE DRI A2 W TIFEEZF I SR THIGHIN L, 22T,
S00FEH L FAZ B S HR 2 & NS L& h O %51 AGEs = & Ml L7245 H. FLER T AORH R
REMICHEHINAMLEMCEZEDAGES B EENTWE I ENFHLN IR o 72,

X5 BHET. FRCERESEA T CORELFMRBNICB WL, B0 &EHEDS
TAGEfLZZIF T b 2 DR INTE Y, BE, TAGELEAE DN %2 DT 5,

B, INOOBIZEHIRIE. AR, FRFEER, WRAHERE, B R RS 7
EERBLUTASAHLTWS,
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(REECZ IICR D)
WHFERRE - & MIEROBLT LY Y ZERHRAR T T ok

WFZEAE %

M LRALOE B E O ME P I2 B W T30~40%IZB1T7 FLF Y Y% L UNIM2 A A A Y
VRFARDE 2 iV —F (B1/L2E 7213 M2/L2) ICKT B HCHURE ML L7, 512,
B1/L2F 721dM2/L2I2—3 T 5 BT F FOREAD 1 4 [ O 9% THLaR AL 7w FH
DR EDIIEZE MR L 720 INOHOFFIE, BL/L2F 721 EM2/L212k9 % HEHUADT
DFIEFIEIC G352 E 2RI L Twb, 72, BI/L2RM2/L2ICHTAHY T RAE/ 7
O—FUHREHTBY. ¥ T v MOHMIE. T v bRe b OMBRICTZE ORI % iR
LTWwb, TOHMPL/L2TY A - £/ 7 u—FUHifkE, HPL/L2YHF - Ky ru—F
PR 2 VT BL/L2-XTF N % B EE THIIN T X % Sandwich ELISA#EZ BT L7z DL
BL/L2E/ 7u—FVHifk&e T 74 =74 —ru~x 7774 —0ffkE LTt MiLiE2 5
Sandwich ELISA #ETBRI/L2AARTF PO LTV EH, ZOWEHDOREKZIRKS 72
. 2R ST L 72308 TSDS/PAGE 247\, L3 F - FY 7 a—F VHRIC
£ % Western Blot {12 X D AT L7z & LTH = 4kDaffiLic Ny R &, B1/L
207 3 BRI SEB2SFREICEML Tz, 72, v F - FY 7 a—F VHikic
HODPLORL/L2RTF FEHEEEELEIONY FOBEIBROSNZZ &0 5 B1/L2-B
NRTFRFOTHF - R 70 —F VHENOFFREAIR SN z0 EWPL/L2XT T KD West-
ern Blot T 4kDafhiia /N v FAWH S, & MILiEFOBL/L2AERTF F Ny KL
BRI UG TEBTH o720 ARBL/L2XRTF FET 74 =T 4—27u~<x b7 74 —THEH
L72BL/L2KRTF FEHAKZ B~ N 757 4 —EICTHIELA2E 2 A, WAL b ICEM
DORFERERICE — 27 28072, —F. [H—t MILEIZB W TH Western Blot ¥ & Sandwich
ELISA TR F FRELKT 5 &, MR MEEZRTBIH 5 — )T, ELISAETHEMEZR
T —2ALWAEINT o Ty F4kDaDXRTF FLUS D5 T-& % Ff - 72 ELISA #: TG
TEHRTTRIBOY VX7 @ LTV AR Z 2 b, BlfE, BXUKkEI#% O PVDF
JRERG N > @D SYPRO Ruby & W7o Sl X 2 7 3/ FRECHIANT H O E oL &
EHICFARTF F2REBLOERT 2700 ERo kbR Th 5,
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B & A

AR TR BIIGE 7 B3 P Ri234E 6 H 1 H OMARERIC X 0. ABEIRFIIFEER M o Bk &
REERARE LTHAY — b Lo ROFIE, bRt rsERLTB Y. JE KBEA
HZ - B EAE OnEsEEETZE S5, BENEEOEHE) . RRFIIB L D 2 DA DR T
H DN BIZTHHL VY —ROFIHEAELIZ L B L) 2B SMEE DTV 5,
JelsrBhBOE. BRI FmAEowEEZ BiIR L, (1) FEREZEICILHCS 2 KM
WaR: o B%s. (2) STEWFNTEICES L, Me oIS OM B X % 5 E
Erokt, (3) HEMMHEEERKED Y 2 7 MEOREE. & 027> Twb,
—J7. BRI CENI 5 FK, TERT. KMILD 5 D GoreikiRe FISH & Fl v 7- 44t
BBREZZELTBY, HAWTFEICII LA TWD, X512, AL EREIRO EIE TR
WLy —DEL TWDLEEH T ) 7BV, BRI ERRERRE O ) R 7§
filiz A7, BRI L Twa,

(| RIZEA)
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ML, BROEIEA Y v &) ¥ 7B B MR BRI RNE 0 ) 2 2 5Fili

Wr7emE 2

M & R ORI, Feta R AT FAEAR O L2 HIE LTwb, JLE, KK
TICBWT, BERFZLVRERBECOMTLIEROOND XHICR D, @ OEARME
BEZF TRIIMIBTE 2o 2R D o 720 ERME SN TS X0, IR T RAF 28 R
ZRAH I ENTE LU REZ I LR, MEEE HEREIOSH L TE 22,

SO IR SRBFEEON LS 572072 HEOMREIT-> T 5205 R IZILHEK
TAHRMBEBRONSL IR TETWADT, FAMBREEEOLRPEE LTHELLTW
&7, AT 7 BRMIERF IR ICOWTIEDNAY A 787 L A
Z R L7z CNVRHT I & 2 Gt i 26 52 ot (RHIF &R £ BACZ u— > % F)
M LZFISHE 7 u— 7% HRME L, M4 OBIES O LRI X % @A # s T o
AP0 Twh, WHERMMEIRERKNE D) 2 754 ik, #Efzhw e v 7ot
W, HEHEHED D L) 12k o TE . BRMIERFZOMKTH 58I IE INORFHE
URDHZFOFEEN 2D, HSDFR—2AR—Y L THHEMMEREERE D) 2 7 HHICD
WTOHHZHHL TWb, BRERFOMBBIRGEAE L OWEFEEEIZHIzo TWVDHR— A4
N— VY R Ge i AR B R 132005, 04. 01 HEH Z BB L TB Y, TOFR—LR—TZHEL.
KEBETEREL Y —CTOBBEAT &) v ZICER S D RRT A X% 5T X
720 A=A R=VOERLIEZENY., BEHIT V) Y IANEIRL TV E 720,
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B & s

ARSI NES O WG - IR % IS D 720 DB A SEYH D O BRI R E 2 R 7EIC X
DHRESELIETDITI VAL =2 a F VMRS TH S, BREICIITHE RIGHIE.
Bl AR (Wb BAHEENRA L OfHE) TH S,

e D 7= 5050, REERDADRETD L WHETH 5o TN o 55 A Wy 5 10 R4
ZE DO THIRELS, ZORELRRE - BERO T TR, #Hr L Wit OBz i <
TR Z R, BIKOKE 20 5F 2 T, B2 OB T EPREISECIRE ISRBE L, &
L D% %, BEMIEICIZMA ML AHKHA (p8, TPS3INP1, etc) A9%HIL. £
WeE R RS AR IS G- LT, 2 s O5BLHIE % B ia o 858 - =B -
HREOHEIZORITFLIEE2DI LT, 77 YA+ ¥t A ZINSERM U. 6240 Dr. J. L. To-
vanna & Rt L 2362 DT 5 (Xia QS, et al. Pancreas 2011 5 40 (1) :55-60),

— 05\ @RS D5 A HE I i R E 78 055 ) A E 78 0 B 0 . FIEER & D JERIAFFEIC X D)
Wy sy ey (GEM) OVUEERIRO ;T HME 2 T L. € OBEO 720 O FrBliG#E
O E DI LTE 7 GLFEWIZEBGEE) . GSK 3B (glycogen synthase kinase 3 B) (1E#4%
AL D ALE - BAGEIC IR 2 B 2R 2 &2 5, GSK 3B & H L Wi HIE N & L 7-k%e
D TE72 (Motoo Y, et al. Cancers 2011 ; 3 (1) :446—60), F 41X GSK 3 BFHEH] &
GEMDBFIZ L 0. BIEMIED GEMANOEZED ST A2 L2 A L. £ o #R % 8)
W IR CHERE L (Shimasaki T, et al. ] Gastroenterol 2012 ; 47 (3) :321—33). iR ER%
BlfG L7z IR IHRATIZ C OMZEO LN R EZE 2o TB Y, 48O E 5% L0780
BRI N S,

(CH JTHERE)



(BB HIE T 78

o KiG (#dR)
FZEaRE @ ERE IS 2 7 A2 ¥ ¥ 2 - GSK 3 B BHLEHI B I HREE 0 1 264 & BRIRERER

WF TR 2

FA 3RS LY 2 €y (GEM) OPUESRIR O FHMZ T L, £ OBEO 720 OFr
HIGHEORE 20 &L TE 7, GSK 3B (glycogen synthase kinase 3 B) ¥ 25 AMIE DAL -
B\ IR e B 2 R 2 L GSK 3 B & L WIBHEE & L 7-W5E % # 8 T & 72 (Mo-
too Y, et al: Cancers2011; 3 (1) :446—60). F* 41X GSK 3 BFHEA] (GSKI) & GEM O
HIZ XD, BEMILO GEMANOEZ T 2 2 e 2 ML, ZOMHRIREMEERE$ T2
BB CHERL L (Shimasaki T, et al. ] Gastroenterol2012 ; 47(3) : 321—33). S4EREIXER
IREkER % BAG L 720

GEMALEIZ X ) b bR MIL PANC-1 28 LM 31T (EMT) AN &2 0L, £0
GWATCFBICHKAE L 2w 2L Lize S5 MEEMILPANC-1 OFRER: O
Ta T A — AT L) EMT#ENFokisg G5 ZHE L7z, GEMIZX ) ik
BmL7-&H8 (8F8) ©H b, Va v+ MEADRMITEMT ROIEEZEAL % K7
FTHERAXEH L2 SNHIZEMT & O#EDSRANDEHTH > 72, GSK 3 BIHERIRAEMT
FHER T ORERRINHI T D 2 250 % BEREIR 2 R T 5 0 FREZ RIS L T Th %,

P2 GSKI OB 1& TP53INP 1 (tumor protein53-induced nuclear proteinl) #4193 5
DNABEREAE 2§ L T, GEM O HUlE 55 %) K 2 MHFE A 128 58 L 720 BIAEBxPC-3. MIA-
PaCa-2 % O B MIBRIC B 1 a2, BIZFE A X 5 B O R S W h Tdh
5o

BRIR 3R 1% GSK 3 BRHENEH 2 4 3 2 B O BEAE O R 3 ity % AR HE ) GEM # G-\ FH 9 5 1R
FL T A THY, UMINEERAEL 2 2 MY (UMIN-CTR) (288 L (88%F % | UMIN
000005095)\ & % JEBITIZZ N T LAMBINTH o 72 MiFES~ — 7 — DR T E2/R L7 Bl
TEHEB 2 ERTCTH %o
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Kley - gk (REER)
WFFERRAE & RRHE (2 38 0T 2 DU 55 0 AR 1 5 B OV M BZ s A 0] 0 72 80 0 53 i D i W]

P FEmE 2

B, WEEEORETH ), BERIZEENE S FRIIBOTARTH 5, Bl
MZAEH & 5 P A Gemcitabine R TS-1 DZE R 1Z20% LT TH D WIFE & 1T FEE W IRDL
Thh,

R TIX, TORPA - HEEARETHEEILIN TV Y 7 F vizmiER, & <IZ. RAS
mitogen activated protein kinase (MAPK), phosphatidylinositol 3-kinase (PI13K) -AKT-mam-
malian target of rapamycin (mTOR), hedgehog (Hh) ® 3 #&E&ANEH SN TWwW5b, T4E. K96
JE L0 U CERRIS H S T & T %5 EGFR [EAI R VEGE FEA 72 & O TR ERGHIC B
W, BT, DI LLRIHEIGEH SN TV AIZT XS, BBl s ToRE L3
ROBHFENEEN TV 5,

LHFTIC, Fx O3 7V — 7Tl glycogen synthase kinase (GSK)3 g 2z &%
CHALZRRE Il T 2B EN TH AL 2 L2 H LI L TE 72, GSK3 B 1X204FE DL BRI A
YA UREBETTHRE SN, ToEBIIS UCHBED. B - 5 b, 7R b — ¥ 2R g aE
B EEEBMAEGBIR R 2 SR v - AL A=V ) VIR TH b, REL D
BT, A ¥ A YRR, AL R S M O Wnt #EEEA~OTERI A 5 2 TUBEIRIE, 7
WINA 2 —IFRFHERIE R EORISEEEN E LCER S, 2HOMERIHFE SN TS,
1R O Wnt 8 BE HIAEEFH 2 © A5 A BIHI 12 @) < BB T L Bk E N TW B GSK3 B TH
Bh, A DOWFEDOMER. GSK3 B OB\FFHEBLRZ D) VBRALIC X 5 BEFRIGEMEDOTE A4
KA O LEAF R B & MERE - HEAET 2 & v ) Wit REESHIHIARRE & TR 2 2 WMTEH 25 L
72728, GSK3 B HEDPUIES AR % FEEMNE CTHEIE L. REEIH L B AERENTH
D, GSK3 B RHEIC & EEMILO AT - BHEHIHI O A% 63, BRICEENICHEH IS
PusE#l Gemcitabine (GEM) D EZMEZ @ 5 2 & 2R L HBATW T 7V THEIALL
72 (Shimasaki T et al, ] Gastroenterol 2012, 47 (3) :321-333) o F 7=, FEBEMANTIC X 0 JEHE
TEREIEEZ/RT GSK3BASHET 5 ¥ 7 FIVHS, DBSAMEF (p53) FBk. Ml FE 3 i) 4
(Rb) M A AL AR (B A B XITT 2 L 25202 L7z (Kitano A, Shimasaki T et al.
Bhad) . S5, RIBEOEREY LY % ¥ V2RO EMT (epithelial mesenchymal
transition) FROEEALZFEL TR LZ O, GSK3B 2T 52 £12K D, EMT A
PHIENLZEZFRL. IS OPEFNC X 5 EMT #FE/EH2STGE p EKAAETH D .
WM, ST ENEEAICEINFEINL L 2W S5 L2 BT, Bl Bk
TAHTUT A — AN TR & 2 &AZFE L2720, BUEMITTTh b, 4D
WFgE & Hif: L C GSK 3 B 2SRRI CTd 5 & DR OKE R A I THeds S, GSK 3 B 1
DI T RBER T F L R AR R I NS L) 12572,
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Abstract

Background Pancreatic cancer is obstinate and resistant
to gemcitabine, a standard chemotherapeutic agent for the
disease. We previously showed a therapeutic effect of
glycogen synthase kinase-38 (GSK3f) inhibition against
gastrointestinal cancer and glioblastoma. Here, we inves-
tigated the effect of GSK3f inhibition on pancreatic cancer
cell sensitivity to gemcitabine and the underlying molec-
ular mechanism.

Methods Expression, phosphorylation, and activity of
GSK3p in pancreatic cancer cells (PANC-1) were
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material, which is available to authorized users.
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examined by Western immunoblotting and in vitro kinase
assay. The combined effect of gemcitabine and a GSK3p
inhibitor (AR-A014418) against PANC-1 cells was exam-
ined by isobologram and PANC-1 xenografts in mice.
Changes in gene expression in PANC-1 cells following
GSK3p inhibition were studied by cDNA microarray and
reverse transcription (RT)-PCR.

Results PANC-1 cells showed increased GSK3p expres-
sion, phosphorylation at tyrosine 216 (active form), and
activity compared with non-neoplastic HEK293 cells.
Administration of AR-A014418 at pharmacological doses
attenuated proliferation of PANC-1 cells and xenografts,
and significantly sensitized them to gemcitabine. Isobolo-
gram analysis determined that the combined effect was
synergistic. DNA microarray analysis detected GSK3p
inhibition-associated changes in gene expression in
gemcitabine-treated PANC-1 cells. Among these changes,
RT-PCR and Western blotting showed that expression of
tumor protein 53-induced nuclear protein 1, a gene regu-
lating cell death and DNA repair, was increased by gem-
citabine treatment and substantially decreased by GSK3p
inhibition.

Conclusions The results indicate that GSK3f inhibition
sensitizes pancreatic cancer cells to gemcitabine with
altered expression of genes involved in DNA repair. This
study provides insight into the molecular mechanism of
gemcitabine resistance and thus a new strategy for pan-
creatic cancer chemotherapy.

Keywords Pancreatic cancer - Gemcitabine -
Glycogen synthase kinase 3/ - TPS3INP1

Abbreviations

ABC Avidin-biotin peroxidase complex
ATP Adenosine triphosphate
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ARERPNE R HEZIZ O FE T — < T A RHRIMIC X 2 R EANEE DNA BRI O3 &
RIBH O TH 5. WK B IEEHREZIZ L LELFHRMETH 5,

PHE204F BE D SCIRFHAB AN 7 7 A 7 —RIg3E GEIUY 5 4R 13, 5 M) (s RdEEEz o
WHge T — <A E S, TNITE b v, 204 9 H 1 HEWIZ FDD-MB & > % — 5Bk
ENizo BUE, WIS 54EH TH D, EININDE L O EDIRICHERE L TB Y., Fii24
i 6 HBUE. FDD-MB & > ¥ —filg &, StkiE Rkt v & — &, e FFEEAZEE. Yuditiya
PurwosunuffZe H (£ ¥ FA T 7). FIIMENIER, WMARHENIER. P XA,
W R R, humf R R. B EEB IR R, Wu Lixia i O#rse B (R E) . JbiE
B Imi7E B, BRHEAG IR TH 5. PH244E11H24HIZ [FDD-MB WWRC 2012
oA ANBRE S Lo XA CHBTETH 5.

F 72 EMUEEBIZIZER224E 2 H 1 H KSRV F ¥ — & LTFDD-MB A&t 257 L
720 NWEYEDNAE#HZ BAZ BRI 2 —EARBP VI WIBEDDIDE L) DODOH 5,

INFTIZ, PLTFTDZ L Asteady & speedy 1R S, HEPBREEIESNLTWS,

FDD-MB 3.0 Platform (NRBC HEp#EZE - BIEEE) /R

FDD-MB OP (Operating Protocol) 3. 01

i P Ak FeDiM Study 11 BA%&

GIRER K FDD-MB & >~ % — % (2008.09.01)

—f& 1t 3 A FDD-MB Study Group #%37. (2009. 01. 14)

KEFFENR Y F v — FDD-MB ¥aNa&AEa57 (2010.02.01)

FDD-MB M5 (514F). FDD-MB PatEis: (HA - dE - k)

FDD-MB Technologist & Expert 325 fill £ 3 FH B &

PRC21AE BRI A S B R E 7 - BRI e IR Ze 3R BRI (AR)ITEE)
VRC224F BEJE A S B L7 - BER YRR B IR 7R 336 ERIN (L EREE)

SR 224F BEHO BTN GE 7T 0 7 5 & (kv A ) R—3 3 ) T JIREBIERIR
SERE234EE JST/A-STEP « /N4 ) 2 7 ¥k ¥ 4 7HR

GIRERF K2 FDD-MB Center ® 75 ¥ F ik @ AR (R - R, #EE
RS OhE - &), A Y FAYTRE (VX ANVE), AUNLRE (L2 F -4
O A) ANBEFRIESmES (8R). Celula, Inc. (> 74 3 - KE)

F14MG N ER 2 WS BfE (2011, 02. 26/ 49R)

FDD-MB WWRC 2012 EIB &gt (2012.11. 24/ 45R)

b IhFECURIZTOY =7 P24, 41070y 27 b A UN=Lk Lk
WCHAEZ-a23I v b AV b2 Lo AL, all Japan kil TH&IZ .2 FDD-MB 3.0 System
Z5E L. 7 0 —/3)VIZ FDD-MB Service % JEF 3 5 720 DAL A 2 BRBS OIS RESE L, EIRBS
ik - AL EL 2w ERS, 72, BUEFDD-MB £~ % —I13R & DHEBEZ M ER S h
TWVWAHH, SHRIEUMFIEICHE N FDD-MB BEOHE - bL—=v 7y 59— A F7 U
LV ARV =L L TORRBDIAEBRLL T, 7o — 2\ Rd#EEZHETICAN, AFE]IC
== POEWMN R FDD-MB £ v 7 — L L TELIZBESE T BELRD S,

(XHE  FERIER)
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Ak W (HERER)
WFFERRE - BHAIMNIC X 5 )2 DNA I (FDD-MB) D B3 & BRRISH]

WF TR 2

SISO TV 2B TR THREPOHETCRBHEOR VLD TRITIE RS
e\ MR ARG BT (Nucleated Red Blood Cell: NRBC) 2Stifsa (2847 - Hi3
THIEIWZEH LB T (Percoll-micromanipulation #3:) 12 X 0 G VeI 2 323K 12 |a]
U4 % Z & Tsingle cell M. TOWL DD DNA G HETHH T L2 I NFE THL NI
LC&7z TNHOEEZET 2, #HEAN FDD-MB Study Group % 1% U & E AL ORFF2#%
B - R L O T FE T S 72 )] - EHEE N2, $TCIEEZ MG L T\ 5 all Ja-
pan WFZEBHZE A 215 H L. single cell N— 2D ¥ —4 ¥ AFAMIC & B HAZ - FH DI
LAV TOY A7 b7 W RIRE OSEm Y - MG DNA G > A 7 4 (Fetal DNA
Diagnosis from Maternal Blood : FDD-MB 3.0 System) % B3 « 2T 5 FETH 5,

BUE, SCERHFEO “Hilgif ) NX—2 g YRIESHE 70 77 4 T3 ) {fEFERIE 7 7 A
g — 1 R CP204EEE) ~ORE [ DA AR MERD EX - DNA ST~ 2 7 2 D
] IR E ., AN FDD-MB Study Group #H.bh & L7270y 7 b F—24 (BFER
4144) TEZDOWMEPED LN T WD, MEACHBLRELZAE =7 v 7 - #)5L% #E
L. FHLXVDY A7 bR wiinilii DNA 34 2 7 4 (FDD-MB  3.0System)
2L SCTIEBZ MG L TS ARIEMIEICL 2 Y AT A2 BRIGHT 52 & T
R DORBER) T ) IR OWARRY - FEEERR0.5-2. 0%DWE ) X 7 % 5e 42 MlEd %
VR E B bo T2 IRV LA DNAE#Z M@ ICH5 2 &3 TE 5 2
ENSH, WOPDOIFRERTIE VIR, 3R LG RGROBIRSTERE 2D, A
B EHE O 2 IRET 5 2 LIS N5,

Ky AT AHEJ ST IR RO, BIEHROFEBUEHE, KRR HE - 595 T Bh.
Jebi i DNA 5T FLE OB BN RS HFRETE 2720 Th < B - EHICK & &8 L FBEWY
HI - BHREIRELED6 L. AV AT 4B X PBMEEEHAT single cell technology DK
T ABEMNEEHEFELZDDOETHILENTE S,

20104F 2 H 1 H. BFHMRIMIC X 2 IBJEDNA KO A OBA « 2 9T - RakiZe & oM e
HHL, YT A VT ROINSDH T Iy AR O %479 . FDD-MB #RX &4
T ERERRFAFENRY F v — L LTRILL 720 [HHHNYF Y —ET ARSI a7 A b
WL2b | Tid [FDD-MB Service HE D EBIER | TREFEEREZZE LT,

2012411 24 H1C, ANREGLE Lo SEE T [FDD-MB WWRC 2012] [EBR &%
BT T %o
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(Ao bAELRYY—)

I AHER (Fd)
FZERRE | RESHSRR SIS K B 909 D A I = X LI % FEAERTJE

WFZEmE %

) OEETH L ESUTVNRA (ECT) OIEHA A ZXLIZOWT, THETHRTE 7,
MIFEN TR L3 % Homerla Z MANTEA T 5 & MM OEESIE 25O 2@ X %23 5
BKF ¥ Y A VOEBHEAEE ). THIZ X ) oEEiES Iz Axh s Z &L
720 RIC, EBRBWTH ST v MIFOECT ZMifT L TH< &, HomerlaZiEALZLL &
HomerlaiE AR & [ OMEEIMAL T 285 54, HomerlaZ BINEALZ2SGETH, X520
AT AR T 52 L3 o720 THIZECT 2%Homerla Z %88l X ¥, % ® Homerla?®
WEMR T 2R LA E2EWT 5, $/2. ECTHOEEMALTIX. MIBAICH Homerla Hifk
REAT LI LETHLH SN, ZOMEIE. D7 &b RN E ST o 1B T 12
B350, HomerlaBECTRIERD AT 4 =7 —D VO EDE L oT0WAL I L EKT S,
BEXAIMAECT ORBEFERE LTHHA SISO H 5, ) DWIGHED DO r TMSFIHIE. 4§
W7 A AERETELATDND LI hoTwWh, ECTORETEL LTOMD EH L
DB b, LML, INED LTRHRPNMIECT DA LHERICE S bhoTWh v, £
ZT A RBREHEOENZ EIZX BB ZEEORE S BZE L T, ECTIZH R TrTMS
ZHTH) DRET VIR RN D 5589 D ERRUED 72, rTMSHHL) D# 2 BT
LEER A7 (Sunetal 2011)0 ZD A A = A LI LTS Homerla® BKF v ~ % VD
HaRmgash, CRETHOEIAHECTLI]MTHELLEZ TS, T2 ETCOT VY2
A < —JRiaEANO B R S i L 72 (Yamamoto et al, 2011) -
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Suppression of a Neocortical Potassium Channel Activity by
Intracellular Amyloid-3 and Its Rescue with Homerla

Kenji Yamamoto,'* Yoshifumi Ueta,' Li Wang,'* Ryo Yamamoto,' Naoko Inoue,’ Kaoru Inokuchi,’ Atsu Aiba,®

Hideto Yonekura,? and Nobuo Kato!

Departments of 'Physiology and 2Biochemistry, Kanazawa Medical University, Ishikawa 920-0293, Japan, 3Clinical Research Center and Department of
Neurology, Utano National Hospital, Kyoto 616-8255, Japan, “China-Japan Friendship Hospital, Beijing 100029, China, *Mitsubishi Kagaku Institute of Life
Sciences, Tokyo 194-8511, Japan, and SDepartment of Molecular and Cellular Biology, Kobe University Graduate School of Medicine, Kobe 650-0017, Japan

It is proposed that intracellular amyloid-3 (AB), before extracellular plaque formation, triggers cognitive deficits in Alzheimer disease
(AD). Here we report how intracellular A affects neuronal properties. This was done by injecting A protein into rat and mouse
neocortical pyramidal cells through whole-cell patch pipettes and by using 3xTg AD model mice, in which intracellular A Bis accumulated
innately. In rats, intracellular application of a mixed AB, _,, preparation containing both oligomers and monomers, but not a monomeric
preparation of AB,_y, broadened spike width and augmented Ca*" influx via voltage-dependent Ca>* channels in neocortical neurons.
Both effects were mimicked and occluded by charybdotoxin, a blocker of large-conductance Ca>*-activated K * (BK) channels, and
blocked by isopimaric acid, a BK channel opener. Surprisingly, augmented Ca>™ influx was caused by elongated spike duration, but not
attributable to direct Ca** channel modulation by AB,_,,. The AB,_,-induced spike broadening was blocked by electroconvulsive shock
(ECS), which we previously showed to facilitate BK channel opening via expression of the scaffold protein Homerla. In young 3xTg and
wild mice, we confirmed spike broadening by A3, _,,, which was again mimicked and occluded by charybdotoxin and blocked by ECS. In
Homerla knock-out mice, ECS failed to block the AB,_, effect. Single-channel recording on BK channels supported these results. These
findings suggest that the suppression of BK channels by intracellular AB, ,, is a possible key mechanism for early dysfunction in the AD

brain, which may be counteracted by activity-dependent expression of Homerla.

Introduction

Amyloid-B (AB) is the main component of senile plaque, which
pathologically characterizes Alzheimer’s disease (AD). The accu-
mulation of AB precedes other pathological features of AD such
as tangle formation and cell death. Recently, however, soluble A3
rather than AB plaque has been considered to be toxic, causing
synaptic dysfunction or loss before plaque appears (Hsia et al.,
1999; Hardy and Selkoe, 2002). Extracellularly applied AB sup-
presses synaptic transmission and induces synaptic loss by inter-
acting with surface receptors including nicotinic acetylcholine
and glutamate receptors (Wang et al., 2000; Kamenetz et al.,
2003; Snyder et al., 2005), receptors for advanced glycation end
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product (RAGE) (Deane et al., 2003; Origlia et al., 2008), and
cellular prion protein (Laurén et al., 2009).

Besides extracellular A, intracellular accumulation of AB is
reported in postmortem AD brain (Gouras et al., 2000; Takahashi
et al., 2002) and model mice (Oddo et al., 2003; Billings et al.,
2005). Its intracellular presence seems to be a prerequisite for its
secretion from neurons (Walsh et al., 2002; Abramov et al., 2009;
Wei et al., 2010). Intracellular AR is present both in late endo-
some (Takahashi etal., 2002) and cytoplasm (LaFerla et al., 2007)
and is regarded as one of the early pathological events in AD
(LaFerla et al., 2007). Indeed, mutation of SORLI, a risk gene for
sporadic AD, is shown to elevate the intracellular AB level (Ro-
gaeva et al,, 2007). As with extracellular AB, intracellular AB
may interfere with channels and receptors regulating funda-
mental neuronal characteristics such as excitability and syn-
aptic plasticity.

In AD patients, motor cortex excitability is increased (Ferreri
etal., 2003). Extracellular AB enhances release probability at hip-
pocampal synapses, increasing neuron network activity in vitro
(Abramov et al., 2009). Since neuronal activities promote the
production of A (Kamenetz et al., 2003; Cirrito et al., 2005), a
positive-feedback exacerbation of A production and excitability
is likely to result. However, there is another scenario, along which
extracellular AB produced by neural activity can depress synaptic
transmission (Kamenetz et al., 2003) and decreases synapse num-
ber (Wei et al., 2010), thereby reducing neuronal excitability.
Reduced activity would decrease AB production, hence forminga
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Increase in Cortical Pyramidal Cell Excitability Accompanies
Depression-Like Behavior in Mice: A Transcranial Magnetic
Stimulation Study

Peng Sun,'->3* Furong Wang,>** Li Wang,"** Yu Zhang,'>* Ryo Yamamoto,' Tokio Sugai,' Qing Zhang,?
Zhengda Wang,' and Nobuo Kato'

'Department of Physiology and 2Medical Research Institute, Kanazawa Medical University, Ishikawa 920-0293, Japan, *Union Hospital and “Tongji
Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China, *China-Japan Friendship Hospital, Beijing
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Clinical evidence suggests that cortical excitability is increased in depressives. We investigated its cellular basis in a mouse model of
depression. Ina modified version of forced swimming (FS), mice were initially forced to swim for 5 consecutive days and then were treated
daily with repetitive transcranial magnetic stimulation (rTMS) or sham treatment for the following 4 weeks without swimming. On day 2
through day 5, the mice manifested depression-like behaviors. The next and last FS was performed 4 weeks later, which revealed a 4 week
maintenance of depression-like behavior in the sham mice. In slices from the sham controls, excitability in cingulate cortex pyramidal
cells was elevated in terms of membrane potential and frequencies of spikes evoked by current injection. Depolarized resting potential
was shown to depend on suppression of large conductance calcium-activated potassium (BK) channels. This BK channel suppression was
confirmed by measuring spike width, which depends on BK channels. Chronic rTMS treatment during the 4 week period significantly
reduced the depression-like behavior. In slices obtained from the rTMS mice, normal excitability and BK channel activity were recovered.
Expression of a scaffold protein Homerla was reduced by the FS and reversed by rTMS in the cingulate cortex. Similar recovery in the
same behavioral, electrophysiological, and biochemical features was observed after chronic imipramine treatment. The present study
demonstrated that manifestation and disappearance of depression-like behavior are in parallel with increase and decrease in cortical

neuronal excitability in mice and suggested that regulation of BK channels by Homerl1a is involved in this parallelism.

Introduction

A number of hypotheses have been proposed for depression
pathogenesis. The monoamine hypothesis is supported, because
monoaminergic networks are targets of antidepressant drugs
(Schildkraut, 1965; Coppen and Wood, 1983). The neuroplastic-
ity hypothesis emerged from the rapid acceptance of adult neu-
roneogenesis combined with clinical findings such as the reduced
hippocampal volume in depressives (Manji and Duman, 2001).
Along with other promising hypotheses (Nestler et al., 2002), an
emerging line of clinical evidence seems to be consolidated into
yet another concept. Cortical excitability is shown to be increased
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in depressives (Bajbouj et al., 2006b) and normalized by treat-
ments with transcranial magnetic stimulation (TMS; Bajbouj et
al., 2005) or electroconvulsive therapy (ECT; Bajbouj et al.,
2006a). These reports indicate an association between cortical
excitability and depression, although other data on patients’ brain
activity, based on cerebral blood flow or glucose metabolism, do not
necessarily agree with a generalized increase in cortical excitability
(Paus and Barrett, 2004). Underpinning increased excitability, cor-
tical GABA content was shown to be reduced in depressives (Sana-
cora et al.,, 1999) and recovered by ECT (Sanacora et al., 2003) or
drugs (Sanacora et al., 2002). In contrast to these studies on inhibi-
tory circuits, the excitatory component has not been studied in this
light.

Our previous experiments (Sakagami et al., 2005; Kato, 2009)
may provide a suitable platform to examine altered properties of
excitatory neurons in depression model animals. In rats subjected
to a model ECT [electroconvulsive shock (ECS)], we revealed
that cortical pyramidal cell excitability was reduced, depending
on Homerla. Homerl, implicated in the etiology of major de-
pression (Rietschel et al., 2010), is a member of the scaffold pro-
tein family Homer and consists of two splice variants (Brakeman
et al., 1997; Kato et al., 1997). Homerlb/c, a constitutively
expressed variant, binds to receptors, including metabotropic
glutamate receptors (mGluRs), and cross-links them by self-
dimerization. The other variant Homer1a is activity-dependently



(EEBRAYERFTER)

g BT (HEEER)
WEFERRE - 1) A A B3y A (Cd) iRt RO Aoy P12 2B B EJE
2) ANRCBI BB T A 4 F 3 ViR & AR E O BEMEICE§ A58

IR RS
1) CAHFMIBEROAMGPFRICOVTIE, CAREHEIL . BRMEREEZRTHEOTE
PARTHSH I EVFHESINT VDD, TORKICOCTIETHICH LN R > T v,
T 2T\ 1981 - 24E DARERETHA: 2 5255 L 72 NVAR I e RE31194% % 224F BB A A L. €
DIRF CAIERE L FERBIIE L & OBRZE 2 v 7 Z/FINF— FEF IV & F T L7z £
DOFEFR RAF Cd2%10ug/gCr L EOE LB B X ONINER T DY A 7 %33ug/gCr A i D
FITHAR, BT EA L Twe, $72, BRBERRTDOY 27 R CdA%20ug/gCr L LD
HT BRICABICEA LT, I b, RN CdERE LA T 5 I2HEW,
fEBRae L BRI T % 2 & 0% 2 S/, (Chin Med J 2011)
2) BTy AT 32 VIBENPRBEREL LTHE SN, I L OB RIELL R &8
Wi SIN T2, ANREEGIRFERE TR, FREARTEOREL NV, ZRICHS
T ARNBOUER L ORHEMEIZOWTORE LR Ve MO R S A 4 F 2 VREE
DEAIZHFGFLTL 2 B TFREINLD, WHELZHERIRON TRV, €2 T, HA
g L 72 JEBE IS 3500 B kb o BRI E R O 5 A 4 F 2 ViR & OB % W
ST AT LEMFEHME Lz, AFFE L LTk, 20034 12 A)IRICHEAET 53544 D F)
BlIZowT, PEmEREIERELZ H e C—HoBEMENEYENEEZHEE L, T2,
17HFE O BEFL 1 % ¥~ (polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzo frans(PCDFs)) HEMEMARREAME Lz ZORR, AT A 4 3 2 BUARREE
FAMFHOEIZT T, RERINEOERE OIEOMME % RO 72, FRICHBEOEIE
T4 XY EOKE (PCDDs) EIEOMHMEZH D, TOZ LIZWHEOEIH A ORE
O BRFP ST A A F 2 VFREOHEMICHFEGF L TWAL I EZRLTWA, T, BRLPR
WOB S HAF OV L OO REAROWINCBEE A H 0 . B ERERZT TR Mk
EMbDIAT XY VOBRBWE o T DI REEIRIE I NI,

(bR A A2 RE 2011)



3504

ChinMed J 2011;124(21): 3504-3509

Original article

Relationship between urinary cadmium and mortality in
habitants of a cadmium-polluted area: a 22-year

follow-up study in Japan
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Background Several studies have suggested that the exposure to cadmium (Cd) increased mortalities from renal
diseases, cardiovascular diseases and malignant neoplasm, including lung cancer and prostate cancer among
inhabitants living in Cd-polluted areas and factory workers. This study aimed to assess the influence of environmental
exposure to Cd on long term outcome of inhabitants living in an area polluted by Cd.

Methods A 22-year follow-up study was conducted with 3119 inhabitants (1403 men and 1716 women) living in the Cd
polluted Kakehashi River basin in Japan. The subjects were divided into 4 groups according to the amount of urinary Cd
level (<3.0 ug/g creatinine (Cr), 3.0-4.9 ug/g Cr, 5.0-9.9 ug/g Cr, and 210.0 pg/g Cr). Mortality was calculated by the
person-years method. Hazards ratios (HR) and 95% confidence intervals (Cl) were assessed by the Cox’s proportional
hazard model.

Results Compared with urinary Cd <3.0 pg/g Cr group, the HR of 5.0-9.9 ug/g Cr and 210.0 ug/g Cr groups were
significantly increased after adjustment for age in both sexes: 1.24 (95% C/ 1.01-1.51) and 1.48 (95% CI/ 1.17-1.90) for
men; 1.64 (95% C/ 1.17-2.28) and 1.78 (95% C/ 1.27-2.50) for women. The most frequent cause of death was malignant
neoplasm in men and cardiovascular diseases in women. The significant increase in mortality risk for cardiovascular
diseases was observed in the subjects with 210 pg/g Cr in both sexes: 1.79 for men (95% C/ 1.02-3.12) and 2.38 for
women (95% C/ 1.11-5.07). When the subjects were divided into 2 categories (<20 pg/g Cr and 220 ug/g Cr), the HR of
the urinary Cd 220 ug/g Cr group for nephritis and nephrosis were 4.82 (95% C/ 1.07-21.61) in men and 7.92 (95% CI/

1.77-35.33) in women, respectively. The significant increase was not observed for malignant neoplasm.

Conclusion

These results suggest a dose-response relationship between Cd body burden and mortality for

cardiovascular diseases, cerebrovascular diseases and nephritis and nephrosis.

he effect of exposure to cadmium (Cd) on mortality

has become a major concemn of researchers. Some
studies, based on the inhabitants living in Cd-polluted
areas and factory workers, have attributed the Cd
pollution to the increased mortalities from renal diseases,
cardiovascular diseases and some malignant neoplasm,
for example, lung cancer and prostate cancer.® Although
the involved mechanisms remain unsettled, renal
dysfunction induced by Cd is supposed to be an important
prognostic factor of the increased mortality in inhabitants
exposed to the environmental Cd.

The Kakehashi River basin in Ishikawa Prefecture is an
environmental Cd-polluted region in Japan, due to the
upstream copper mine mining activities that began
operation in the 1600s. We have already followed up the
subjects targeted in 1981-1982 health survey for 9 years
and 15 years. In the 9-year follow-up study, an increased
mortality was found only in females with the high urinary
Cd level (>10.0 pg/g creatinine (Cr)), compared with
moderate urinary Cd (<10.0 pg/g Cr) subjects,” while the
15-year follow-up study showed that the mortality risk of
high urinary Cd (>10 pg/g Cr) subjects was higher than

Chin Med J 2011;124(21):3504-3509

that of moderate urinary Cd (<10.0 pg/g Cr) subjects in
both sexes. Moreover, the mortality risk ratio was
increasingly proportional to the amount of urinary Cd
concentration in women.” However, there is no report
showing the dose-response relationship between urinary
Cd and mortality due to the limited number of deaths for
special causes in the short observation period.

Therefore, we conducted a 22-year follow-up study on
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SUMMARY: Trichophyton tonsurans has been isolated among judo practitioners, wrestlers, and sumo
wrestlers during an epidemic of tinea corporis and tinea capitis in Japan. A previous study using restric-
tion fragment length polymorphism (RFLP) analysis of the non-transcribed spacer (NTS) region of the
ribosomal RNA gene revealed different sources for the causative fungus in epidemics among judo prac-
titioners and among wrestlers. Many different fungal strains have since been isolated from practitioners
of these sports. The present study evaluated fungal characteristics of strains newly isolated between July
2006 and December 2010 using this molecular method. PCR-RFLP analysis using Mval and Aval was
performed on 263 strains, composed of 186 isolates from judo practitioners, 32 from wrestlers, 30 from
sumo wrestlers, 5 from other sports, 7 from family members or friends of the sports practitioner
patients, and 3 from sporadic (non-epidemic) cases. Four molecular types, NTS I, 1I, 111, and VII were
detected. Of these, NTS I was the most predominant, occurring in 243 of 263 strains (92.4%). All of the
30 strains isolated from sumo wrestlers were classified as NTS I, suggesting that the epidemic among
sumo wrestlers originated from an earlier epidemic among judo practitioners. Thirteen strains were clas-
sified as NTS II; all were related to wrestling and were isolated mainly from the Chubu and Kansai areas
in the central part of Honshu island. NTS I1I was detected in 6 strains, and one strain classified as NTS
VII was isolated from a sporadic case of tinea capitis in a Peruvian immigrant. The minimum inhibitory
concentrations (MICs) of terbinafine, itraconazole, fluconazole, and griseofulvin on 10 strains of NTS I
and NTS II and 4 strains of NTS III were examined; there were no differences in MIC between these

molecular types.

INTRODUCTION

Trichophyton tonsurans is known to be the causative
agent of a nationwide epidemic of tinea capitis and tinea
corporis among judo practitioners and wrestlers in
Japan. The epidemic was first identified in a high school
wrestling team (1), but an explosive epidemic then oc-
curred among high school and university judo teams (2).
An epidemic among young trainees of sumo wrestling, a
form of traditional Japanese wrestling, was reported in
2005 (3).

Several recent studies have examined the variable in-
ternal repeat (VIR) region of the non-transcribed spacer
(NTS) region of ribosomal RNA (rRNA) genes, thus de-
tecting different molecular types among 7. tonsurans
isolates (4-8). Gaedigk et al. (4) detected 5 variants
differing in size by polymerase chain reaction (PCR)
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Uchinada, Ishikawa 920-0293, Japan. Tel: +81 76 218
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targeting the VIR region in the NTS region; among
these, they identified 7 sub-variants with different single
nucleotide polymorphisms (SNPs) identified by restric-
tion fragment length polymorphism (RFLP) analyses
using 7 restriction enzymes. In 2006, Sugita et al. (5) se-
quenced the VIR region in the NTS region from 101
strains isolated from Japanese judo practitioners; based
on the genetic homogeneity of the isolates, they con-
cluded that the causative agent was clonal. Our previous
study used RFLP analysis of PCR amplicons of the VIR
region in the NTS region to examine 232 strains isolated
between 2001 and 2006; our results suggested that the
epidemics among judo practitioners and wrestlers had
different origins (6). The fungal source of the epidemic
among sumo wrestlers was probably derived from T.
tonsurans spread by infected judo practitioners (3).

In order to understand the contemporary epidemic in
Japan, we evaluated the molecular characteristics of re-
cently isolated strains, including strains from sumo
wrestlers. In vitro susceptibility against oral antifungal
agents was also measured in these newly isolated strains
to provide insight into clinical treatment.
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SRERR A R AT S v R i E JE s L R B 72 0 B Ar Iy IESR

PEIR I IRE R B AIRRETIX, RN TR RN LY (advanced glycation end-prod-
ucts, AGEs) 2MEMEMITHER - TN, BaEEICEDL L Z MG I N T b, KN
THE I N HHAGEsOHTH, FEIZ7 P b R H P A7) v 7 VT FIZ
%3 % AGEs (Glycer-AGEs, TAGE & f544) 2’RAGE (receptor for AGEs) % 41 L CH /R I IfiL
EAMWEDORE « ERICHES Eb o TVwA I EDPWONICR o TETWVS, RILTIE, B
fE. EMEES, BT, 4 v R JEBUE. FET OV I — VERIITERF % (NASH) 7 L 0¥
BICHHET LT LARENTEY, TAGERAGERDHERINZ 5 2 & M EHEIER O
fiE - RO T K OGRS F, LR e b h o TE . —J. AGEsid & LB T ik
LA MLV AT THRMEICEESINLZIT TR, AHEEICKRESH 25 HEINI L 2 Lt
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Bty A3 2 BBHRIBETIVGK T v b & W72 HIBAGEERICB W T, HbA 1R 7V I —
A HHAGEs (Gle-AGEs) DZ#jIZ A SN2 WS, TAGEIXEH O MAEZLEE-> THEKRT S
TEaAM L7, T EEA VA VMRS - ;7 7)) = RS2 X ) TAGEA B
PHZONLEZEERINT, SHIT, 2RBERBEZA~NDOT A NVK—-ZAHGIZL->TH
TAGEIZHbA 1 cTIEA LN WEKRDMMEEB) 2 KL 2% 2 LAVR SNz, BBROIMAEZEH)
Tfalf S N2 O HEAEE O BEEINOMBETH 555, 20094E I AHAD SHEHEIUCH T %
WOHA KT A4 v (BREREHEOMHFEO /-0 1 HORERIE % BPE1337. 5T, 1325, 0
gD T2 ARE) PR ENTe TOFA FIA4 &, EWNTHRE T 53
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BBl 7 B o BN 2 2 Gl AR K O L B I AP TAGEL NV EA 25| &I L,
TAGE-RAGERZHE X5 Z LB E S5,
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T7% <. RAGEZ%: EOB IR EEIZ T OFRBLL IR 5N 5 Z EVW S NIT% o720 B,
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FEBEIX T, apotosisk e b2 L E# 2 5N TWwb (Harman®Dfree radical theory). 154H K 4k
RO F 725 b ODKMELEY (AGE) T, &HA. Y. BRo7 3 /L pL okl
KM EDPORBIEE I NS AGEERIZELOFLEEFZ05 (3& A L OATEEER % W
&9 ZInsulinfkPitE (IR) REMEEE, & D DUHERFE T SN S SITHES %0 IR, LB,
SR IMAE. BR{LA b L A, renin-angiotensinsR JLH#E TAGEHUIIEHE S, #IZAGEIZZ
LR L., AR MHEMISHMREEDINE S 2, S ST, IRGEBERE BRI B OB
BCTh L L EMEINESEGRE (PCOS) &, SHEOAEERK TS ). AGEIZAHERE & L
THOHEELEREDODLEZEZ LN,
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ZWE L. AGEMH & ARTHGR. FRIRIRA & OFHEY 2 AT L 72, 3% TAGE & JRl# T AGE, Pent,
CMLIZE, Jfa%E. <k, MREB L ARELAOMBZ /R L7z MiETAGEXIEMEURE] C it i
kBRG] & 0 A EICE < IR Penti3 FELE AR & O 2E B C Rk S AR ARG & D A IS
> 720 4Fi BMIL, day-3-FSH. BEEARTE SV 1. IRELARREREE7, Ifnrh & IR TAGE,
Pent. CMLO12HT? 9 b, Fili, MIETAGE, JUI#Pent® 3 KT 0 A ASikise iUk O 4 &
VMK Td o720 MIFTAGEDT. 2404 b/ Kiii D & & O R=R 1%, 355 A T14%vs
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WricHHEEZ b7,

D EIZAGE M IR FE O LW inliE e 525 L 2, A7z (1) ARTAKI)
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PO IN TS, 72, PU/MRIIK BT O 2 #HE L T ) Hul/MEANIE
WITHRBE L 2 W BB MTA I T, Bea ZRBARE 5 2 EPMESI T D (i
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BEHS 5 & & b1, it A DHE L O/MRERFG O+ X B = XL LTl
L7z

(Z%3CHkK) Kitagawa D. et al. (2011) Cell,144, 364 — 375,
Kitagawa D. et al.(2011) Developmental Cell, 20, 550 — 562
Kitagawa D. et al. (2009) Developmental Cell, 17, 900 — 907
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