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Future of KSHV research

MicroRNA is one of the hottest research fields even in KSHV.
Thiskind of small RNA molecule seems to have profound effects on
cellular processes and then viral activities but their details have not
been elucidated totally. KSHV lytic and latent phases are regulated
by viral but also cellular microRNAs. Two specialists; Liang et al.
(2011) and Gottwein (2012) reveals the microRNA world of KSHV.

And finally, we have to think about treatment of KSHV-
associated tumors such as KS, PEL and a lympho-proliferative
disease, multicentric Castleman’s disease. It should be very hard
to treat these tumors in the immunodeficient setting. It will be
desirable if KSHYV specific strategy is designed, since these tumors
are very tightly linked with KSHV infection. Dittmer et al. (2012)
contribute for this theme and discuss about it.
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Kaposi’s Sarcoma-Associated Herpesvirus Induced Tumorigenesis; How

Viral Oncogenic Insults are Evaded
Keiji Ueda*
Division of Virology, Department of Microbiology and Immunology, Osaka University Graduate School of Medicine, Japan

Some viral infections in human are strongly related to cancer
formation. Apart from retrovirus induced cancer formation seen in
rodents and avian, virus induced cancer formation in human seems
to be very complicated. In human, mainly DNA viruses such as
papillomavirus, hepatitis B virus (HBV), Epstien-Barr virus (EBV), and
Kaposi’s sarcoma-associated herpes virus (KSHV) are etiological agents
and some RNA viruses such human T-cell Jeukemia virus and hepatitis
C virus (HCV) are involved in their specific cancer formation. It takes
long time for the viruses to cause cancers and we do not have good
systems to observe how the viral infection leads to cancer formation.

KSHYV is belonging to gamma-herpesviridae and an agent involved
in the formation of Kaposi's sarcoma (KS), primary effusion lymphoma
(PEL) and multicentric Castelman’s disease (MCD).

The virus' infection has a very strong link with these cancers.
The mechanism how the virus causes such cancers is, however, still
enigmatic and remains to be elucidated: KSHV latent infection should
beimportant in terms that this type of infection provides with an origin
of the related cancers. But, many genes with oncogenic activity of this
virus are Iytic genes, which are expressed only in the lytic phase.

As mentioned above, virus induced carcinogenesis is very
complicated and is attractive to take an insight how the virus causes
related cancers [1]. )

KSHYV expresses an extremely limited number of viral genes such
as latency-associated nuclear. antigen (LANA), viral cyclin (v-cyc),
viral FLICE inhibitory protein (vFLIP), kaposin and viral interferon
regulatory factor-3 (vIRF-3) and 17 viral microRNAs in latency. The
genes build an active gene locus in the KSHV genome in latency.

Among them, v-CYC, a homolog of cellular D-type cyclins,
functions as an oncogene to deregulate cellular proliferation which
leads to DNA damage response (DDR) and p53 induced apoptosis.
Normal cells respond to oncogenic insults and cannot be easily
transformed by choosing suicide pathway through p53 [2]. If the virus

J Blood Lymph
ISSN:2165-7831 JBL, an open access journal

- 3566 -

survives this situation, there must be a mechanism and this is one of
ways how KSHV causes cancers.

In this point a recent report from Leidal et al. 1] is attractive for
an insight to link the v-CYC induced oncogenic insult with subversion
of this activity by vFLIP and how the virus causes related cancers.
They found that v-CYC caused autophagy induced senescence and/
or apoptosis. On the other hand, vFLIP is known for an autophagy
inhibitor as well as an NE-kB activator [3,4]. And thus, vFLIP functions
to evade from v-CYC induced oncogenic insult/senescence and make a
direction of KSHYV induced carcinogenesis.

However, we should be careful whether such a pathway happens
in the natural infection course, since this kind of experiment is usually
performed in over-expression system. Actually, vVFLIP expression at
the protein level has not been confirmed even in KSHV infected PEL
cell lines and thus it is unclear whether such vFLIP activity is seen in
the native situation.

In summary, a report from Liang seems to be very important to

- explain how KSHV causes cancers by connecting oncogene (v-CYC in

this case) induced apoptosis and/or senescence [5]. Although there is-
no related report about the other human virus induced carcinogenesis,
similar mechanisms might be stealthing.
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Spinocerebellar ataxia type 7 (SCA7) is an autosomal dominant disorder associated with cerebellar neu-
rodegeneration caused by expansion of a CAG repeat in the ataxin-7 gene. Hepatocyte growth factor
(HGF), a pleiotrophic growth factor, displays highly potent neurotrophic activities on cerebellar neurons.
A mutant c-met/HGF receptor knockin mouse mode] has revealed a role for HGF in the postnatal devel-
opment of the cerebellum. The present study was designed to elucidate the effect of HGF on cerebellar
neurodegeneration in a knockin mouse model of SCA7 (SCA7-KI mouse). SCA7-KI mice were crossed with
transgenic mice overexpressing HGF (HGF-Tg mice) to produce SCA7-KI/HGF-Tg mice that were used to
examine the phenotypic differences following HGF overexpression. The Purkinje cellular degeneration
is thought to occur via cell-autonomous and non-cell autonomous mechanisms mediated by a reduc-
tion of glutamate transporter levels in Bergmann glia. The Purkinje cellular degeneration and reduced
expression of glutamate transporters in the cerebellum of SCA7-KI mice were largely attenuated in the
SCA7-KI/HGF-Tg mice. Moreover, phenotypic impairments exhibited by SCA7-KI mice during rotarod
tests were alleviated in SCA7-KI/HGF-Tg mice. The bifunctional nature of HGF on both Purkinje cells and
Bergmann glia highlight the potential therapeutic utility of this molecule for the treatment of SCA7 and
related disorders.

© 2012 Published by Elsevier Ireland Ltd and the Japan Neuroscience Society.

1. Introduction

Spinocerebellar ataxia type 7 (SCA7) is a progressive inher-
ited disorder characterized by ataxia and neurodegeneration of the
cerebellum and retina (leraci et al., 2002). The disease is the result
of an abnormal CAG repeat expansion in the ataxin-7 gene. SCA7
patients display ataxia in addition to neurodegeneration and neu-
ronal death of Purkinje cells (leraci et al., 2002). SCA7 knockin mice
also show’a neurodegeneration of Purkinje cells (Yoo et al., 2003).
Therefore, it is thought that the protection of Purkinje cells may
represent a therapeutic strategy to combat SCA7.

Additionally, following findings suggest that Bergmann glial
cells have been considered as another therapeutic target of the
disease. Bergmann glia are cerebellum-specific astrocytes that
are located around synapses between Purkinje cells and cerebel-
lar granule cells or climbing fibers. The glial cells play a role in
removing excess glutamate from synapses via two primary glu-
tamate transporters, glutamate/aspartate transporter (GLAST) and

* Corresponding author. Tel.: +81 166 68 2886.
E-mail address: hfuna@asahikawa-med.ac.jp (H. Funakoshi).

glutamate transporter-1 (GLT-1) (Huang and Bordey, 2004). A
mouse model that expresses expanded ataxin-7 specifically in
Bergmann glia displays a neurodegeneration of Purkinje cells, indi-
cating that a dysfunction of Bergmann glia contributes to the
degeneration of Purkinje cells in SCA7 mice and thereby progres-
sion of the disease in a non-cell autonomous manner (Custer et al.,
2006). Therefore, prevention of cell degeneration and concomitant
increase of glutamate transporter function may represent a valid
therapeutic strategy for SCA7.

Hepatocyte growth factor (HGF), which was first identified as
a potent mitogen for mature hepatocytes (Nakamura et al., 1984,
1989), exhibits neurotrophic activities in a wide variety of neu-
rons in the hippocampus, the cerebral cortex, the cerebellum, the
brainstem (midbrain dopaminergic neurons) and the spinal cord
(sensory and motor neurons) (Funakoshi and Nakamura, 2011).
Recent experiments have indicated that HGF exerts neuropro-
tective effects on various neurons in animal models of cerebral
ischemia, amyotrophic lateral sclerosis (ALS) and spinal cord injury
(Funakoshi and Nakamura, 2011; Sun et al,, 2002; Ishigaki et al.,
2007; Kitamura et al.,, 2011; Miyazawa et al, 1998). In the cere-
bellum, HGF is expressed in Purkinje cells and granular cells, and
plays a role in the cerebellum during both developmental and adult

0168-0102/$ — see front matter © 2012 Published by Elsevier Ireland Ltd and the Japan Neuroscience Society.
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stages (Honda et al.,, 1995; leraci et al., 2002). In a mutant with a
partialloss of Met function, the cerebellum was smaller thanin con-
trols and showed abnormal foliation (leraci et al., 2002). In addition
to the cell growth and development, HGF exhibits neuroprotec-
tive effects for mature granule cells in primary cerebellar neuron
culture (Zhang et al., 2000; Hossain et al., 2002). Moreover, over-
expression of HGF not only attenuates the degeneration of motor
neurons as a neurotrophic factor but also maintains adequate levels
of the astrocytic glutamate transporter GLT-1 in a transgenic mouse
model of ALS (Sun et al.,, 2002). This evidence led us to hypothesize
that HGF may have a therapeutic potential on cerebellar neurons
and Bergmann glia, cerebellar astrocyte subpopulations, in a valid
mouse model of SCA7 in which a targeted 266 CAG repeat seg-
ment (a length known to cause infantile disease onset) of ataxin-7
is knocked into the mouse ATXN7/Sca7 locus. These mice show fea-
tures, which resemble those observed in an infantile SCA7 patient
(Yoo et al., 2003).

The purpose of this study was to examine the effect of HGF
on the Purkinje cells and Bergman glia of SCA7-KI mice. For
this purpose, transgenic mice overexpressing HGF in a neuron-
specific manner (HGF-Tg mice; Sun et al., 2002) were crossed with

" SCA7 knockin mice (SCA7-KI mice; Yoo et al.,, 2003) and pheno-

typic comparisons were made in wild-type (WT), HGF-Tg, SCA7-KI,
and SCA7-KI/HGF-Tg mice. Overexpression of HGF attenuated the
shrinkage of Purkinje cells and prevented reduction of glutamate
transporters in Bergmann glia and improved motor performance
during the rotarod test in SCA7-KI mice.

2. Materials and methods
2.1. Animals

The SCA7 knockin (Sca7268Q/5Q; SCA7-KI) mouse is a knockin
mouse, which is a valid model of SCA7 that contains a tar-
geted insertion of 266 CAG repeats (a number that causes
infantile-onset disease) into the mouse Sca7 locus. The mice
were generously provided by Dr. Huda Zoghbi from the Baylor
College of Medicine, Houston, TX (Yoo et al., 2003). Neuron-
specific enolase (NSE)-promoter driven HGF transgenic (HGF-Tg)
mice were generated and maintained as previously described
(Sun et al., 2002). Heterozygous SCA7-KI male mice were crossed
with heterozygous HGF-Tg female mice, which had been back-
crossed with C57BL/6] mice for more than seven generations,
to generate WT, heterozygous HGF-Tg, heterozygous SCA7-K],
and heterozygous SCA7-KI/HGF-Tg mice. Mouse. genotypes were
determined by dot blot hybridization or by polymerase chain reac-
tion (PCR) using forward (5-TTGTAGGAGCGGAAAGAATGTC-3")
and reverse (5'-CCACCCACAGATTCCACGAC-3) primers for SCA7-
Kl and with forward (5'-CCAAACATCCGAGTTGGTTACT-3') and
reverse (5-ATTACAACTTGTATGTCAAAAT-3') primers for HGF-Tg
mice. Experimental protocols were approved by the Animal Exper-
imentation Ethics Committee of Asahikawa Medical University and
Osaka University Graduate School of Medicine. All efforts were
made to minimize animal discomfort and the number of animals
used.

2.2. Cerebellar neuronal culture

Sixteen-day-old mouse embryos (E16) were obtained from
timed pregnant C57BL/6] females (Japan SLC, Hamamatsu, Japan)
that had been deeply anesthetized with isoflurane and euthanized
via decapitation. Routinely, two pregnant females were processed
in parallel. Immediately after euthanasia, uteri containing the
embryos were removed and transferred into a sterile 100mm
tissue culture dish that was kept on ice and filled with ~20ml

ice-cold Leibovitz's L-15 medium. The cerebella were dissected
using a stereomicroscope. After removing the meninges, the iso-
lated cerebellar primordia were minced and transferred to a 15-ml
Falcon tube containing L-15 medium. The supernatant wasreplaced
with a pre-warmed 0.25% trypsin solution and the cerebella were
incubated for 4-5min at 37°C with gentle shaking. Incubation
was terminated by the addition of fetal bovine serum (JRH Bio-
sciences, Brooklyn, Australia). Following the addition of DNase 1
and centrifugation, cells were dissociated by repeated pipetting and
separated from non-dissociated tissue by sedimentation. The cells
were seeded in plates precoated with poly-L-ornithine (500 p.g/ml)
at 2.5 x 10° cells/cm?2. Cultures were grown in neurobasal medium
(GibcoInvitrogen, GrandIsland, NY) supplemented with B27 (Gibco
Invitrogen), 2 mM GlutaMaxl (Gibco Invitrogen), 1 mM adenine,
3mM KCl, 1% heat-inactivated horse serum (Gibco Invitrogen), and
a mixture of penicillin-streptomycin (100U/ml and 100 p.g/ml;
Nacalai Tesque, Kyoto, Japan). From 2 days after seeding, 10 p.M tri-
iodothyronine (T3)and 1 wM Ara-C were added in order to mature
Purkinje cellsand to prevent the proliferation of non-neuronal cells.
Half of the medium was replaced with fresh medium every 2 days.
The cultures were maintained at 37°C in a humidified incubator
with 5% CO, and 95% air. The cells cultured for 14 days were washed
with phosphate buffered saline (PBS) and fixed with 10% formalin
in PBS.

2.3. Tissue preparation

Animals (WT, HGF-Tg, SCA7-KI, and SCA7-KI/HGF-Tg mice) at
10 weeks of age (n=3 each) were deeply anesthetized with sodium
pentobarbital and transcardially perfused with ice-cold PBS fol-
lowed by ice-cold 4% paraformaldehyde in PBS. The cerebella were
excised and immersed in the same fixative for several hoursat4°C.
Fixed tissues were immersed in 10% sucrose inPBS overnightat4°C,
followed by 20% sucrose in PBS for 6 h at 4 °C, after which they were
subsequently frozen in powdered dry ice or CO, gas. Frozen tissues
were cut into either 16-pm or 40-um thick sagittal sections using
a Leica CM3050 S or CM1900 cryostat (Leica Microsystems GmbH,
Wetziar, Germany).

2.4. Immunocytochemistry and immunohistochemistry

Formalin-fixed cerebellar neurons or cryosections were incu-
bated in blocking buffer consisting of 10% normal goat serum
(526-100mL, CHEMICON, Temecula, CA) and 0.3% Triton X-100 in
PBS for an hour at room temperature followed by one or two of
the following primary antibodies for 20h at 4°C: (1) mouse mon-
oclonal anti-calbindin D28K antibody (1:250; 300, Swant, Marly,
Switzerland); (2) mouse monoclonal anti-GFAP (glial fibrillary
acidic protein) antibody (1:250; MAB3402, CHEMICON); (3) rabbit
polyclonal anti-GFAP antibody (1:10; N150687, DAKO, Glostrup.
Denmark); (4) rabbit polyclonal anti-c-Met antibody (1:50; SP260,
Santa Cruz Biotechnology, Santa Cruz, CA); (5) rabbit polyclonal
anti-rat HGF antibody (Ohya et al., 2007; Yamada et al, 1995)
(6) guinea-pig polyclonal anti-GLAST antibody (1:500; AB1782,
CHEMICON); (7) guinea-pig polyclonal anti-GLT-1 antibody (1:600;
AB1783, CHEMICON). For immunostaining of phospho-c-Met, sec-
tions were incubated with Blocking One Histo (Nacalai Tesque)
for an hour at room temperature, and then immunoreacted with
rabbit polyclonal anti-phosphorylated c-Met antibody (1:200;
(7240, Sigma, St. Louis, MO) in Signal Enhancer HIKARI B Solu-
tion (Nakalai Tesque) for 20h at 4°C. After washing the sections
with PBS, immunoreactivity was visualized by incubating them

further for 20 min at room temperature with secondary antibod- -

ies conjugated with Alexa Fluor 488, Alexa Fluor 546 or Alexa
Fluor 647 diluted 1:600 (Invitrogen, Carlsbad, CA). Fluorescence-
immunostained sections were observed under an Olympus FV1000
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microscope (Olympus, Tokyo, Japan) or an All-in-One BZ-9000
Fluorescence microscope (KEYENCE, Osaka, Japan). Digital image Z-~
stacks were created, and projections were made from them using
an Olympus FV1000 microscope and FV10-ASW software (Olym-
pus). Fluorescence intensity was measured using the NIH Image
Program.

2.5. Quantification of cellular Purkinje cell size

Sixteen-micrometer stacks of cerebellar optical sections were
collected using an All-in-One BZ-8000 Fluorescence microscope
and Z-stack images were joined into sagittal images using BZ-11
software (KEYENCE). These data were transferred into Neurolucida
software (MBF Bioscience, Japan, Inc., Chiba, Japan). Four stacks
(each 0.09 pm? in area) for each of three sections from WT, HGF-
Tg, SCA7-K], and SCA7-KIJHGF-Tg mice (n=3 each) were used to
measure the cell sizes of calbindin-positive Purkinje cells. Quantifi-
cation of cell size was performed as previously described with slight
modifications (Yoo et al., 2003). Briefly, each cell surface was out-
lined manually. The perikaryon area of each cell was estimated to be
the approximately circular area enclosed by the cell perimeter and
the extension of the cell perimeter toward the initial point of den-
drite extension. Partial cells and binary cell images were excluded
based upon cell shape and relative fluorescence intensity.

2.6. Enzyme-linked immunosorbent assay (ELISA)

After the mice were placed under deep anesthesia with an
overdose of sodium pentobarbital, the cerebella of WT, HGF-Tg,
SCA7-KI, and SCA7-KI/HGF-Tg mice {n=4 each) were collected,
quickly frozen and stored at —~80°C until used. Frozen tissue sam-
ples were homogenized, subsequently sonicated using a Bioruptor
UCD-250 (Cosmo Bio Co., Ltd., Tokyo, Japan), and centrifuged at
4+C. The supernatants were then used to quantify HGF protein lev-
els using ELISA (Institute of Immunology Co., Ltd., Tokyo, Japan)
as previously described (Kadoyama et al., 2007; Sun et al., 2002;
Yamada et al., 1995).

2.7. Assessment of motor performance

A rotarod apparatus (Bioseb, Paris, France) was used to assess
the ability of an animal to balance on an elevating rotating metal
rod (Carter et al,, 2001). Rotarod tests are a common tool of studies
of mouse models of spinocerebellar ataxia (Yoo et al., 2003; Custer
et al,, 2006). In this study, 10-week-old mice (WT, n=13, HGF-Tg;
n=12, SCA7-KI; n=12, SCA7-KI/HGF-Tg; n=8) were placed on the
rotarod, the speed of which was set at 5rpm initially and accel-
erated until reaching a speed of 20rpm for 5min. After taking a
rest for more than 5min, the latency to fall from the rotarod was
measured for 5 min using the machine mode (initial rate of 5 rpm;
acceleration until reaching 40 rpm for 10 min). The average latency
to fall for each genotype was calculated.

2.8. Statistical analyses

Statistical analyses were carried out using StatView software
version 5.0.1 {SAS institute, Cary, NC). Differences in the total
intensities of immunostaining for HGF, GLAST, GLT1, size of Purk-
inje cells, and regional HGF levels in the cerebellum among the
above animal models were all determined by one-way ANOVA
with Fisher’s PLSD tests. Latency to fall in rotarod tests was ana-
lyzed using the Student’s t-test. The results are presented as the
mean+ S.E.M. A value of P<0.05 was considered statistically sig-
nificant.

A
calbn,n c-Met ca!bidinlc-Met

CA

c-Met

B calbindin calbindin/c-Met

, -Met

GFAP/c-Met

Fig. 1. Immunocytochemical and immunohistochemical localization of c-Met in Q3
cerebellar cells in vitro and in vivo. HGF receptor (c-Met) is expressed in Purkinje
cells of the mouse cerebellum in vitro and in vivo. (A) Immunocytochemistry in pri-
mary neuronal cultures of the cerebellum from E16 mouse embryos. Purkinje cells
show double immunoreactivity (white arrowheads) for calbindin (red) and c-Met
(green) in culture. Bar, 30 wm. (B and C) Immunohistochemistry in 10-week-old
wild-type (WT) mice. (B) Purkinje cells show double immunoreactivity against cal-
bindin (green) and c-Met (red). PL, Purkinje cell layer; ML, molecular layer. Bar,
30 wm. (C) Bergmann glia show double immunoreactivity against GFAP (green) and
c-Met (red). Bar, 30 pm. (For interpretation of the references to color in this figure
caption, the reader is referred to the web version of the article.)

3. Results
3.1. c-Met is expressed in the cerebellar Purkinje cells in vitro

To assess whether cerebellar Purkinje cells are potential tar-
get cells of HGF, we first performed double immunostaining of
c-Met (green) and calbindin (red), a marker for Purkinje cells, in
primary cultures of embryonic mouse cerebellar neurons in vitro.
c-Met-immunoreactivity (IR) was observed in a large number of
cerebellar neurons, with most of these presumably being granular
cells. In addition to these neurons, c-Met-IR was indeed detected
in calbindin-positive Purkinje cells (Fig. 1A).

3.2. c-Met is expressed in the cerebellar Purkinje cells and
Bergmann glia in vivo

We next assessed whether c-Met is expressed in Purkinje cells
in vivo using double immunostaining for c-Met (red) and calbindin
(green)in the cerebella of WT mice. c-Met-IR was detected in Purk-
inje cells of the cerebella of WT mice. In addition, c-Met-IR was
detected in other cells surrounding to the Purkinje cells (Fig. 1B).
These cells that were closely apposed to Purkinje cells resem-
bled Bergmann glia. To determine if these rion-Purkinje cells were
Bergmann glia, double immunostaining for c-Met (red) and GFAP
(green), a marker for Bergmann glia, was performed. As shown in
Fig. 1C, c-Met-IR was detected in Bergmann glia. These findings
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indicate that both Purkinje cells and Bergmann glia are potential
‘target cells of HGF in vivo.

3.3. Immunohistochemical analyses of HGF and phospho-c-Met in
the cerebellum of WT, HGF-Tg, SCA7-KI, and SCA7-KI/HGF-Tg mice

To explore whether HGF can modify the degeneration of
Purkinje cells in SCA7-KI mice, we used neuron-specific eno-
lase (NSE)-driven HGF overexpression transgenic mice (HGF-Tg)
to introduce HGF into the Purkinje cells of SCA7-KI mice. Cross-
ing SCA7-KI mice with HGF-Tg mice generated the following four
mouse models: (1) wild-type littermates (WT), (2) HGF-Tg, (3)
SCA7-K], and (4) SCA7-KI/HGF-Tg mice. This approach allowed the
stable introduction of the HGF gene directly into the cerebellar neu-
rons of SCA7-KI mice. Confirmation that HGF was introduced into
the cerebellum of SCA7-KI/HGF-Tg mice was accomplished with
immunostaining. HGF-IR was faintly detected in calbindin-positive
Purkinje cells and GFAP-positive Bergman glia of the cerebellum in
WT and SCA7-KI mice (Fig. 2A, upper panel), while more intense
staining of HGF-IR was detected in Purkinje cells of HGF-Tg mice as
well as in SCA7-KI/HGF-Tg mice (Fig. 2A, bottom panel). In addi-
tion to Purkinje cells, HGF-IR was detected in cells surrounding
the Purkinje cells, i.e. GFAP-positive Bergmann glia. These findings
were further confirmed by quantifative analyses of the immunoflu-
orescent intensity of HGF-IR in sections of the cerebellum (Fig. 2B)
and HGF content using ELISA analyses (Fig. 2C). These findings sug-
gest that overexpressed HGF in cerebellar neurons is released into
the extracellular space, and is in turn distributed to Bergmann glia.

3.4. c-Met is tyrosine-phosphorylated in Purkinje cells and
Bergmann glia in SCA7-KI/HGF-Tg mice

Further attempts were made to determine if overexpres-
sion of HGF contributes to tyrosine-phosphorylation, and thereby
activation, of c-Met in SCA7-KI/HGF-Tg mice. The level of phospho-
c-Met-IR was much higher in both the Purkinje cells and Bergmann
glia of SCA7-KI/HGF-Tg mice compared to those of SCA7-KI mice.
These findings demonstrate that overexpression of HGF in SCA7-
KI/HGF-Tg mice contributes to the activation of c-Met in Purkinje
cells and Bergmann glia, prompting an examination of the role of
HGF in the modulation of these cells in SCA7-KI mice (Fig. 2D).

3.5. Overexpression of HGF attenuates the degeneration of
Purkinje cells of the cerebellum in SCA7-KI mice

To elucidate whether HGF plays a role in attenuating the degen-
eration of Purkinje cells in SCA7-KI mice, we next compared the
morphology of Purkinje cells from the cerebella of SCA7-KI and
SCA7-KI/HGF-Tg mice. Calbindin immunohistochemistry revealed
that Purkinje cells appeared to have large spherical cell bodies in
both WT and HGF-Tg mice, while a number of Purkinje cells with
reduced cellular size (degenerated neurons, white arrowheads),
were presentin SCA7-KImice (Fig. 3A). In contrast, many more large
spherical neurons were observed in SCA7-KI/HGF-Tg mice com-
pared to SCA7-KI mice (Fig. 3A). The size distribution of Purkinje
cells in WT, HGF-Tg, SCA7-K], and SCA7-KI/HGF-Tg mice is shown
in Fig. 3B. Quantitative analyses showed that the size of Purkinje
cells in SCA7-KI mice was varied from small (<150 pm?) to large
(>150 wm?; healthy), while the quantity of small Purkinje cells
(<150 wm?)was reduced in SCA7-KI/HGF-Tg mice (Fig. 3B). Namely,
the fraction of small Purkinje cells was significantly lower in SCA7-
IJ/HGF-Tg mice than in SCA7-KI mice. These findings demonstrate
that overexpression of HGF attenuates the degeneration of Purkinje
cells in SCA7-KI mice.
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Fig. 2. Immunohistochemical localization of HGF and phospho-c-Met in cerebellar
cells in vivo. Comparison of HGF levels by immunohistochemistry (A and B) and
HGF ELISA (C) in the cerebellum of 10-week-old WT, HGF-Tg, SCA7-KI, and SCA7-
KI/HGF-Tg mice using anti-rat HGF that detects both endogenous and exogenous
(overexpressed) HGF proteins. (A) HGF-IR is elevated in HGF-Tg and SCA7-KI/HGF-
Tg mice. PL, Purkinje cell layer; ML, molecular layer. Bar, 30 pm. White arrowhead
indicates GFAP/HGF double-positive cells. (B) Fluorescent intensity (n=6 per group)
of HGF in each group. Mean HGF signal intensity was significantly elevated compared
to WT (**P<0.01, Fisher's PLSD test). Error bars indicate S.E.M. (C) HGF protein lev-
els in the whole cerebellum are elevated in HGF-Tg and SCA7-KI/HGF-Tg mice (n=4
per group, **P<0.01, Fisher's PLSD test). Error bars indicate S.E.M. (D) Immunohis-
tochemistry of tyrosine phosphorylation at positicns 1230, 1234, and 1235 of c-Met
(phospho-c-Met, red) in the cerebellum in 10-week-old mice. Phospho-c-Met stain-
ing is shown in the cerebellum in all mice groups. Phospho-c-Met-IR is elevated in
both Purkinje cells (lower left panel, green) and Bergmann glia (lower right panel,
green) of SCA7-KI/HGF-Tg mice compared to SCA7-KI mice (upper panel, green).
White arrowheads indicate GFAP/phospho-c-Met double-positive cells. Bar, 30 pm.
(For interpretation of the references to color in this figure caption, the reader is
referred to the web version of the article.)

3.6. Overexpression of HGF maintains the levels of the glutamate
transporters (GLAST and GLT-1) in the cerebellum of SCA7-KI mice

Bergmann glia are responsible for glutamate uptake (removal)
from the Purkinje cell synaptic cleft. It has been suggested that
polyglutamine-expanded ataxin-7 induces Purkinje cell excito-
toxicity by interfering with Bergmann glia-mediated glutamate
uptake. This is due to the fact that the expression of GLAST, a
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Fig. 3. HGF attenuates degeneration of Purkinje cell bodies. (A) Immunohistochem-
istry of calbindin (green) in the cerebellum of 10-week-old mice. SCA7-KI mice
displayed smaller Purkinje cell body size than WT and HGF-Tg mice. SCA7-KI/HGF-
Tg mice showed an attenuation of shrinkage of Purkinje cell bodies. PL, Purkinje
cell layer; ML, molecular layer. Bar, 30 um. White arrowhead indicates degenera-
tive Purkinje cell changes. (B) Quantification of cell numbers with different Purkinje

glutamate transporter in the cerebellum, is confined to Bergmann
glia and marked reductions in GLAST expression (and glutamate
uptake) have been observed in presymptomatic Gfa2-SCA7-92Q
mice (Custer et al,, 2006). As c-Met is expressed in the Bergmann
glia of WT mice and is phosphorylated (i.e. activated) in Bergmann
glia in SCA7-KI/HGF-Tg mice (Figs. 1C and 2D), we next examined
whether HGF affects the morphology and function of Bergmann
glia. Immunostaining for GFAP revealed that obvious morphologi-
cal difference of Bergmann glia was not detected between WT mice
and SCA7-KI/HGF-Tg mice (Fig. 4A). We then examined whether
HGF modulates the down-regulation of GLAST levels in SCA7-K]
mice. Immunostaining for GLAST revealed that GLAST levels were
decreased in SCA7-KI mice compared to WT mice, while the levels
were generally maintained in SCA7-KI/HGF-Tg mice (Fig. 4B and
C). These findings demonstrate that HGF supports GLAST levels in
SCA7-KI mice. We then examined HGF regulation of GLT-1, another
glutamate transporter that is also abundant in the cerebellum, by
a similar mechanism. Immunostaining for GLT-1 revealed that the
levels of GLT-1 were markedly decreased in SCA7-KI mice com-
pared to WT mice, while the level was maintained or even increased
in SCA7-KIfHGF-Tg mice (Fig. 4D and E). These findings demon-
strate that HGF maintains or even increases the levels of GLT-1 in
SCA7-KI mice.

cellular body size (>250; 150~250; <150 p.m?) of each group (n=3 per group). The
number of small cells (area are less than 150 pm?) in SCA7-KI mice is significantly
greater versus WT and HGF-Tg mice (**P<0.01, Fisher's PLSD test), SCA7-KI/HGF-Tg
mice exhibit significantly fewer small cells compared to SCA7-KI mice (*P<0.05).
Error bars indicate S.E.M. (For interpretation of the references to color in this figure
caption, the reader is referred to the web version of the article.)

3.7. Overexpression of HGF improves rotarod performance in
SCA7-KI mice

Data obtained so far suggested that SCA7 could be improved
by HGF via the attenuation of Purkinje cellular degeneration and
reduction of glutamate transporters in Bergmann glia. Therefore,
we examined whether these improvements were reflected by
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Fig.4. HGF maintains the levels of glutamate transporters (GLAST and GLT-1) in Bergmann glia in the cerebellum of SCA7-KI mice. (A) Immunohistochemistry for Bergmann
glia (GFAP, green) in the cerebellum in 10-week-old mice. No significant alterations were detected in the morphology of Bergmann glia. PL, Purkinje cell layer; ML, molecular
layer. Bar, 30 ium. (B and C) Comparison of GLAST levels in 10-week-old mice. (B) Immunohistochemistry for GLAST in the cerebellum. GLAST staining is reduced in the
SCA7-KI mouse cerebellum and is significantly rescued in the SCA7-KI/HGF-Tg cerebellum. Bar, 30 um. (C) Quantification of fluorescent intensity (n =3 per group) of PL. Mean
GLAST signal intensity is significantly elevated in SCA7-KI/HGF-Tg cerebellum versus SCA7-KI cerebellum (*P<0.05, **P<0.01, Fisher's PLSD test). Error bars indicate S.E.M.
(D and E) Comparison of GLT-1 level at 10-week-old mice. (D) Immunochistochemistry for GLT-1 in the cerebellum. GLT-1 staining is reduced in the cerebellgm ofASCA7-.KI
mice, while significantly elevated in the cerebellum of SCA7-KI/HGF-Tg mice. Bar, 30 jum. (E) Mean fluorescent intensity (n=3-per group) pf PL. Mear} GLT-1 signal intensity
is significantly elevated in the cerebellum of SCA7-KI/HGF-Tg mice (*P<0.05, **P<0.01, Fisher’s PLSD test). Error bars indicate S.E.M. (For interpretation of the references to
color in this figure caption, the reader is referred to the web version of the article.)
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Fig. 5. HGF improves coordinated motor behavior of SCA7-KI mice. Comparison of
motor coordination in 10-week-old WT, HGF-Tg, SCA7-K1, and SCA7-KIJHGF-Tg mice
using the rotarod test. SCA7-KI/HGF-Tg mice display improved rotarod performance
compared to SCA7-KI mice (n=8-12 per group; *P<0.05,**P<0.01, Student's t test).
Error bars indicate S.EM.

motor performance of WT, HGF-Tg, SCA7-KI, and SCA7-KI/HGF-Tg
mice. To examine the ability of an animal to balance on a rotating
rod, rotarod tests were applied on each animal at 10 weeks of age.
There was a marked reduction in the latency to fall in SCA7-KI mice
compared to WT and HGF-Tg mice. However, the latency to fall of
SCA7-KI/HGF-Tg mice was significantly longer than that of SCA7-KI
mice (Fig. 5), suggesting that overexpression of HGF contributes to
the amelioration of rotarod performance impairments in SCA7-KI
mice.

" 4. Discussion

In the present study, we examined whether overexpression of
HGF, a pleiotrophic growth factor with highly potent neurotrophic
activities, exhibits a beneficial function in SCA7-KI mice. By cross-
ing SCA7-KI mice with HGF-Tg mice that overexpress HGF under
the NSE promoter, four groups of mice (WT, HGF-Tg, SCA7-K], and
SCA7-KIfHGF-Tg mice) were generated. The results indicate that
overexpression of HGF attenuates the degeneration of Purkinje
cells, maintains the levels of the glutamate transporters GLAST and
GLT-1in Bergmann glia and improves rotarod performance deficits
observed in SCA7-KI mice.

The molecular mechanisms responsible for these events have
not yet been clarified in detail. However, because HGF protein is
expressed and distributed in Purkinje cells and Bergmann glia in
SCA7-KI/HGF-Tg mice at much higher levels than in SCA7-KI mice,
and because the expression and phosphorylation (activation) of c-
Met was observed at much higher levels in both the Purkinje cells
and Bergmann glia of SCA7-KI/HGF-Tg mice, it seems likely that
HGF functions directly on Purkinje cells as well as Bergmann glia. If
there is a direct interaction, the ability of HGF to function not only
on Purkinje cells but also on Bergmann glia might represent a ther-
apeutic opportunity for attenuating the degeneration of Purkinje
cells, since recent genetic approaches suggest that an important
mutual interaction of Purkinje cells and Bergmann glia in SCA7
might, atleast in part, be involved in the degeneration of these cells
in this disease (Custer et al., 2006; Furrer et al., 2011). Furthermore,
Bergmann glia are also shown to secrete neurctrophic factors that
support Purkinje cells (Mount et al., 1995).

Purkinje cells are integrated into a complex neural network and
receive glutamatergic input from axons projecting from the infe-
rior olive and cerebellar granule cells. Hence, in addition to Purkinje
cells and Bergmann glia, which we focused on the present study,
other cells and their neural networks in the cerebellum may also
playarolein the pathogenesis of disease models of SCA7 and related

s01 Q2 diseases (Gatchel et al.,, 2007; Furrer et al.,, 2011). For example,

transcriptional down-regulation of insulin-like growth factor bind-
ing protein 5 (igfbp5) in cerebellar granule cells is proposed to be
involved in non-cell-autonomous degeneration of Purkinje cells in
SCA7-KI mice (Gatchel et al., 2007). It has not yet been determined
whether HGF could alleviate reduction of igfbp5, and this possi-
bility is worth examining in a future study. Given that HGF elicits
neurotrophic activity on cerebellar granular cells both in vitro and
in vivo (Zhang et al., 2000; leraci et al., 2002), we cannot exclude
the possibility that HGF functions on granular cells and alleviates
the down-regulation of igfbp5. Therefore, HGF may also contribute
to attenuation of Purkinje cell degeneration via cerebellar granular
cells.

It has not yet been determined whether HGF alleviates the
degeneration of the retina, the other region associated with phe-
notypic changes appearing in SCA7-KI mice. HGF and c-Met are
expressed in various populations of rat retinal neurons during
development as well as in the adult, and neuroprotective effects
of HGF on rat retinal photoreceptors have been reported (Machida
etal.,, 2004; Ohtaka et al., 2006; Shibuki et al.,2002; Sun etal., 1999).

The rotarod test is used to analyze motor phenotype, in the
aspect of motor balance and/or its coordination (Carter et al., 2001;
Custer et al., 2006). Hence, the ability of HGF to improve rotarod
performance raises the potential utility of HGF for the improvement
of motor impairment of affected individuals. However, further
experiments are required to address the relationship between the
outcome of rotarod tests in the present study and the clinical ataxic
phenotype of SCA7.

Cvetanovic et al. (2011) recently reported that genetic over-
expression or pharmacologic infusion of recombinant vascular
endothelial growth factor (VEGF) ameliorates the ataxic phenotype
and degeneration of Purkinje cells in a mouse model of another
type of spinocerebellar ataxia, spinocerebellar ataxia type 1 (SCA1).
Given that HGF promotes angiogenesis in a variety of disease mod-
els (Funakoshi and Nakamura, 2003, 2011) and that c-Met is not
only expressed in Purkinje cells and Bergmann glia but also in
other types of cells including vascular cells and neural progenitor
populations in WT mice (Funakoshi and Nakamura, 2011; Noma
et al., unpublished results), it would be interesting to know how
HGF plays a role in SCA1-model mice and whether HGF promotes
angiogenesis and neurogenesis in SCA7-KI mice. It should be noted
that exercise produces beneficial effects in alleviating SCA1 symp-
toms in mice (Fryer et al., 2011). Exercise is known to promote
HGF production in some patients (Yasuda et al., 2004) and that HGF
improves the phenotype of SCA7-KI as shown in the present study.
Hence, it would also be interesting to examine whether exercise
plays a role in the attenuation of the progression of the course of
SCA7-KI pathology and if HGF is involved in the process.

In summary, the present study provided the first evidence that
overexpression of HGF is beneficial for attenuating the degenera-
tion of both Purkinje cells and Bergmann glia. Considered with the
notion that intrathecal injection of recombinant human HGF pro-
tein has been shown to be effective in several disease models, such
asa transgenic rat model of ALS (Ishigaki et al.,, 2007) and a primate
model of spinal cord injury (Kitamura et al,, 2011), our findings may
raise the possibility of a therapeutic use of HGF in SCA7 and related
disorders.
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(1) BX

RO AN AZE

L R

p

1960 (T Blumberg 57— b5 U PHIREFFREDESEZE T b?/)%i’@.ﬂ%ﬁb‘“\
B33ELTND, CORIRTED BEFFKE D1 )L (hepatitis B virus : HBV) DR
FEMTHOIc. DFEPZDRRBEEEIC, HBV DEEBRIDRE, BLFEE &
(S HREDRRITILES, DOFVDBRICERI Uiz, ULDUEDS, BERRBRANE
ELENCEDS HBY DOTINRZEF 0Iz<ERLTHST, HBVDED ST
TONDHEET, BUSDNLIBEFS, FFEE, FHAEN IR ERREDRIES
BIERBEZRDZB0, BEERICE HBY BRESHZEDEE - BEL, BESLIZ, DD
BRELBRARERUTESENTIRTHD. DTN AEBADEEERATIHRO%EE
RID, ’

ci

Key Words : hepatitis B virus, HBV, 5, BERSHM, BRR

ERBRFEOFEZWHLP L,
1970 FRB A~ 80 EMRFIFITH T T,

3L ®Ic | }

Blumberg »'H ML EFE BT IHROH
RE—APZVT7HE) 2ERLBEL-D
21965 &Y, 20#%, BETHOEDIME
FFR & DBEENSHEIL S N, ZOREER
FH BB R T A4 VA (hepatitis B virus :
HBV) TH 3. bHETRATNA S BB,
BENMCBO2EFEORERR2HEL T
29, BRSSO, BB EFLLS
FFEZ, FDANORRBETYRE» L DE

DFEYENVREFEOWILLESE - T,

RRETANIE ) LDIa—= 7 LIRS
EFIPREI N, ToWEOUY Y FFr v
(woodchuck hepatitis vitus : WHV) i1
A (ground squirrel hepatitis virus:

GSHV), BETR7 v (duck hepatitis B
virus : DHRV) %% (heron hepatitis B vi-
rus) KHREBEDOVANVAPEET L&D
eIz INT, MABCIENERTHELF

Viorology of the hepatitis B virus

"REAEAEREFS AW RRUERGBEEFEREY { VAFE 3% Keiji Ueda
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>2%2/— (chimpanzee hepatitis B virus)
¥4 T v — & (orangutan hepatitis B
virus) % EWZ B FEEBEDNIR F U A NVANE
ELTHWBIEPHLENTEYY,

F7z, HBVIZHESE, 724 7L LT adr,
adw, ayw D LD CHEINT W e2hd, Tk
TRF/EATA~HELTHES AT
%4)0

NSRFUANVZADOEEZ, T/ LA X
NEHLHTNIL, BLZ 3.2kb HIBEDE T
M2 AREOBEBREDNAVANVATHEZ L,
BEREFEREMICEST, 2T7EETF, pol
BEF, SEGFL XEETFDI274DT
H5 (BREONSRFUANACE X EEF
BEELEHEINTE) ZE%, DNAY
ANWATHY Bh b BEICHEREEENFE
TEIETHBYSY,

STEMEHFRIC L ) SRETOREE
BEERE, HARBIEDBATD LI BAFKE
EDHEBEPHEINTE e, LLLEDDL,
NSRFTUANVAEREL S ETHRENT
WIRWVVRERBEEMN2OH D, FOMEN
BRI N VIRY, ~SFFTUANVADED
UANWRE, FRREWMP VA NVADEEICHIL
TRREBEOBEERILZVDDEZEZ TS, £
DEES LR, RV OEELTBRERIER
LI e, ~RFv A )V AEEEESE pol
@inviz‘ro?‘Y“E/f%ﬁi%ﬁ:bﬁb‘C EThb,

ARG T HBY 28 L8, SiRO/BER
SNEOEE2EBECDOTHH Lz,

HBV RFEE, /L, BEF,
EEEY

HBV OB F i Dane fiF & EH
ZERMTFLEFORIBOATRTF (5 TVN)
TRERIN, FY 7Y RFREVA VAT L
ZRNET S (E1A), sido &<, HBVD
B AIE DT IV MCEBI T

B, i, B 2AKEDNAY )/ LTR%Z
{, AWM 2EXEHDORIRDNATHE, 35
i, O DNA D 5° BICKIg & >80 ifliE
L, ®EDNAD S 23754 v—RNAH
DVTLELVIHMBEDORBEZ LT3 (B
1B)o &7z, VIO UANWAS ) LREDIE
FHEREE (untranslated region @ UTR) (28
BEEICHE & & 2 b5 direct repeat | B
T2 (DR1, DR2) BEFIMH %, DR1 XS
VFEJLRNADS I, Wi DR2ZBL
DRI DEELTW3BY,
COELDTIALIY MRS JCYA
AELTOEACBLELRE/NEOBETH
2-KShTVB, ZhbOEETFE, 27
(C), pol, SE XEEFEFD4L4DTH%, 37
BIEFL SEETFRRANVBORNICLY,
a7 EEFE preC-C CO2DIZ, Fie,
SEEFidlargeS (LS), middle S (MS),
small S (SS) D3 DT sz (E1),

preC-C (L a7 —-17) #5F !

DA NVADF % TV RIS Db 2 s
BETEWZLET 2, 2DO0 inframe §
RaRrvicky, preC 2973 /% (aa))-
C(185aa) OHRAWMOBL 2 2h, COAD
FAMOBE R EPRESI NG, PreC-C
HHrWICEBFEEBOEEED TV
b3, preC-C DFHAILY #1272 512 preC-C
HFBGE I RV ATG X0 ER» SEEHNH
BIANLBENH S, 7z, COFFITHL
DLEEEYE, wb®53 V7 ARNA
LEZbNS (B2A),

PreC-C E#i3 N RICBUKET X/ BECS]
DERBNMYTFDHY, 1, CRD
TUWVEZVEBELEBORM TR INAT
HBe HIE & LTHWS N5, HRe FEE
EDTANVACE > TOEBHZERR &<
bbb, CERTFEMERLALL—

HBV (hepatitis B virus ; BEFRY A VX)
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1. BEFF% (1) BEFXROYIILRE

(A : ( B) pres-S RNA
2.1k @
large S 2.2k =
HBVRIF middle S 2.4kbe!
(Dane RiZ)
small S
2 ~ .
& 66’0 .
2t - e I
e T &//
. X RNA~0.8kb
L .
1 HBVRFES/ L

(A) HBV ORISR TS, HBV BHA 2 EEHDNABREE2 1DV / LERET 2 a7HT (/Y
R) &, #RBWS 5 ERBER D, SER, LS, MS, SSTHEKEHE, B)HBVS /4 (ROER, #r2
BT ofE, BEREEY M HVER, BETF (Z0RARVE) (R ey 7XRH) %
T 7/ LIS ICEREZ /37 (P) (HBV pol) 3B LT3, BEICEE L DR (direct repeat) 1,
DR2 DAIBWRINTWS, BEEYD 5 X cap BEZEY (o) RV ATHbS, 3.5kb mRNA RIEHEIE
.preC-C LD bH 5 preCATG #&Ldb D e, 2V 1F ./ L RNA (pgRNA) /i 5is, pgRNA
OWTODE, e DNE, MEBFRLTHB, preS-SELRICHHH S mRNA K, 2.4kb (LS), 2.2kb (MS),
2.1kb (SS) TH B, i, 0.8kb mRNA B X BEETEED mRNATH S,

HBV : BEIFFE T A VR

N=Z v FLTWBEI b, F¥Y7T{EP
BT &b & OFEE HBV B IcERE L
TWaHEEND B LBEbILE,

M HBe iR DE X HBV BIEF R DIEE)
e bk {BEEL, HBVERERIZ X (K
Bl T\ 5%, HBe HUREE/L L HBe HilED
BB 1L & v S seroconversion i preC 4RI
WO RUNDOEER L 372D ZEHH
ENTHBY, Ihick by, FFRHERD
BB,

CEZFEYIX HBY O a7 FERICH
HRE R VISVEFTHE, 2EBEPESR
TERNZITHTERBRT2LEL 60T
W5, BE—ERETTHELD, T (T tri-
angulation number) =10 &> & b EHZ
EZHEEF Y 7Y REBET 2 TR
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(X4 &9)

% H3, cryoelectronmicroscopy 2 & % HF
ERBEEBIT TR T=3~47T, H180~
20 3 Fh bk A E_+THEEEZ LT
VBRI EbhoTNET,

ATRFOREER TR r—Y 7V 7
FerHLTTVT /7 L RNADRLFICH
DREhH, BBEVRBAT R OHFES
AR LDD, vy LARNA D HHERE
WLV OEDNAER, £ L TOHEDNAGK
DETTEIOEEZLLENEY, a7 XN
TR EETE L l3FBEI LTS
B, ATRTFZDHOWE I THERIH, £
D& HBECENFICERENE 1RE,
YA VAR THRO XA F Xy I FEE
A= S WA = N RSt AR
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€Y . CELIED

p25 B
p22 ;
p17 (HBe)
p21

pol

1 178 347

(8) SEBIEFEY
75 N 400

691 843

M2 7 (C), S, pol DEYEIFEREEE

(A) CEEFEY., AN OREpreC-CLCD20THEH, BEHKBINLEZ VI IBRABELZ L
EZbN T3, p25 & preC-C DRIFREE LTHIEL, NIROAWS 7 F I (=29 ~—9aa) (p22) & 150aa

PBEOT7 NV CE

FEHH T O ASRTpl7 ELTHWENE, ATHTOELCE p2l ibdbs L

EZZbhd, (B) SEETEY. SSHAZLEL LT preS2 b >/ MS, & 51z preS1 b o7 LS »
BEEND, preS2 & SS O CHOORBHEMMIEA 2R T, (C) HBV pol &#/87 DMEEEMRIE, Nii» b4

VIT IS A4 I IHERC Db B RS 8T, HEiE
4R, RNA SRS D 5 RNaseH S88» 5723,

HBV 7/ LEE ORBENEE 2 R/ H
FThH5, 84baaBiEr by, RgX>
%7 FEI, tethering $83# (b L { (& spacer
), VEEREEEEE, RNaseH #iR
EVIFBRAAUPEBRENZEELLN
3 (B2B), sidoayiozicidviba
A VAD gag-pol E RIS DL DT
Ty 7 —EOEERED ERE L, HBV
pol BT AEZTTERAA VKBS
h, BREAPRETIAREILEELLN
% 5) 9)0

HBV (3 5EE% $ DDNA VA VAT
HY, WEERBEZHDORNA VA VATH
ZrbhavA VADEFERLBEEANLEOD

BRS¢ 5 A——, BREFELEDWEE

(X5 £ 9)
Hb, Thbb, VavA4 IVATERE,
TRREAZICHREBRRESRT Y, BEY
i 2485 DNA & %2 O BRI EFICHE AR
Fh, EEFRERE, BEEEMNETT S,
—7, HRV CRBRE, BEEME LT
EWE NSV L RNA 2 BRI TR
AR CHEREINETT 5, 272, HBV D4
ERCREFRERCEARTNIBEIER
B3y (R OEIERRE TR
BEMCHEARAEIZ I EZHLRTE
O, FHBETRVINaYANVAY ) LADRE

2
TR )

EAI 0 LTR (long terminal region) o #8%
9% DR (direct repeat] 35", 3 OWE&HIC
MET 2 RERELH THEEICHEAAADTE

ZBEIEPHENTVE) Y,

LTR (longterminal region) DR (direct repeat)
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HBVR FHBREBRTE2ELZ 7 ThH
%, Small S (SS & L < 1% HBs) % @5
& LT, preSl1 (108 ~ 120aa) EHEREIA D
Ry bHASNLE large S (LS, 389 ~
401aa), preS2 (5baa) FIFREE T Kb b
BRI N5 & middle S(MS), SS(226a2a) &
BB R LB INE L SSHEER

3 (B2C), IhbDEEESOHGE)
EIDLIREENTREINEGLEZLNT
VW53, SS BRI KT 2EEEYWHEER
I2%EVy, SSICRFNEBTHTER - o
BH Y, BHfEE DD Dane T LK
1,000 {i@g“c SSHF(HLLE HBS?bL“T*)
ELTRELECHWEINS, :

Dane RI-FOWEICIX SSicmz, LS 3k
ZEThY, ATHTFENET 2BRETRTY
A XDPHERRO A6 DEELREIRHEH- T
3 Ebis, MS & Dane I FBRKIC ST
LHDBETREVERDNED, TihzEE
TEHWMETHEELTVEEEZ LN, I
D, LS, MS, SS OEE Dane RiFEK%
T %%, subviral i F& L TDADWS
NEPDORTHILE->THEHDEEZLN
%“ 1 12)0

X BEFED

HBV 7/ LDBEEGIIPRES L7 & &,
HERRMOFARFTAE Y # (ORF : open
reading frame) & U THEE S #1172, # 0.8kb
OEREOEEENLLFRINSLE LN

% (B1B) RN 7T VERED, vAVA

EEEERTFOBETEER BT 5 BE»E 4
HEINT B, THVOBERTOEE
RA M, DHBVKCR X EERFLHEEYE
§°, DHBV BRE7 e VCRFDPAVBFEEL R
WEWEH L XBETFRELEVALD
@@T@%o%@ﬁ%VX$?VX§1:y

1. BERRR (1) BEFROUVAIVRE

IR ATHEFAMEESI NS P, HAE
AR FTA VAT REREICEERYSELD
EOHELHBDN, BEZOLOICHEND
20, BEEEMICER?DZDO0HER
AZRbZ

XEURZES I3l b0, &
B R A REPO—RERRR»LE
ENIzbDTHZ W, X 227 (SHILEM
FRTHERETHY, EROEEROHT
CEOBERRL, FOXRBRECRE o
BEIXM e Dby, F/, RECERAINLIER
Whodlyasl, ThI—KEIVIEER
Dh, EEMHA 2 0h, BHEREH,

Il HBY (45E8R (K13) SEE (H4))

HBV 04 EERIZE 12, DHBV OFIRE
ERFIRERRPE G VLT OB RE R
WIBRTTREICERD LI KEZLNT
W5, \

7, MRREORENBRSEEENL
TfE - BAL, BRERILITE, HBVD
7)) LBHBOTE L, O DNAD 5 ITE
I & 2087 (pol) BEERFEE LT 55,
TUDSEL O ehd, Zh, RigX /1\7{1151:1
AOEBEOEGERIIES S MY Y78 N5,
@©# DNA O RNA 754 v—bE D Edh,

FTEREPEEING, BEICEF vy iR
FTARTEHDRL SHEESINT, FTAIFR
A oBmIt 2 A DNA (covalently closed
circular DNA : cccDNA) &% 5, Z0O#iE
iZ HBV pol B3AERE S DWW EIEEBHO H
5LI5Ths,

cccDNA R ¥S / Lk, HBVEE
mRNA (3.5kb mRNA : 7147/ A RNA(C,
pol), preC- 7 v %/ L RNA (preC-C,
pol ?J, 2.4kb mRNA (L8], 2.2kb mRNA

(MS], 2.1kb mRNA (SS]), 0.8kb mRNA
KN »EEINS (1B, 3), Joflicy

ORF (open reading frame)
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cccDNA (covalently closed circular DNA)
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EES( - EONABRD

B3 HBV O4£ES

HBV Q& EBOBEZR L ., HBV BLANTFREES 2 SERCESE, 5
FREES LRIV RV —ACHEBERRIL, a7EF@HEE~RNI A
2, ATHFRGBREINDZLFEESINTWEY, 070X TH /) LDNAD
FowFREDLN, KEX VI BRI IT, BATRTS A FEOWSR
coccDNA £ 3, COTZYY—AREEFHSHTHY, HRBVEEESYHEE
ah3, ¥ LEREEE5ENS RNA R pgRNATH Y, a7HFOTE>TY—
LRBLT, Rubr—Yv, EEREREHETT 2. 5WE Nl HBVET
D) MEESR HBV 7)) WEER2 L 5> TH ), O DNA SREIEN FICH YA
FNBEETIRTLTWBREEZ LTS,

HBV : BEIFF £ 4 VA

(XHAO & U %)

CEETFOBEDD preSIEhFTAT T4
ZEH 7 2.3kb i O mRNA (T b
EESABEY, IhbH5DOmRNARTNT®
SERMEY S DOLDT, OHEER O OEEE
WREAFICEHLA TR, TV A
RNA @7/ LA REVEL, B L I HE
BRI TWBE I ENFHETHY, %
7o, BHEEBEIATARTH B,

S5 ) L RNA D BER I iz pol 37
VL RNA DY =DV TV T T ve
SREEL, BRI TIAIVIITEoTE
S DNA DOERZHGT 2 (HBVOEEE 63
EZHOF YU LT I UBERAROER

CETERINILSHEHDNARTIVY ) L
RNAS® & HROHEMI 2RI EEL T,
S5, B ETOWHDOEE L EEEDO
SHDNA%®ZERT 3, SL7/ LARNAEBR
OEDNAERVELICENTplEED
RNaseH EHEIZ L O 2331553, 5 D DRI
2 ELEOETIRS D ERENICO8 DNA ©
DR2 IZHHFEICHRE T 5 Z L HOEDNA D
TSAIVITI S, OEDNAD 5 ODR]
BY EFTERINIDEDNA i 3° © DRI
WEELT, SHICOHEDNAGREZED 2,
DO DNAFRI SEETORF & X &
EFOORFAY CELELTWVWE, HFHNT

w2 3) (B4A), e 5 DRI, 5 0®EAE
S ) LARNAD S WHTFEET LD, T
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1. BEFFR (1) BEFFROUAINIE

A

G A_F

IS

M4 HBYNNI—I0ID0F )b (g) EBEBEEER AN A

(AYHBVHBV Rw r—I 7730 (e) RNAIC L { 5N 3 pseudo-not iEZ L 5L ELHNTV S,
HBV pol R Z 27 EBTRBINSG L LR TOT, MHIC 1R E % 5185 & (bulge) DIRTOT T
LRI HBV pol @ 63 BHOFu o b F54 3278303, (B) HBVEHA A= Xh, O eh b
ﬁrﬁﬁé‘bf:iﬁéﬁi?ﬁﬁ%&i 5 DRl £ CERkENEE, @IDRICEETSE I TEEOH DNA SR HRE &
%5, @5 DR1ZTOHDNAEGRIETT2ICL by, @ 5 pgRNA i3 HBV pol ® RNaseH E#ic &
IERSEI NG, T v THE~ DR] % 3D 5 0L pgRNA BA 4% DNA-RNA N TV y Rick b
WS BE A, OISO RNA DI LV DR2 EIBICAEBNCERES 32 L TOHEDNAERO TS 4
T LTHERETE (W hav 4 VA0 DNA RO 7S A v —& 7% % polypurine tract (ppt) 2% 3 3),
® ©#% DNA &Fi2O% DNAS $ T3, ® Z0%, 3'DRI CEET 2 - &7, @& 5D DNAAKD
i, TORGERET, © DREMOBEMYLEINE S L CBRIVER L 2, O DNA FREHERYL LI
HEEPTREVD, 50 ~80%L SvDL IATERIMELL TV 3, RETRERK /7 M LERF
L LTHIN TV A A, HBV pol 3RS CAMBINE W), RRA /I ~ERBEFEEZVEDDL 8
JELTERELTWS,

HBV : B EEF# Y A LA

(X#9 & 9)

HBV DWEE (O DNAERK) » b o JLEERIATRFE ERCATFESLTL
DNAER & Vo o—ED HBV &) LSS BREX YR CHNESNTER #BHLTH
ATFRFRTTFLNE EZ250TRY, 7 B E NG 2 E2 bNE, ITHTD
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COWAY B AWOBRICED X S 4TE
FERFVH DY, TANVIEFHREDLD
CHEEL TV B O, ZEEE DB DO,

BEEIHI L IBEE - HTFER RO, WE IR
BITH 5B,

HBV B¥eE 3 #HREIC2~3EA, HHE
THWFRIBOFABFEET S EEZLLNT
VWi, ZOEYRERERERY 7S EE
BEEZER, BEGEOR T XA DS
BELDDbHB, HBVERFEDBRERZA
VAR —T7xm iz & B seroconversion & H
BLIBENPRETHED, REIBEHNT
BB, LichioT, HBVIEBER{Z 5 Z &2
FIRD BN 55, HlHBV H 5 HIV F D
B WELINHATEERKR LDV LI - 2
ThD, s

HBV ORI S5 FEMFENFER EE
B3, ZEREFOREFSHLLICIHTE
Jeo LPL, THE TOHEH HBV OREH
BUANVAERY I TERICERLTVS
DD BT ELEND D, Thbb, Dk
& BEEMBEERA L in vitro BRELR T,
WHREThhiE~ U AERMA L -EERRT
FILTORIEVPBRETH D, Zhb DR
DOESTRHBV DU A VAR EZRESEE
B 5T, RRBEEBORED, Z0=E
R U7 B OB RN HET B I LR
R 3,

20, 5BOHBVHIR R DS ETHo

HBV B ARS8 - AEL, 20REZ
S bz LoD, BED»DOEER inviro, in
vivo BREZR R T 5 2 L, @ HBV pol D
E2 7 v ¥4 %Iz & % high-throughput i
HBVHIA Y ==V SV AT LRFENLT S
TED2ETHDE, TNHLDOHEBRUA VA
BICHINBHETH S,
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HBV BREEGOAH - BEL
AN

VA NVADFERD LT TIEERES T,
HBV OBRZEREZZ DD T 6 bhhoT
WEWVICE LY, BROBEEFEREFNE
CIBRETE T 20, FFEEMREROEER
AT EAERBELRL, b3
Ao, BEEFDAMBDY T2 DEEDFEEN
BOBBZHEBLTVWEWIEEEES A
%o FMINEEL MTREMRORTEREN,IC

- HBV BRVHERE S50, MENLAE, R

EOBEMIFEEZZ L, RETOHERICE
FoleK WA,
CEFRTANAICERT S L BEDLNEF
b3 Ah BB & A7z HepaRG & 103 &I
DYAMHREHS HBV 12 b BB EZERRT L
HIRINIZ®, ULh L, BEEEZELLDIC
2~ 3BHBREDHLFENLELRI L, &
BFHEIBRTI0BEET, LrdTFiv
Va1 #E/Y 10 FHMET 2 Bk
MTHeI el HRAECH A, (8
TEHERS R OBEE CHR STV 3), iPS
LI EFHROFE S UL DD T A
TTTRHELH LTV, ZOFENSL
WROFHEZE 25 &, HBVWEEIEa A
NCHEE - BERCERTE 3R L,
ZITRRY, HBVERZEEDHE -
HEL ZDINEE LTOBREROBTHNHE
THREEZ T3, ERE-TH, i
TOFRTE o7 S R ok T
Hb. VANVARBEEBOWSEZRANSLE
Z5EBLRTATTHBBLELRSE, &
AT YENTHEDL, iFinAs)—
DU REREEEL DD, UANVARBROE
I > THELREFERZRIT TV 3,

HBV pol 7yA4 L2574

BURTTSA IV THEEED, 1y ir—
DTV TFIve, ATRFOT RV TY —
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LR UTEELT 2 % C DR IED, %

ZVROMBLSRETH B R Y, HBRE

NESRERZEGHEALI LR 2,
High-throughput/mass screening ¥ X 5 A
DL, TRRBED B in silico AT 217512
LTHMEDB VR MBABICHETH 2,
WP ITEERERLIRETI S vwo ki i
2/oh, BXOTATT7% b LICETHEE
RO THE,

ﬁfaucz

FHBV U 7 F %S hT, byETR
BB HBV BRI i1 2 BT 250720
b, DYEICE T 2 HBV OEEMEE iz L
AWEFEBDTLE 57, DHUED 150 FA
BMOBE, HRCEEBAOBRESRH>TL
T, BBCEAD LU TOLBRETR W
%% HBV 7 4 VRS S HBVEF4, FFDSA
bbb NI LT ThE, —BEb
DTEMETANIAD LI ICHAZBH, i
T A VBRI RS K, Ba ORITE D
HOWBEDREKOEL, XY A VADE
BEGREERERTZ L, LBLARE
WCH I R ERE R TS LAk,
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