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Prospects for Preventative Vaccines Against Prion Diseases
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Abstract: Emergence of variant type of Creutzfeldt-Takob disease (vCJD) in humans due to infection from bovine spongi-
form encephalopathy contaminated beef and recent reports of human-to-human transmission of vCJD via blood transfu-
sion have raised great concern about an epidemic of vCID. The disease is currently difficult to diagnose during pre-
clinical stages and requires a very long incubation period for neurological symptoms to be evident. This therefore suggests
that the disease is already latently spreading and that opportunity for infection is thus growing among human populations.
Interestingly, passive immunization with antibodies against prion protein (PrP), a major component of the prion infectious
agents, was shown to protect mice from infection, indicating the possibility of prion vaccines. However, PrP is a host pro-
tein therefore immune tolerance to PrP has hampered development of them. Here, the so far reported attempts to over-
come the tolerance to elicit protective immunity to prions are briefly reviewed.
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INTRODUCTION

Transmissible spongiform encephalopathies or prion dis-
eases, including Creutzfeldt-Jakob disease (CID), Gerst-
mann-Striussler-Scheinker syndrome (GSS), fatal familial
insomnia (FFI) and kuru in humans and scrapie and bovine
spongiform encephalopathy (BSE) in animals, are a group of
devastating neurodegenerative disorders caused by uncon-
ventional agents, the so-called prions [1, 2]. These diseases
are characterized by pathological hallmarks of neuronal cell
loss, marked gliosis, spongiform degeneration and accumula-
tion of the abnormally folded, amyloidogenic isoform of
prion protein (PrP), designated PrP%, in brains [3]. It is
widely believed that prions consist of, if not entirely, Prp5°
and propagate via conformational conversion of the normal
cellular isoform of PrP (PrPS) into PrP% (Fig. 1) [4]. Indeed,
we and others showed that mice devoid of PrP® (PrP-/-) nei-
ther accumulated PrP®° nor propagated prions in brains even
after intracerebral inoculation of prions [5-8]. However; the
exact nature of prions is still controversial.

Prion diseases progress very slowly, requiring a very
long incubation period until neurological symptoms become
evident [9]. However, once such abnormal symptoms are
developed, the diseases become aggressive and affected pa-
tients usually die within a year [9]. Intriguingly, human prion
diseases manifest sporadic,; genetic, and infectious: disorders
(Table 1) [9]. Most cases (85-90%) of the diseases are a spo-
radic type of CID with unknown etiologies [3]. Familial
CJD, GSS and FFI are inherited diseases associated with
specific mutations of the PrP gene and about 10% of the
cases belong to this type of disease [3]. The remaining cases,
including those of iatrogenic CJD, variant CJD (vCID) and
kuru, are caused by infection [3, 10]. Human prion diseases
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are rare, with an incidence of about 1:1,000,000 worldwide
[3]. However, recent reports indicate that vCJD might be
transmissible between humans via blood transfusion [11, 12],
giving rise to the possibility of a vCID epidemic in human
populations. Therefore development of therapeutic and/or
preventative measures against the diseases is urgently
awaited. Here, recent studies of vaccines for prion diseases
are reviewed.

vCJD TRANSMISSION IN HUMAN POPULATIONS
Zoonotic Transmission

Epidemiological studies have shown that a species barrier
for scrapie prions between sheep or goats and humans is sub-
stantially present {13, 14]. However, it is believed that BSE
prions overcame the species barrier and are transmitted to
humans_ via- consumption of cortaminated food [15, 16].
vCID was first recognized as a new and distinctive disease in
the United Kingdom (UK) in 1996 [17]. Since then, great
public health concerns about an epidemic of vCJD via the
zooriotic transmission of BSE to humans have been raised.
However, to date; fortunately, only about 160 vCJD cases
were reported in the UK despite more than 160,000 cases of
BSE being reported in cattle [18]. This might indicate that
BSE prions can overcome the species barrier between cattle
and humans but the efficacy would be very low. In addition,
BSE cases have dramatically decreased in the UK these days
due to banned use of meat and bone meal ingredients in ani-
mal feed [18]. It is thus rational to consider that risk of the
tranismission of BSE to humans has been markedly reduced
today. However, new cases of BSE are still reported in the
UK and other countries, indicating that constant survey of
the disease is still necessary.

Chronic wasting disease (CWD), another type of animal
prion disease, is spreading within captive and free-ranging
mule deer and elk populations in North’ America [19], giving
rise to a health concern of whether or not CWD also could be
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Tabie 1. Human Prion Diseases
Etiologies Diseases Incidence (%)
Sporadic Creutzfeldt-Jakob disease (CJD) $5.90
(unknown)
Familial CJD
ti .
. G(.ine ¢ Gerstmann-Striussler-Scheinker syndrome (GSS) ~10
(mutations in the PrP gene)
Fatal familial insomnia (FFT)
*cannibalism
latrogenic
*growth hormone therapy
*cornea transplantation
Infectious +dura mater transplantation ~5
*via neurosurgical instruments
svia depth electrodes of electroencephalography
Variant CJD (vCID)
+highly suspected to be transmitted from bovine
spongiform encephalopathy infected cattle

transmissible to humans. However, epidemiological studies
indicate that risk, if any, of CWD transmission to humans is
low [20, 21]. In addition, it was recently reported that hu-
manized mice, which express transgenic human PrP, were
susceptible to human prions but not to etk CWD prions [22].
These results indicate the presence of a substantial species
barrier for the transmission of CWD to humans from deer, as
occurs for scrapie prions to humans. However, the possibility
for transmission of CWD to humans cannot be completely
excluded.

Human-to-Human Transmission

In contrast to the reduced risk of transmission of BSE to
humans, opportunities for human-to-human transmission of
vCID via medical treatments or procedures are growing.
First, in contrast to classical type CID prions, vCJD prions
can be spread via blood transfusion as they can circulate in
blood in a considerably high titer. Unfortunately, three cases
of vCID considered to be transmitted via blood transfusion
have been reported [11, 12, 23]. One case was diagnosed as
vCJID by autopsy and the others developed the disease sev-
eral years after blood transfusion: from donors who eventu-
ally succumbed to vCID. Second, vCJD prions appear to be
more virulent than BSE prions in humans. Genetic polymor-
phism of methionine (M) or valine (V) at codon 129 of the
PrP gene is known to be a major determinant of susceptibil-
ity to human prions [24-26]. MM is the most susceptible,
MYV intermediate, and VV protective. All cases of vCID so
far reported to'be infected from:BSE are MM homozygous
[23,-27]. No MV or VV cases have been identified: How-
ever, one case of blood transfusion-related vCJD was het-
grozygous at codon 129 [12], suggesting that vCJD prions
may be transmissible to humans carrying not only MM but
also' MV or V'V genotypes. Consistent with this, studies us-
ing transgenic (tg) mice expressing human PrP with codon
129 MM; MV or.VV genotypes showed that MM; MV: and
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VV tg mice could be infected by vCID prions [27]. Finally,
since prion diseases require a very long incubation time and
pre-symptomatic diagnosis is currently impossible, it is as-
sumed that, among human populations, there might be a con-
siderable number of individuals who are latently infected
with - and incubating prions without any clinical symptoms.
Hilton ef al. investigated surgically removed appendectomy
or tonsillectomy specimens for accumulation of Prps° by
immunohistochemistry and showed that 3 out of 12,674
samples were positive for staining of PrP%°, although two
specimens displayed a dissimilar staining pattern of Prp%°
from that in vCJD [28].-This incidence seems much greater
than that so far reported for conventional human prion dis-
eases, suggesting that vCJD prions might be latently spread-
ing among human: populations and that latently infected peo-
ple might become sources: for secondary transmission of
vCID. It is thus important to detect these latently infected
individuals-as early as possible and take proper measures to
prevent human-to-human tranismission of the disease.

ANTI-PrP  ANTIBODIES AND ANTI-PRION. ACTI-
VITY

Prophylactic Immunization with Anti-PrP Antibodies

It was first reported that polyclonal antibodies to PrP; o-
PrP27-30, when mixed with hamster-adapted scrapie prion
rods in the form of detergent-lipid-protein complexes prior to
inoculation, could reduce infectivity by a factor of 100:in
hamsters [29]. These results suggested that anti-PrP antibod-
ies might be effective ‘against prion infection. Indeed, it was
subsequently shown that transgenic mice expressing a- 6H4
mouse anti-PrP monoclonal antibody were resistant to the
disease even after infraperitoneal inoculation with mouse-
adapted scrapie RML prions [30]. It was also demonstrated
that passive: immunization with anti-PrP- antibodies could
prevent prion infection in mice. White ef al. intraperitoneally
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Figure 1. A model of prion replication or PrP5° generation; A prion, which is thought to consist of PrP* oligomer, invades the CNS (A)and
interacts with PrP© expressed on the cell surface of neurons directly or indirectly via LRP/LR (B). The interacting PrP¢ then undergoes con-
formational: transformation to PtPS¢ either on the cell surface or in endosomes (C). The newly generated PrP% in turn interacts with and con-

verts another PrP€ into PrP° (D).

administrated a high dose (2 mg) of anti-PrP monoclonal
antibodies; ICSM 18 or 35, into mice twice weekly from 7 or
30 days post-inoculation (dpi) of RML prions and showed
that the treated mice could be protected from the disease
over 500 dpi [31]. However, the intraperitoneally adminis-
tered antibodies had no effects on prions directly inoculated
into the brains of mice, probably due to the blood brain bar-
rier, which prevents antibodies from accessing-brains [31]
These results indicate that development of preventative vac-
cines against prion diseases may be possible, but might not
be therapeutic.
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Possible Mechanisms of Anti-Prion Activity by Anti-PrP
Antibodies

It is postulated that the first step of prion infection or
conformational conversion of PrP¢ into PrP*° is interaction
of invading PrP*® with PrP® expressed on the cell surface. It
is therefore conceivable that anti-PrP antibodies might inter-
fere with this interaction and prevent the subsequent conver-
sion of PrP, thereby exerting prophylactic effects on the dis-
eases. Consistent with this idea; Kaneko et al. reported that
anti-PrP-monoclonal: antibodies, 3F4 and 13A5; which rec-
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ognize PrP residues 109-112 and an epitope formed by resi-
dues 138-165, respectively, prevented both binding of ham-
ster PrP¢ to PrP*® and subsequent conversion in a cell free
conversion system [32]. Horiuchi and Caughey also reported
that the polyclonal anti-peptide antibody 0:219-232 exhibited
similar effects, prevented the binding of both molecules and
subsequent conversion in the cell free system but 0:23-37 and
090-104 antibodies did not [33]. These results indicate that
binding of PrP¢ to PrP% might be mediated via specific sites,
including epitopes for 3F4, 13A5, and «219-232 antibodies.
However, in contrast to Kaneko et al. Horiuchi and Caughey
showed no inhibitory effects of 3F4 and o143-156 antibodies
on the conversion [33]. This might be due to different ex-
perimental designs of the cell free conversion s gstem used
[32, 33]. The exact in vivo binding sites of PrP" and prpse
remain to be identified.

Interestmgly, it was shown that antibodies that bind to
PrP® could clear both PrP* and prions from persistently in-
fected cultured cells, indicating that anti-PrP antibodies
could inhibit de novo generation of PrP% even in cells previ-
ously infected by prions [34, 35]. It is therefore conceivable
that this anti-prion activity also might be associated with the
prophylactic effects of anti-PrP antibodies. The exact
mechanism of this antibody-mediated clearance of PrP% or
prions is not fully understood. Kim ef al. showed that antx—
PrP antibodies carrying anti-prion activity disturbed PrP©
internalization, suggesting that the antibod dy- induced im-
palrment of subcellular localization of PrP~ might be in-
volved in its anti-prion activity [36]. It is also conceivable
that, as discussed above anti- PrP antibodies might disturb
the interaction of PrP® and PrP*°. Moreover, Perrier ef al.
showed that anti-PrP antibodies aocelerated degradation of
PrPC in cells [37]. It 1s therefore also possible that the re-
duced substrate of PrP® might be responsible for inhibition
of PrP*® formation.

Anti-Prion Activity by Anti-Laminin Receptor Antibod-
ies

PrP¢ interacts with the 37/67 kDa laminin receptor
(LRP/LRY either directly or indirectly (Fig. 1) [38]. Interest-
ingly, Leucht et al. showed that the LRP/LR~specrﬁc anti-
body, W3, could reduce PrP*® levels in infected N2a cells
[39]. It is also: shown that single chain Fv (son) against
LRP/LR, termed S18, successfully reduced PrP% by ap-
proximately 40% in the spleens of mice infected with RML
prions: when intraperitoneally injected once a week for: 8
weeks from 1 day prior to the infection [40]. These results
indicate that LRP/LR might be a co-factor essential for Prp*°
formation and that such co-factors might be molecular tar-
gets for preventative vaccines aginst prion diseases.

W3 was shown to  compete with recombinant PrP for
bmdmg to LRP/LR expressed on the cell surface and reduce
PrP€ levels in cells [39]. This therefore suggested that the
disturbed interaction between PrPC and LRP/LR by W3
might be responsible for the reduction of PrP%° formation, It
is:also possible that the. W3-mediated drssomatlon between
LRP/LR and PrP® might destabilize PrPC, or that LRP/LR~
PrPS-W3 complexes might stimulate mternahzatlon of PrP©
into lysosomes for degradation.
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IMMUNE TOLERANCE AND PRION VACCINES
Immune Tolerance to PrP

PrPC is a host protein expressed in various tissues, espe-
cially most abundantly in brains and therefore 1mmunolog1-
cally tolerated by the host [41]. Since PrP* is a major or
only component of prions and produced by conformational
changes of PrPS, prions are also immunologically tolerant in
the host [4, 42]. Indeed, it is well-known that specific im-
mune responses are not induced in prion diseases [43]. Thus,
overcoming immune tolerance to PrP is a crucial first step
for development of prion vaccines.

Heterologous PrPs Disrupt PrP Tolerance

Molecular mimicry between microbial and host antigens
is a well-known hypothetical mechanism for triggering auto-
immune diseases via production of auto-antibodies and/or
auto-reactive T cells due to similar amino acid sequences
shared between both antigens [44, 45]. We there-fore hy-
pothesized that heterologous PrPs, which are derived from a
different species to the host, could overcome the immune
tolerance and elicit antibody responses against PrP [46], be-
cause they are similar but not identical to the host PrP in
amino acid sequence [47]. Consistent with this idea, we
showed that mouse recombinant PrP failed to induce anti-
body responses in BALB/c mice (Fig. 2A). However, mice
were highly responsive to heterologous sheep and bovine
recombinant PrPs, producing high titers of antibodies against
them (Fig. 2A). In addition, most mice immunized with
sheep or bovine recombinant PrP generated antibodies capa-
ble for reacting with mouse PrP in consi-derably high titers
(Fig. 2B), but no autoimmune-related symptoms such as ar-
thritis or abnormal behavior were detected in immunized
mice. These results. indicate that heterologous PrPs are
highly immunogenic and able to disrupt immune tolerance to
PrP, inducing anti-PrP autoanti-bodies.

We then investigated prophylactic effects of immuniza-
tion of mice with sheep or bovine PrP on infection with a
mouse-adapted - Fukuoka-1-prion [46]. Non-immunized
BALB/c mice developed the disease at 291 * 10 dpi (Fig.
2C). However, BALB/c mice immunized with recombinant
bovine PrP showed delayed onsets at 322 + 15 dpi (Fig. 2C).
Recombinant sheep PrP exhibited variable effects against the
prion in BALB/c mice (Fig. 2C). About 70% of the immu-
nized mice developed the disease with prolonged onsets (Fig.
2C). It might be conceivable that mice producing higher
titers of anti-PrP antibodies are more resistant to the disease
than those with lower titers of the antibodies. However, we
do not know whether or not incubation times in the mice
were inversely correlated with titers of anti-PrP-antibodies
because each of the immunized animals was not independ-
ently identified in this study. Moreover, the exact reason why
bovine and sheep recombinant PrPs exhibited different pro-
phylactic effects against prion infection' remains' unknown.
The amino acid sequence between bovine arid sheep PrPs is
highly homologous but some’ amino acids differ. It might
thus: be: possible that these different’ amino acids between
sheep and bovine PrPs could differentially stimulate immune
responses in mice. Indeed, titers of anti-mouse PrP autoanti-
bodies were ‘more variable in mice immunized® with sheep
recombinant PrP than in mice given bovine PrP (Fig. 2B).
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Nevertheless, the results indicate that heterologous PrPs
might be effective stimulator of protective immunity against
prions.
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Figure 2. Immunization with heterologous PrPs delays the onset of
disease in mice inoculated with 2 mouse-adapted Fukuoka-1 prion.
BALB/c mice were: intraperitoneally immunized. with either puri-
fied recombinant mouse;: bovine or sheep PrP: 5-times at 2-week
intervals and antiserum was collected from each of the immunized
iice from each group. Specific anti-PrP IgG response against the
respective immunizing antigens (A) or mouse recombinant PrP (B)
was: investigated “by an enzyme-linked - immunosorbent - assay
(ELISA). Mouse recombinant PrP elicited only very low antibody
response. In contrast, higher response was detected: in mice immu-
nized with bovine and sheep PrPs. (C) Prophylactic effects of im-
munization: with heterologous bovine and: sheep. PrPs against the
Fukuoka-1.prion. Each immunized mouse was intraperitoneally
inoculated with: the prion. No effect was. detected in mice immu-
nized with mouse recombinant PrP (n=7). Instead; incubation times
appeared shortened, compared with those of non-immunized. mice
(n=8). In contrast, mice immunized with bovine PrP. (n=6) devel-
oped the disease. with significantly: delayed onset (p=0.0008; Lo-
grank test) and, except for two of the sheep PrP-immunized mice,
the other: five mice also- developed the disease. later than non-
immunized mice. Reprinted in part from [46]. Copyright (2006),
with permission from Elsevier.
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Interestingly, in contrast to our results, Sigurdsson et al.
reported that subcutaneous immunization of CD-1 mice with
homologous recombinant mouse PrP could induce anti-PrP
autoantibodies and slightly retarded onset of the disease fol-
lowing inoculation with a mouse-adapted 139A prion [48].
The immunized mice died at 189 * 4 dpi while control mice
died at 173 = 2 dpi after intraperitoneal inoculation with a
10-fold dilution of infected brain homogenate [48]. The ex-
act reason why Sigurdsson ef a/. successfully overcame im-
mune tolerance to PrP in mice by immunization with ho-
mologous mouse recombinant PrP is unclear. They used 0.5
M urea solution, in which recombinant PrP was resolved,
and mixed it with complete or incomplete Freund’s adjuvant
prior to immunization [48]. The potential immunomodula-
tory effects of hydroxyurea have been suggested [49, 50]. It
may therefore be possible that urea modulates immune re-
sponses, thereby stimulating immunogenicity of mouse re-
combinant PrP in mice.

Immune Modulators Disrupt PrP Tolerance

Pathogenic organism-derived pathogen-associated mo-
lecular patterns, including unmethylated CpG oligodeoxynu-
cleotides, are recognized by pattern recognition Toll-like
receptors and strongly stimulate innate and ultimately ac-
quired immune responses [51]. Interestingly, it was reported
that administration of CpG alone could extend survival times
in mice inoculated with the RML prions [52]. Mice were free
of the disease more than 330 dpi when CpG was intraperito-
neally administrated 7h post-inoculation and thereafter daily
for 20 days, while the control mice developed the disease at
181 dpi [52]. It was therefore considered that CpG might
induce protective immunity against prion diseases. However,
it was shown that such repeated administration of CpG
caused suppression of follicular dendritic” cells (FDCs),
which are essentially involved in induction of innate and
acquired immune responses and are already known to be
important for prion propagation before invading the CNS
[53]. Thus, the prophylactic effects of CpG might be due to
suppression of FDCs, caused by its repeated administration.

On the other hand, several studies indicated that, when
co-administrated with PrP, CpG- effectively disrupted im-
mune tolerance to PrP. Rosset er al. first reported that subcu-
taneous co-administration of CpG with PrP. peptides: could
break the immune tolerance to PrP in C57BL/6 mice; effec-
tively eliciting antibodies against the peptides [54]. It was
also’ reported. that CpG' stimulated-a humoral immune re-
sponse against nondenatured 139A scrapie prion-associated
fibrils  in mice, inducing significant anti-PrP autoantibody
production [55]. CpG is thus a potent modulator for over-
coming immune tolerance to PrP.

DNA vaccination has been shown to break immune toler-
ance to host proteins [56-58]. DNA  vaccines stimulate im-
mune responses via uptake by professional antigen-
presenting cell (DCs), where a DNA-encoded antigen is ex-
pressed and presented for T cell recognition, and by non-
DCs such “as keratinocytes or myocytes, which express the
encoded antigens and transfer them to DCs possibly as apop-
totic vesicles [56]. It is also ' conceivable that DNAs them-
selves might modulate immune responses similarly to CpGs.
Fernandez-Borges ef al. showed that immunization with
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plasmid pCMV-PrPLII, encoding mouse PrP fused to the
lysosomal integral membrane protein type II lysosome-
targeting signal, into the anterior tibial muscle of 129/ola
mice stimulated production of anti-PrP autoantibodies and
extended the disease incubation times by about 73 days in
mice after inoculation of a mouse-adapted BSE,; prion [59].
However, pCMP-PrP, which encodes mouse PrP alone, nei-
ther stimulated antibody responses in 129/ola mice nor pro-
tected the mice from the disease [59]. This result was consis-
tent with those of Nitschke ef al. showing that pCG-PrP en-
coding mouse PrP alone failed to elicit anti-PrP autoantibod-
ies and protect the immunized mice from RML prions [60].
Taken together, these results indicate that DNA vaccines
encoding PrP alone might have difficulty disrupting toler-
ance to PrP. Thus, the encoded PrP should be meodified to
increase its immunogenicity.

Modifications of PrP Stimulate its Immunogenicity

Using the Multiple Antigen Peptide (MAP) method, Ar-
bel et al. fused eight copies of a peptide corresponding to
residues 144-153 (helix 1) of human PrP, which is distin-
guished from that of mice by one amino acid, and immu-
nized BALB/c mice with the fused peptide [61]. The immu-
nized mice produced high titers of IgG specific to the immu-
nogen and the antisera could react with other heterologous
PrPs, including bovine, sheep and mouse PrPs [61]. These
results indicate that the MAP-mediated fusion of PrP pep-
tides could break tolerance of PrP. However, the PrP peptide
used in this immunization was different from that of mice by
one amino acid [61]. It is therefore conceivable that, rather
than fusion of multiple PrP peptides by MAP, antigenic het-
erogeneity of the peptide might contribute to the disruption
of immune tolerance. On the other hand, Magri et al. showed
that three different peptides corresponding to the: hamster
PrP residues 105-128, 119-146, and 142-179, each of which
was conjugated with keyhole limpet hemocyanin alone, were
immunogenic even in hamsters, inducing autoantibodies
reactive with" the corresponding free peptides and slightly
prolonging survival times: in the immunized hamsters after
inoculation with the 263K prions [62].

Heat shock proteins (Hsps) have been reported to exert a
strong adjuvant effect when coupled to an antigen [63, 64].
The artigens coupled to Hsps are captured by antigen-
presenting cells via specific cellular surface receptor and
displayed on cell surface MHC class I, stimulating immune
responses [63, 64]. Koller ef al. reported that PrP conjugated
with DnaK, a member of the heat shock protein 70- family,
successfully induced anti-PrP auto-antibodies in BALB/c
mice [65].

Gilch ef al. demonstrated that recombinant dimeric PrP,
which consists of a tandem duplication of mouse PrP with a
human or hamster-derived 3F4 epitope replaced at the corre-
sponding region, was immunogenic when subcutaneously
immunized, eliciting anti-PrP autoantibodies in C57BL/6
mice [66]. They also showed that monomeric PrP with the
3F4 epitope was similarly immunogenic in mice [66]. How-
ever, antibody repertoire induced by dimeric and monomeric
PrPs were different [66]. Dimeric but not monomeric PrP
could produce antibodies, which effectively inhibited Prp%°
formation in persistently infected N2a cells [66]. These re-
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sults provide the possibility that dimeric PrP might stimulate
protective immunity against prions. Polymenidou et al. also
showed that dimeric PrP was immunogenic in C57BL/6x
129Sv mice, inducing anti-PrP autoantibodies, but the im-
munization had no protective effects against intraperitoneally
inoculated RML prions [67]. Dimeric PrP used by Gilch et
al. was different from that used by Polymenidou et al. The
former contains a human or hamster-derived 3F4 epitope
[66]. 1t is therefore conceivable that dimeric PrP used by
Gilch et al. might acquire heterologous PrP-like immuno-
genicities in part, resulting in production of anti-PrP autoan-
tibodies with anti-prion activity. In contrast, the latter is a
mouse PrP without the epitope and therefore might have
failed to induce anti-PrP autoantibodies protective against
the prion infection.

Enhanced Immunogenicity of PrP Expressed on Virus-
Like Particles

Virus-like particles (VLPs) formed by self-assembly of
virus-encoded capsid proteins are known to effectively
stimulate immune responses [68]. Nikles et al. generated
murine leukemia retrovirus-derived VLP displaying the C-
terminal 111 amino acids (PrP111) fused to the transmem-
brane domain of platelet-derived growth factor receptor and
subsequently immunized C57BL/6 mice with either PrP111-
VLP or bacterially expressed recombinant PrP [69]. As a
result, PrP111-VLP but not recombinant PrP could induce
anti-PrP autoantibodies, which can recognize the native form
of PrP€ expressed on the cell surface [69]. These results sug-
gest that PrP111-VPL could be effective as an anti-prion
vaccine. However, no experimental data for cell cultures or
using: animal models are available. Handisurya et al- also
produced bovine papillomavirus type 1-derived VPL dis-
playing the nine amino acid eitope DWEDRYYRE, of the
mouse or rat PrP that was inserted into. the L1 major capsid
protein and used it to immunize rabbits and rats [70]. Sera of
both species could react with the native form of mouse Prp©
[70]: However, the DWEDRYYRE-VPL was more immu-
nogenic in rabbits than in rats [70]. Rabbit anti-PrP serum
contained higher titers of antibodies than the rat anti-PrP
serum and exhibited inhibition of de novo synthesis of PrP*°
in: infected N2a cells [70]. The corresponding amino’ acid
sequence of rabbit PrP is different from the mouse or rat PrP
peptide by one amino acid (DYEDRYYRE, the underline
indicates a different amino acid) [70]. It is therefore conceiv-
able that the augmented immune response in rabbit against
DWEDRY YRE-VPL might be due to antigenic heterogene-
ity of the displayed peptide.

MUCOSAL VACCINES AGAINST PRION DISEASES
Mucosal Vaccines

Mucosal vaccines are able to prime a full range of local
and systemic immune responses by inducing not only secre-
tory - IgA at mucosal surfaces: but also serum IgG [71].
Hence; mucosal vaccines: are effective against infectious
diseases caused by mucosally and non-mucosally invasive
pathogenic organisms.. Indeed, protective efficacy. of mu-
cosal vaccines to non-mucosal pathogens such as arthropod
vector-borne pathogens has been demonstrated [72-74). Mu-
cosal vaccines are needle-free, non-invasive, and’ painless
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[71]. They are also safer than conventional injected vaccines
by reducing the risk of infection from blood-borne patho-
gens, and may be cost-effective because their administration
does not require highly trained personnel. Therefore, mu-
cosal vaccines might be favorable over conventional par-
enteral vaccines.

Bacterial Toxins Stimulate Mucosal Immunogenicity of
PrP

Bacterial toxins, such as cholera toxin (CT) or heat-labile
enterotoxin (LT) of Escherichia coli, are the most powerful
mucosal adjuvants [75, 76]. Intranasal or oral delivery of
antigens admixed with these toxins elicits very strong hu-
moral and cellular immune responses {75, 76]. The mecha-
nism underlying such effective immunomodulating activity
of these toxins is not fully elucidated however. CT and LT
belong to the ABs-type enterotoxin family, with the A
subunit possessing toxic ADP-ribosyltransferase activity and
the B subunit forming a non-toxic pentamer with binding
affinity for receptors located on the eukaryotic cell surface
[75, 76]. The immunomodulating activity of these toxins is
strongly associated with their binding affinity for cell surface
receptors such as Gy -ganglioside on most nucleated cells
including DCs [77, 78].

Bade et al intranasally or intragastrically immunized
BALB/c mice with recombinant mouse PrP90-231 with CT
and showed that the intranasal but not infragastric immmuniza-
tion could stimulate IgG and IgA antibody responses against
the antigen and slightly protected mice from the disease after
inoculation with 139A mouse prion [79]. The immunized
mice survived 266.0 dpi while non-immunized mice died at
257.5 dpi [79]. These results indicate that co-immunization
with bacterial toxins are able to enhance the mucosal immu-
nogenicity of PrP effectively but not to-levels high enough to
elicit protective immunity against prions.

We investigated the effects of LTB fusion on the mucosal
immunogenicity ~of  PrP  in mice by generating  LTB-
moPrP120-231 and LTB-boPrP132-242 fusion proteins, in
which the C-terminal® residues. 120-231 and 132-242 of
mouse and bovine PtPs, respectively, were fused to the C-
terminus of LTB with the hinge sequence Gly-Pro-Gly-Pro
(Fig. 3A) [80]. In contrast to the results of Bade ef al. co-
immunization of non-fused moPrP120-231 with recombinant
mutant non-toxic LT into nasal cavities of BALB/c mice
induced no IgG antibody response (Fig. 3B) [80]. However,
LTB-moPrP120-231 fusion protein elicited slightly but sig-
nificantly higher antibody responses in mice (Fig. 3B) [80],
indicating that fusion with LTB could enhance the mucosal
immunogenicity of PrP. We also immunized mice with LTB-
boPrP132-242 fusion ~protein as  well 'as’ non-fusion
boPrP132-242. BoPrP132-242 itself moderately elicited IgG
antibody response in mice probably due to its antigenic het-
erogeneity (Fig. 3C) [80]. However, no IgA response could
be detected: in the mice (Fig. 3C) [80]. In contrast, the mu-
cosal immunogenicity of LTB-boPrP132-242 was markedly
enhanced . in_mice, producing much higher titers of anti-
boPrP IgG in serum and anti-boPrP IgA in serum (Fig. 3C)
[807].. The specific IgA was also. abundantly secreted in the
intestines [80]. These results indicate that fusion with LTB
could markedly augment the mucosal: immunogenicity of
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bovine PrP in mice. However, the efficiency of LTB-
boPrP132-242 to induce antibodies crossreactive with mouse
PrP was very low (Fig. 3B) [80].

Attenuated Salmonella Vector Expressing PrP Elicits
Protective Mucosal Immunity Against Prions

Live-attenuated pathogenic Salmonella, Bacillus Cal-
mette-Guérin and Bordetella as well as commensal lactoba-
cilli or certain streptococci and staphylococci are efficient
mucosal delivery vectors of antigens [81]. Goiii et al. pro-
duced an attenuated Salmonella typhimurium LVRO1l LPS
vaccine strain expressing mouse PrP fused with non-toxic
fragment C of tetanus toxin and orally immunized CD-1
mice with it [82]. The orally immunized mice elicited higher
1gG and IgA antibody responses against PrP [82]. Interest-
ingly, about 30% of the immunized mice were alive without
any clinical signs up to 500 days post oral-infection with
139A mouse prion [82]. More interestingly, the authors sub-
sequently showed that all of the mice producing high titers of
anti-PrP IgG and IgA antibodies were completely resistant to
the prion, being free of any disease-specific symptoms up to
at least 400 days post oral-infection [83]. Neither specific
pathological changes nor accumulation of PrP%° could be
detected in their brains [83]. In conftrast, no significant exten-
sion of the survival times could be observed in mice produc-
ing lower titers of anti-PrP antibodies [83]. These results
indicate that the Salmonella delivery system for PrP could
stimulate protective immunity against the disease.

Salmonella is commensal enteric bacteria. It is therefore
possible that PrP expressed by the vaccinated Salmonella
might be produced continuously in a large amount in the gut
for a considerably long period, thus efficiently taken into the
epithelium- and- eliciting high immune responses in the im-
munized mice. In this system, PrP is expressed from the at-
tenuated ' Salmonella vaccine as a fusion protein with the
non-toxic fragment C of tetanus toxin, which is a highly im-
munogenic- molecule [83]. It is thus: alternatively possible
that fusion with fragment C might increase the mucosal im-
munogenicity of PrP. Development of a more effective sys-
tem; which is capable of eliciting powerful. immune re-
sponses against PrP more consistently in immunized indi-
viduals, is awaited with great anticipation.

PROSPECTS FOR PRION VACCINES

I have mainly focused on the attempts so far reported of
how: immune tolerance to PrP can be overcome and elicit
protective. immune responses against prion diseases. Immu-
nization of heterologous PrPs and modified PrPs, including
dimeric PrP 'or VLP-displaying PrPs, co-immunization with
immune modulators: such as' CpG, and Salmonella: vector-
mediated delivery of PrP were effective, stimulating immune
responses against PrP and producing anti-PrP autoantibodies
in mice. These results thus may indicate that, if more effi-
cient ways to. disrupt tolerance to PrP are developed, more
effective prion vaccines could be possible. In contrast, since
the reported vaccines showed only inadequate disruption of
the tolerance, resulting in-marginal or partial effects on prion
infection in animal models, it may be alternatively suggested
that PrP-targeting prion vaccines might be difficult to de-
velop. I addition; in the case of Alzheimer’s disease vac-
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Figure 3. Enhancement of mucosal immunogenicity of PrPs following fusion with LTB. (A) Structure of moPrP120-231 and boPrP132-242
immunogens fused with or without LTB: (B) Anti-moPrP IgG autoantibodies in the immunized mice. The antisera were collected from 4-5
mice from each group after 6 intranasal immunizations at 2-week intervals and subjected to ELISA against moPrP: (C) Specific IgG and IgA
antibody responses- against. boPrP. were much stronger in mice intranasally immunized with LTB-boPrP132-242 than in those given
boPrP132-242 three times at 2-week intervals. Data were analyzed using the Mann-Whitney U-test. Data were represented by meantSD: *,
p<0.05; *%, p<0.01. Reprinted in part from [80]. Copyright (2006), with permission from Elsevier.

cines using the AR amyloid peptide derived from the host
molecule amyloid precursor protein as an antigen, no adverse
effects were reported in immunized mice but severe en-
cephalitis was observed in immunized people [84, 85]. Thus,
PtP-targeting vaccines might also have potential adverse
effects, including autoimmune-related pathologies, due to the
resulting autoantibodies against PrP® in humans although no
abnormal symptoms have been reported in mice vaccinated
with PrPs or passively immunized with anti-PrP antibodies
[31, 46, 48].- Moreover, it was reported that neurons mark-
edly succumbed to apoptosis in mice when anti-PrP antibod-

ies were directly administrated into the hippocampus of mice
[86]. Therefore, rather than vaccines potentially stimulating
antibody response against PrP, other types of prion vaccines
might be favorable.

PrPC and PrP* have different structures. PrPC contains
higher o-helix and much' less B-sheet contents [87]. In con-
trast, PrP% is formed by higher contents of B-sheet strands
[87]. Tt is therefore conceivable that PrP¥-specific epitopes
or conformation could be potential targets for prion vaccines
not. to. stimulate - production . of anti-PrP¢ autoantibodies.
Cashman and: colleagues reported that a PrP-derived Tyr-
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Tyr-Arg peptide conjugated with keyhole limpet hemocyanin

could efficiently elicit antibodies specifically reactive with
PrP>° but not with PrP® in immunized animals [88]. It is sug-

[9

gested that the epitope is normally buried in PrP® but be- [10]
comes exposed on the outside of PrP* due to structural al-
teration of PrPC into PrP*° [88]. Thus, these results indicate [11]
that PrP*°-specific vaccines might be possible using PrPse-
specific epitopes or conformation. However, it remains to be
investigated whether or not the Tyr-Tyr-Arg vaccine is effec- {12]
tive against prion infection.

It is already known that, when two different prion strains [13]

infect a single host, one strain interferes with the other. Dick-
inson et al. first reported that mice intracerebrally inoculated
with the long-incubation-period scrapie 22C prion prior to [14]
intracrebral superinfection with the short-incubation-period
scrapie 22A prion developed the disease later than control

mice inoculated with the 22A prion alone [89]. Similar inter-
ference could be subsequently detected between other

[15]

strains. Manuelidis showed that intracerebral inoculation
with low infectious doses of a sporadic CJD-derived SY
prion interfered with superinfection of more virulent GSS-
derived Fukuoka-1 prion in CD-1 mice [90]. It was further (16]
shown that the long-incubation-period transmissible mink
encephalopathy (TME) DY prion prevented superinfection (17)
of short-incubation-period HY TME prion in hamsters [91].
Recently, it was demonstrated that this unique interference
could be observed in cultured mouse hypothalamic GT1-7 (18]
cells between SY CJID prion and Chandler or 22L scrapie
prion, and 22L and Fukuoka-1 prions, clearly indicating that
this interference does not require any immune responses [19]

[92]. Therefore, understanding of the mechanism of prion

interference might open a new avenue for a novel type of (20]
prion vaccine.
i [21]
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A Systematic Review of the Therapeutics for Prion Diseases

®oO K E

Suehiro Sakaguchi*

Abstract

Prion diseases are fatal infectious neurodegenerative disorders; examples include the Creutzfeldt-Jakob
disease affecting humans and bovine spongiform encephalopathy in cattle. The causative agents of these
diseases—the prions—are thought to consist of the pathogenic isoform of the prion protein PrP*, which is
produced by the conformational conversion of the normal isoform PrP°. Many lines of evidence indicate
that the constitutive conversion of PrP¢ to PrP®, resulting in a marked accumulation of PrP*® in the brain,
is a central event in the pathogenesis of prion diseases. A large number of compounds have been identified
as anti-prion agents and capable of reducing the PrP® levels in infected cells. Some of these compounds
have been found to be partially effective in infected animals, thus resulting in the prolongation of the
incubation or survival times and a few of these compounds were or are under clinical trials. However,
none of these compounds have proven to be therapeutically effective against this group of diseases. This
is probably because (1) these compounds fail to cross the blood-brain barrier and (2) their effectiveness is
reduced because they are administered only to patients with clinically advanced disease owing to a lack of
diagnostic indicators for presymptomatic individuals. In this communication, we systematically list these
anti-prion compounds and summarize their effectiveness and possible mechanisms of action.

Key words : prion disease, prion, prion protein, therapy, neurodegeneration

17e ET2EETE, nvCID WL TWS L DMK >
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VIRREOERPREOEZ T VIR T 2HREEETRL BB IDDEETAY 7 4 —bWEET 29, EESY

* fEEkSE SRR EYe Y o v — R BT (F770-8503 {EETTECANET 3 -18-15) Division of Molecular Neurobiology,
The Institute for Enzyme Research, The University of Tokushima, 3-18-15 Kuramoto-cho, Tokushima 770-8503, Japan

1881-6096/09/ ¥500/7%3L/JCOPY

-108-



930

YRR

178 213 OO

S S o——0

P —

23 o——0

AOHIRTFRUE—NEER

180 196

GPl PvHh—
Fig. 1 PrP¢ OEHEE

<7 A PrPC i3 254 O T 3 /Bh SR ZHBBES E UTERSWE, v/ IAx7F FONFK22{E
OF I )BEGPI7YH—v 7 FNOCK2BEOT I /BB/NSENTIRS R, 7 3 /8 23~231 25
BBARALT-7 7 R PrPC 28 GPL 7 > & — % U CHIBIIEREIC IR T 5 B PrPC ONFKBEHIR 7 > 5
A4 NVEET, PrPIcEER SEO7 2 /B (P (H/Q) GG (G/—) WGQ) #’5 BV R L Te4 27 ¥
NFF R Y P — MERSEET 2, —ACKEER, 2008w Y- MEEEIDD o~ v XEE
EEUBRREERERLTVS, 2BEHESEHO a ~NY v 7 ARYANT 4 VESTEET 5, 72, N
FUEGHRESH 2 AT . f1 (73 2B 127~130) & 82 (7 2 /B 160~163) it g > — MEEE
B, al (73 /8143~153), a2 (F3 /8 178~192) £ a3 (73 /7E199~216) iE a ~YU v 2R
HEEEETL WS, BFRT7 I EBEESEZTR T,

Table! PrPt & PrPsc DEREBES LU ELENISED

BEBu
EHEEE EENRE
. ewons, T OTAT—
PrP a~UvZA pY—b ERE e
PrPe 42% 3%  BE%E B2
Prpse 30% 43%  HEN biivihic

AV EEE (cellular PrP : PrP¢) L BHE 7Y A VER
& (scrapie PrP : PrP%) T# %9, PrPcix, 7V a¥
NI AR Ty F Y N4 S ¥ b= (glycosylphos-
phatidylinositol : GPI) %7 L CHIFEREICHES T 2
WEOETHBY, 77 AEEONKERL, 320 «
Ny TRE2DDBY— bSO LEREEDCK
B o7 B (Fig. )7 NR#EEE, 7V 2> (G)
WEARSHEOT S /BB SHEBEVR LA 2 F7RTT

KV =k (octapeptide repeat.: OR) SEEBEET 3
(Fig. 1)9, Z Q4B PrP B RESITH 545 %
OBEEE TS L TWRY,

PrP¢ 3% ¢ OIEEMBCHKIA T 358, PR, i
AR B b RIS 59, — 8, PrPe RSV A v
BUBERNCRESNWEEEET, BREMAERICE
329, PrPe oM & O RERCHEEE LR &I LELE
ENBPrPC iz a ~Y v 7 ABEREH, f ¥ — MEE
BN (aNVY T R 42%, =1 3%, Table
1)9, —7% PrPse T, g ¥ — MEEIZIHIHEML Tw»
Z(a~Uw 7R 30%, =k 43%, Table )9, L
FiSo T, B v— MNEEADELLD PrPC i 5 Prhse A

DOEREETHLEEZONTWVWS,

PrP¢ & PrPs i EALFHIRFE b B2 5, PrP° B GE
T, BEABEMEBESETHL TaT 4 F—YKZ %S
wAREI DY, Lo L, PrPse ZEEA N CRER PR
L®F<L, uiq4F—¥RKixL TERETHLE R
1W< w (Table 1)®, 20774 F—X¥KIZHT 385
HOEWEFEL T PrPse sl an, V4 VROZ
WrasfTh i T3,

2. TYUAY

TV 4 i PrPe DA SEERENT WS, LT3
FUFoEREE I REEE — RS (protein-only
hypothesis) 28, A BUAN ST 519, ERE FH
VA YOSEICIE PP MAOERER T ) & R
BHEBIIREI L TWERVLY, /-, PrPEEFRIE
(PrP=/=) oA 7V F U eHACEEINTH S
VA B d, TUTURERELELEE, &5
W, REBEN TS S iz PrP> 0 PrP MR
PEHL, YAV URERITIESHREZINT
V2518,

- Z0RBIR B E, VLA VRBHAIEBATS
ZOHERKS ThH 5 PrPe il FEE O PrPC S
L, PrPe OB REEE PrPsc N EELE ¥, PrPO» 5
W PrPe BELEINDEEZSNTWEIY, iz
EESNTZPrPe X, RO PrPC EH U PrPse~ e %
BIRE, TI3LT, PrPEBRBSRANEEE N, 7
VA IIEIET A L SR T w3 (Fig. )19,
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PrPse D%

Fig.2 77U EHEFL
A 1STFOPIPSE NI BFOPP b~ udfv—2EBRL, A0 EL T PrP° #SEE iR I L, PrPse~
YEWT 2, LS EEIN PrPecid, BULSFD PrP¢ 2 PrP* ~NEEHBEVZ, O LI LT PP PELE 31,
TV AV IIEELT 5, B PrPse BEHEES L, (seed) BBHRT 5, PrPC i, COBRIBREST2ILICLY, BE
AR L PP AT 5, 23 LTTEREL PP ORY v —FoMah, #Fizk PP ONER SN, U

v DEFEDHLZ B,

Table2? HREMNICLZ3EFFYFEOHE

ag | B () BERA
WEE 7V A4 9 T PR a4 Y7zl - YITH
(85~90%)
BEESVA VE PrPEETER REEZoAY 701 Ya7H
(5~15%) FVAITY c A T4 RT— - oA 2h—EEE
BEEEREETIRE
BV AVE TUFVEBE BEREEVAVE (RTEESVE VRS, AEBRHE,

TR, R EE A, i)
R4V 7z « Y37 (BSE 56 OBRE)
7—n— (BANBEEIC LB

T, VAV PP o EDISCTETVRSED
A3, ~NTRIAT—FETNTI, ZV4EB15
FOPPEmsTETCWBEEEZONT WS (Fig. 2
A, =T, O PrPse BES L, BEREDT VA
PHELTHVWLEWIEZDRIBIN TS (BIRFE
B|EE T F ), Fig.2B)™, Silveira & i, 14~28 @ ®
PP BES LGS TEEOCSED, 5EUTO
PP BESLESTEEDSE LD bBEEIGV I
LERL, BEOETNVEZFLRLY,

I. FUAVE

1. ERNTYUAVEE

E N7V R, PEUBRRERT 5, BRESA
OI0HFAR L EWIHBRERTD 52, £ DRI
(85~90%) *» FRAHOIMFEE 7 oA Y 7z e O
7. (sporadic CID) #85® T3 (Table 2)29, ¥IF
ERE LT, HTEE, AL, RAESEEBED
55, ETEEL, BLR2FEUHREETT 5, HE

BREHERERIEREBLTWwS, FEENFRELT, %
BOZEEIBMERICED 5152, & 1z, HiRMaZE1se
RIVA =Y A (FEE L7 A oYL bR 0SS
V7 OEE) BRSNS,
EF7UAUHEDS~15%E PrPEEFICERER
U, BREAEHECEHN PR TERE VA VR TH
% (Table 2)?9, ZROAME I LD, BEBEL S (Fig
3A-C), BEUHZVAVRELT, KK af Y7 2
U R ¥ 2 7YE (familial CJD), Z VA Fv >« A bR
A RT =¥ %A h—EFEE (Gerstmann-Straussler-
Scheinker ' syndrome > GSS), B %M 5 M AR RIE
(fatal familial insomnia > FFD. 84154 C\» % (Table
2) o GSS iZBHED/NEEREBE TR, FRAEENR
NBEETH S, FFLIAR, BEGEES, Eahigse
EELZERXT,
BYObTPH - 35, BEDBERTHZ L
ETELRPHET VA VR TH B2, TOHFIZIX, BSE
DBEFC XD ovCID R, 7 =a—F=2T7D7%x7
BELZBANEBCIVBREL—NV—0d b, %7z,
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A1 al B2 a3

P102L V105L Ai17V Yi4bstop F1985  Q217R

90

D178N

Fig.3 #&EMTY 4 KD PP EGFER
A FERECID O PrPBEEFERIE, 7274 7F R MEEBIEThEN2, 4,
5, 6, 7, 8, 9EOF 7 ¥ _7F FicHH¥T % 16, 32, 40, 48, 56, 64, T2fHDT 3
JEBEOBAY, 1HOF 77 ~~7F 4T 2 8@07 3 /BOXE, BLIUCKER
D7 BERIBEINTVS, B IGSS O PrPEGTFERICL L7 3 /BEE, C !
FFl ® PrP BEFERI I 27 3 /BEH. BREBEREOEF Y, ESEAS—tratr
MEDT I /BEEY, AXFEOTNT 7Ry NIFNFNROT I/ BEEL TV,

EETAEN LU TR LLERES VA vHEbASNT
W3, FVFEBERULEMTEESVEORSE, f
EORHE, FEMEEROHRA, T U THEEOBE
FRAEFESVF EBPREINT WS, bPETY,
WERMEIC L 3 CID BHRE I N TW B, £/, nvCID 28
BME AU CRBRRELZ A bHMESNT WS (Table
2)5)o

2. BSE<& “BEOE”

FVF ORI, BEREARRBEI Y
WEnS “BOBEBSEET 520, FIZENLRS —T
WRENTZ VAV, NARIT—CREZCRET
OEHL, TYACRIFEFCRHELIZ W, Lrl, #
REERL LEOBIIEEAL, BREZE k5,

BSE GAZVv—Y—rELZD, HOBEEIML L
ML, nvCID ZEj& Lz EFZ 6N TV 5,
BF5L,BSES VA, 0%y PrPSesie b PrP°
CHEAMESFRLE FPrPe % PrPc kEha s 2 e
T, FEOBYPEIMZI-EE LN (Fig. dA)—A,

EVYPrPse it b PrPe wEHAES Wi dic, BO
BErEIHIONZVEFZILOND (Figd4B), LirL
KR, VST YO BSE SV A Y ORBRE LD
ETV bt MORBEEIIFEICEL, FENTE
DEERFELIZEZELZ6NS, k¥l s, EETHE, 2
NE TR0 FEBOFHW BSEWWRE L LHES
NTCWBIEPb 5T, #1607 —XD nvCID 7%
EXINTWBEETTH 3 (hitp://www.cjded.acuk/
figureshtm/)o L72485 T, 7 PrPs &t b PrP¢ @
FHMERZFWEEZI NS,

BSEXEOELFEVBZ TELMELZLZOE, BD
BEAREUMBZ TEBELE Y A VI IPEORIIE
FELREWIETHE, 20, avCID AV iz b
BECRRETHLENI T ETH B, BSERBEDO 7Y &
YETY PP Th ST, FitwELEZhI: TV A
ITE F PrPe TH AT, £ N PrPe i iR R
Dk B7DTHS (Fig. 4 C). EIE, HETI,
wCID KE#HRLTwS e bOMBEHIMI NIz F5,
B nvCID 2HIE LB 4 FIERE S Tw 59,
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(C) ERADERNMOBR EEHE: Bl

nvCJD U A (=E PrpPse)

EWISBE MADRBRE (BELALY)
W Prpse)

(Fy®E ED)  (B)

2oL—E-TJUA (=

(A) TIhHENMMODBR
BSE JUA V(=D PrPs9)

QQQQ"

e Prpse ENPIPC mAME(—)  Zmm(—)  ENPPC BALEANE
Fig.4 PP MEEAAZXL (NFRAFAT—EFNICLB) LEOR

A :BSE7VUA>, DD vy PrPe it b PrPC Bt s EAMELEL, t b PrPt & PrPe k& ¥ 3, 25 LT, BSE
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