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Chronic Lymphocytic
Inflammation Specifies the
Organ Tropism of Prions
Mathias Heikenwalder,"* Nicolas Zeller,'* Harald Seeger,’*

Marco Prinz,'*t Peter-Christian Kighn,? Petra Schwary,!
Nancy H, Ruddle,® Charles Weissmann,? Adriano Aguzzi'}

Prions typically accumulate in nervous and lymphoid tissues, Because pro-

inflammatory cytokines and immune cells are required for lymphoid prion
replication, we tested whether Inflammatory conditlons affect prion patho-

genesis. We administered prions to mice with five inflammatory diseases of

. the kidney, pancreas, or liver. In all cases, chronic lymphocytic inflammation
enabled prion accumulation in otherwise prion-free organs. Inflammatory foci
consistently correlated with lymphotoxin up-regulation and ectopic induction
of FDC:M1+ cells expressing the normal cellilar prion protein PrP<. By con-
trast, inflamed organs of mice lacking lymphotoxin-r or its receptor did not

accumulate the abnormal isoform PrP%, nor did they display

infectivity upon

prion inoculation. By expanding the tissue distribution of prions, chronic in- .
flammatory conditions may act as modifiers of natural and latrogenic prion

"+ transmission.

Prions, the infectious agent in transmissible
spongiform encephalopathies that sefectively
damage the central nervous systcin (CNS),
are detectable in lymphoid organs ‘long -be-

forc clinicul symptoms appear (f). PrPSe, a-.

prolease-resistant isoformn of the host protein
PrPC, accumulates mostly in'the CNS and
Iymphoid organs of infected organisms and
may represent the infectious principle (2, 3).

“Tn addition ki PyPC (4), splenic prion replica-

’

Lion rcquires follicular dendritic cells (FDCs)
(), whosc maintenance depends on B cells
expressing tumor necrosis factor (TNF) snd
Iymphotoxins (LTs) a and p (6~8). Accord-

ingly, inhibition of LT and TNF antagonizes

peripheral prion replication (9-7J). Howev-

cr, most cellular requirements for peripheral

prion replication remain unknown (12).
Chronic inflammatory conditions. arc

accompani¢d bry organized colleciions of B

and T lymphocyles, FDCs, dendritic cells
(DCs), and marginal zone and tingible body
macrophages’ (13—15), Extranodal follicles

. are also prevalent in naturally occurring
. infections of (rée-runging ruminants (J6).
Besider parlivipating in chronic inflamma- .

tory conditions, FIDCs, B lymphocytes, and
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other components of the iinmune system arc

involved in prion replication (6~10, 17). We_
therefore teasoned that inflammation may

affcct prion pathogenesis. We studied this

question in various transgenic and spon- -
taneous mouse siodels of chronic inflam-

mation, locluding nephritis, pancreatitis, and

hepatitis.
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First, we generated bitransgenic mice ex-
pressing LTa and LTP in liver under the

2

contrel of the albumin promoter (A, S1A) -

(I8, 19). CSTBLS6-Tg(LT2b)1222 and CSTBLI6-

. Ta(LTab) 1223 mouse lines-contained one copy

per haploid genome of both AILLTa and
AISLTH uunsgences (fig. S1B), with cxpres-
sion restricied to liver and absent from spleen,

. thymus, mesenteric lymph nodes, pancreas,

and kidney (Fig. 1A). C57BL/6-Tg(LTab)1223
mice (hencefosth termed AIbLTaf mice) wene
identified us the highest expressors (Fig. 1B)
and were selected for further experiments.
Livers from 4- to 6-month-old AIbLTaf

" mice displayed highly organized aggregutes
0f B220+ B tymphocytes; CD3+, CD4+, and

CDB* T cells; FDC-Mi* and CD35+ net-
works; MOMA-1+ marginal zone—fike fes-
toons, CDO68™T tingible body macrophages;

IgD* and IgG1+ lymphooyles; ERTR9*.cells;

arl NLDC-145+ DCs (Fig. 2) (fig. SIC).
AIbL.Tuft sinusoids exhibited F4/80' Kupffer
céll hyperproliferation. and up-regulation .of
the adhesion molecules [-CAM and V-CAM
(fig. S1C). Occasionally, PNA* clusters milic-

¢ ative of germinal center B cells were found

(fig. 81C, arrawheads). None of the above
features were found in livers. of wild-type

littermates (fig. S1C), nor could we detect ab-

normal histopathological features in AIbLTaf
kidneys, splecns, and thymuses:

Transgenic mice expressing LTa under
the control of the rat insulin promoter (R1P)
in pancreatic P islet cells and rensl proxi-
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Fig. 1. Molecular and phenotypic characterization of ALTap mice. {A) RT-PCR analysis, using primers
1 and, 2 (450 bp) for transgenic LTa and primers 4 and § for transgenic LTP (390 bp) (see fig. S1A4),
wnfirmed liver-spedific transgene expression in AbLTap mice [negative control, master mix and H,0; *
. positive eontrol, transgenic plasmid DNA (10 ng)). (B) Transgene-specific real-time RT-PCR analysis
- Identifying CS57BL/6-Tg{LTab}1222 as low LTa cxpressor and CS57BL/6-Tp(LTab)1223 as high
" expressor, (€) Real-ime RT-PCR identifying total {Ta and LTH expression in organs of mice with
naturally occurring or transgenetically induced Inflammatory and autoimmune diseases. €ach value

- represents the fold change {log,} In Individual organs relative ta the average expression in two

respective organs of control mice of the appropriate genotype, Each measurement was normalized
agalnst P-actin and expressed as fold change (log,) relative to the wild type. Gray and black symbols
‘denote inflamed and noninflamed organs, respectively. LT and/or LTP were overexpressed not only
in LT transgenic organs but also in inflamed organs of RIPSLC, NZBW, and NODLtJ mice.
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“mal convoluted tubules (20-22) developed

interstitial and capsular follicles in kid-
ney and pancreatic' islets with discrete

R220* areas and CDISHTDC-M1* networks ’

. (20, 27y (Tig. 2A). Renal and pancreatic

inflammatory foci in RIPLTa and hepatic
foct in AIbLTaf mice were essentially iden-
tical in their ceilular composition and ex-
pressed various complement components
(Fig. 2). (fig. SID). The splenic and lymph
nodal microarchitectutes of RIPLTa (n - 5),
AlbLTap (5 = 3), and wild-lype mice (n =13)

" were indistinguishable upon immunostain-

ing with an exhavstive panel of immuno-
logical markers (23).

"We then studied mice. expressing the
sccondary lymphoid organ chomokine (SLC),
also known s TCA4/CCL21, under the control
of the rat insulin’promoter (22). 'These mice
(henceforth termaed RIPSLC) contain folliclcs

- in the pancreas with organized T and R celf

zones, DCs, ER-TR7* and CD35 ' cells, and
snall FDC-MI+ networks (Fig. 2) (23).
NZBxNZW-T, (henceforth termed NZBW)
and NODLt] mice are considered models
for systemic lupus erythematosus.and auto-

immune dinhetes, respectively. NZBW mice - -

develop interstitial nephritis and glomerulo-
nephritis with distinct B and T céll areas,

'small FDC-M1+ clusters, DCs, small PNA+

- and G4 were identificd within glomeruli of

clusters, and 1gG1+ celis (Fig. 2) (fig. S1E).

Iofiltrates lacked MAJCAM-1+ expression.

but contained MOMA-1+ vells (. SIE). De-
posits of complement camponents Clq, C3,

kidneys of NZBW mice, but not in parental
NZW mice, which did not develop nephritis
and ‘were used as controls (Fig, 2) (fig.

" Flg. 2. flammatory

. cells (B220) and com-
expressing cells (CD35).

- mainly colocalizes with™ ‘S

1108

focl'in AlbLTof livers, #*
RIPLTa kidneys, and

NZBW and RIPSLC pan- .:ar§
creases, Consecutive fro-
zen sections of AblTafl
liver, RIPSLC pancreas,
and RIPLTa and NZABW
kidneys are shown, (A)
Follicular Inflammatory
foct displaying orga-.
nized collections of B

plement receptor 1-

Scale bar, 200 um. (8)
Two-color immuno-
fluorescence analysis.
PrP (artiserum XN, red)

FDCnetworks (antibody .
FDC-M1, greer) within
follicular infiltrates in
all models of follicular
inflammation; Scale bar,
20 pm.

S1E) (23). NODLLT mice develop spontune-
ous sutoimmunc insulitis with lymphoid fol-
licles similar to those developing in NZBW
kidneys (24-26); NODB10.H26 mice, which
do vot develop insulitis despite the pres-

cnce of the NOD locus (77), were used as

controlg.

Real-time reverse, (nmscnphon polymerasc :
chain reaction (RT-PCR) analysis of LTa and

LTP expression in influmed and’ appropriate
control lissucs revealed that 6- ty 8-week-old
AIbLTap livers overexpressed LTa by 2 factor
of ~45 and LT by a factor of 8 to 10 (Fig. 1C).
LT expression declined in 8- to 12-month-old
tringgenic mice, in purallel with hepatocyte

destruction. No other organs of ATbT.Tap-mice
showed LT overexpression, RIPLTa mice

overexpressed LTa and, to a lower extent,

LTB in kidney and pancreas, whereas RIPSLC

mice had slightly up-regulated 1.Ta expression

in pancrcas and kidncy. LTa and LTR were -

stongly up-regulated in NODLt) pancreases,
and LTP was overexpressed in NZBW kid-
neys and pa'uclenses In sumunary, we deteeted

‘LT up-regulation in cvcxy instance of chronic
-inflammation.

RIPLTa, RIPSLC, NZBW; NODLY, and
isagenic or congenic control mice were in-
oculated . with prions infraperitopeally [107
times the median leihal dose (3 logLDey)]
or intraccrebrally (2.5 logLD,m) RIPL.Ta,
RIPST.C, and control mice showed similar
incubation times and attack rates of disease
(I'ig. 3A), and the extent of terminal PP

- deposition was similar (fig. S2, A and B).

The topography and intensity of spongiosis,
gliosis, and PP deposils were found by
immunohistochemistry to be”similar in’the

B oot

brains of all icrminally sick mice (23). Thus,
chronic pancreatitis or nephritis did not in-
fluence susceptibility to intracerebrally or
peripherally adwninistered prions, nor "did
these condibions affect prion titers or neuro-
invasion speed. Scrapie incubation times of
NZBW and NODLt] mice could not be
determined because they cxceeded their
natural life spun. The cxtent and morphology
of inflammation jn RIPLTa and RIPSLC
kidncys and pancreases, as well as in
AlbLTafs livers, were compared willl age-
matched mock-infected controls at scveral
lime points from 60 days post inoculation
(dpi) to terminal disease. We did not detect’
any modulation of the inflammatory pathol-
ogies by prion infection, and intraperitoncal
glucose tolerance way unaltered in prion-
inoculated RIPLTa mice {Ag, S2C).

We then sought to determine whether in-
flammation influences the distribution of prion-

" infectivity during the preclinical phasc of in-

fection. AIbLTaf, RTPLTa, RIPSI.C, NZBW,
NZW (8 to 12 weeks old), NODT A, NOT)BIO

(6 months old), and C57BL/6 mice were

inoculated intraperitoneally with scrapie pri-
ons (5, loglLD,,) and killed at 60, 75, 90, or
100 dpi. Spleen homogenates were assayed for
prion infcetivity hy mousc bioassay (MBA), -
conyisting of intraccrcbral innculation of 1ga20
indicator mice (28) and comparison of scrapie

“incubation times to a calibration curve (29).

All spleens displayed comparably high titers
of prion infectivity per gram of tissuc: 4.5 to
6 logl.Dg, /g (wild type), 3.5 to § logLD, /g
(RTPLTr), 4.2 tn 6.1 logT Dy /g (AlbLTaB),
and 3.9 to 5.7 logLD, g {RIPSLC). Attack
rates of indicator mice were 100% at all time

18 FEBRUARY 2005 VOL 307 SCIENCE www.sciencemag.org
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points (¥ig. 3B). Nephritis and papcreatitis

did not affect splenic prion replication,
Prion louds of kidneys, pancreases, and liv-

" ers from prion-infected presymptomatic mice

were also determined by MBA (Fig. 3B). Ti- |

ters wete regarded as *borderline™ if attack
rates were <100%, At 60 dpi, wild-type pan-
. creas and kidney homogenates lacked measur-
able infectivity, whereas RIPLTa kidney and
pancreas titers yanged between borderline:imd
1.4 logLD,/g. At 75 dpi, RIPLTa pancrcas
adl kidoey fiters were 3.3 and 4 logll./g,
. respectively, whereas wild-type pancreases
" and kidneys were noninfectious.,

At 90: dpi, all RIPSLC and RTPT.Ta pan-

creases amd one RTPITa kidncy had prion
" ftiters approaching those of spleens ($3.7
logLD/p in pancreas and <2.4 logLD; /g in
kidney), whereas wild-type organs displayed

deteetability, whercas AILTuf livers had

titers of 3.1 to 3.4 logLD, /g (Fig. 3B). NZBW:
kidneys were found to contain prion titers of
2.5 10 3.5 logLDy /g (i1 = 2), whereas NZW.

kidneys were nuninfectious (Fig. 3C).

. We sobjected organ extracts to scrapie cell
assays in end point format (SCEPA) or to
conventional scrapie cell assays (SCA), which
allow for quantification. of prion infectivity

with senyitivity similar to MBAs (30). SCEPA |

and MBA results with RDPLTa kidney and
pancreas homogenates (60 and 90 dpi) were
almost completely congruent (fig: S2D and

- table S1). Wild-type kidncys and pancreases

contained no detectable. infectivity (<2.54

logLD,,/g), whereas prion titers in the -

corresponding RIPLTa extracts weye high

(table S1). AILTap fiver prien titers (75

dpi) were >3.4 logLD, /g in all three fiver

homogenales, wheteas no infectivity was
detected in wild-type livers (<2.4 logLD,/g)
. (fig. S2L), ‘

undetectable or borderlive infectivity (Fig.
3B). Inlcctivity of wild-lype livers, kidoeys,
-and AIbLTap kidncys was borderline or below

¥ oame”
B . .
Fig. 3, The distribution of PrPSe and prion infectivity [s influenced by inflammatory conditions. {A)
Survival plots of prion-infected RIPLTr, RIPSLC, and wild-type (wt) mice, showing simllar Incubation
times after intraperitoneal (1.p.; RIPLTa, 229 + 10 days; wt, 234 1 G days; RIPSLC, 243 + 8 days) or
_ intracerebral inoculation (i.c; RIPLTa, 192 + 2 days; wt, 185 + 6 days; RIPSLC, 174 L 2 days). (B) Prion
infectivity titers in spleens (dirctes), pancreases (squares), kidneys (triangies), and livers (crescents)
- of wild-type (wt) {blue), RIPLTe {red}, AbLTap (pink), and RIPSLC (green) mice were determined by
transmissian to indicator mice at 60, 75, and 90 dpl. Each column defined by vertical dashed lines
. represents one mouse, Data points below the dashed horizontal Une Indicate attack rates of <100%

b

and were regarded as "bordertine” infectivity. Error bars were drawn when standard deviation

. exceeded 0.75 log units, Except for ‘one RIPLTa kidney that elicited an attack rate of 75%, RiPLTn
kidneys and pancreases, RIPSLC pancreases, and AlbLTap livers led to an attack rate of, 100% with
high prion titers at 90 dpi. In contrast, wild-type kidneys, pancreases, and livers contained

undetectable or at best:borderiine  prion infectivity. (%) One of four tga20 mice died shortly after

“inoculation from prion-unrelated causes. {C and D) Prioh infectivity titess in kidneys {triangles) of
NZW (black} and NZBW (brown) mice and in pancreases {squares) of NODB10 (orange) and NODLt)
- (striped) mice were determined by transmission assay or SCEPA. At 90 dpi, NZBW kidneys
harbored reasonably high infectivity titers, whereas NZW mice lacked prion infectivity (C). At 50
dpl, NODLt} mice displayed borderline or moderate prion infectivity, whereas NODB10 mice
showed no of borderline infectivity, At 100 dpi, NODLt] mice were devoid of detectabte prion
}nf)e;tlv;ty, consistent with progressive islet elimination and consecutive regression of pancreatitis
D} {23). . . Co .
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We then administered scrapie prions (5
logLDy,) intraperitoneally to 6-month-o0ld
NODLLJ mice and NODBI0 nicc. Pancreascs
of hyperglycemic WOD.IJ mice containcd
prion titems of <2 logT.D, /g at 50 dpi, whereas

. control NODB10 mice harbored no or border-

line infectivity (Fig, 3D). All 1ga20 wnice (n =

7) that- had developed clinical scrapie upon

expusure ty pancreas. homogenates (50 dpi)
displayed spongiosis, gliosis, and PrPSc jn
immumoblots (figs. 83 and 54}, confirming
transmission” of scmpic nfeetivily, Similarly,
ull ¢gu20 micc that had devcloped clinical
scrapie upon exposure to kidney, pancreas, .
and liver homogenates (AILTap, RIPLTq,
RIPSLC, and NZBW) showed spongiosis,
gliogis, and PrPSe in immunahlots (figs. S3 -
end S4), confinning transmission’ of infec-
tivity. ITowever, at 100 dpi (—10 mouths of
age), pancreatic infectivity was na longer de-
tectable in either genotypb, vonsistent with
progrespive iglet climination and consecutive
reyression of pancreatitis in NODLY mice
Fig. 3D) 23). . :
We then determined PiP3< loads in organ
extracts. Semples ncgative by conventional

" immunoblotting were reanalyzed after phos-

pholungstate (PTA) precipitation of Prpse
(31), enhancing sensitivity (32). At 60, 75,
and 90.dpi, PrP%¢ was detectable in similar
amounts in all spleens of each genotype, but
not in livers, kidneys, or pancreases of wild-
type mice (Fig. 4, A and B). At 60 dpi, PrPSe
wis tmdetectable i livers, kidneys, or pan-
Creases of any genotype. At 75 dpi, we found
robust PrPS® immunoreaclivity in two of three
AIbLTap livers. but not in RIPLTu kidneys
aml pancreases (Fig. 4A). At 90 dpi, PrP5e
was readily detectable in all AIbLTap livers
(Fig. 4A), RIPLTa kidneys, and RIPLTo pan-
creases (n = 6, Fig. 4B). Possible PiP¥ (racey
were found in one wild-type kidncy at 90 dpi

(fig. S2F).

PTA-cnhanced immunoblot analysis iden-
tified PrP5 in NZBW (n = 2) but not in NZW
(n = 2) kidneys (90 dpi) (Fig. 4C) (23). Tn
contrast, PTA-enhanced immunabloting failed
to reveal PrP3¢ in NODLU and NODBIL0 pan-
creases at all lime points (50 and 100 dpi),
consistent with the low infectivity titers of
NODL1J pancreases at 50 dpi (Fig. 3D).

By what mcchanism does inflammation
eroatc povel prion rescrvoirs? PrP is necessary
for prion replication (¢), “hence its expression
might be rate-1miting. We thus investigated
PrPC expression in wild-lype #md RIPLTa kid-
ncys and pancreascs. Quantitative immunoblot
analysis revealed <20% increase in total PrP¢
of RIPLTa kidneys, and no changes were seen
in transgenic pancreases (fig. SIF). In con-
trast, imiounehistochemical smalysis revealed

foci of high PrP' expression in all analyzed

AlbL1of livers, RIPLTa kidneys and pan-
creases, RIPSLC pancreases, NZBW kidoeys,
and NODLLI pancieascs: (Fig. 2H), but not in

1109
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organs of the appropriate control mice. These
foci mostly colocalized with FDC-MI+ net-
works (Fig. 2B).

To chamcterize the Lopogrdphy of PrP% in
inflamed prion-infected organs, we assayed
(33) wild-type, RIPLTa, NZBW, and NZW
kidneys as well as RIPST.C puncrerses by
histoblotting. RIPLTa kidneys and pancreases
(90 dpi) displayed PrPSe deposits colocaliz-
ing with inflammatory infiltrates, whereas
neither feature was found in scrapie-infected
wild-type kidncys or pancreases (Fig. 4D).
RIPSI.C pancrenses and NZBW  kidneys
{90 dpi) also showed small PrP"c-posmvc
areas colocalizing with inflammatory infil-

trates, whereas controls were devoid of PrPs« )

positive areas (23).

Inflarnmatory conditions cause immune
cclls to migrate into parenchymal sites of
pathology. Some of these immune cells—
including activated B lymphocytes—express
LTs; which in tum trigger differentiation of
FDCs. LT-triggered cvents, wmost likely in-
cluding PrP¢ up-regulation’ in stromal FDC
precursors, appeat to confer prion replication

competence fo sites of inflamniation. LT might ",

thus represent a cruciat link between influm-
matjon and prion disiribution. We tested this
prediction by adriinistering prions intraperi-
toneally to 6- to 8-month-old LTa™~ and
- LTBR™~ mice, which suffer from spontane-
ous inflaimmatory pathologies (34), and 1o age-
matched controls.” Despite severe multifocal
chronic lymphocytic hopatitis with dissemi-
nated PNA+ clusters (fig. S, A and B), Livers

Fig. 4. PrP™ accumu- A
lates In inflamed. -or- )
gans of prion-infected ~
-mice. (A) immunoblot
analysis of liver homog-
enstes after PTA pre-
cipitation at 75 dpi
‘upper blot) and 90 dpi
ower blot), PrP* was
absent In all four indi- -
vidual wild-type livers,
. _but dear PrP* signal
"was seen in four of five
" AbLTef livers, Control %
samples (ctrl) includ- ¥~
ed undigested healthy -z
brain, protelnase K (PK}~
digested healthy brain,
and PK-digested termi-

of prion-inoculated LTa ¢ and LTRR ~/~ mice
were fuund 1o be consistently devoid of prion
infectivity (. S5C) and: PrPSe (fig. $5D).
Our results indicate that chronic tollicular
inflammation, induced by a variety of causcs,
specifics prion tropism for otherwise privo-
free” organs. In most iustances infectivity
tended to rise with time, suggesting local pri-

on replication. Organ-specific expression of |

one single proinflammnelory cytokine (LTo)
or chemokine (S1.C) sufficed o establish un-
expected prion reservoirs, suggesting differ-

- entiation of ubiquitous stromal comstituents

into prion replication-competent cells. In scv-
eral insluncey, prion eoncentration in indi-
vidval inflamed organs approached that of

spleen long before any clinical manifestation -

of scrapie. Inflamed nonlymphoid organs not
only accumulated PrP> but also transmittcd
bona fide prion discase when inoculated into

" henlthy recipient mice.

Knowledge of the distribution of pnons

" within infected hosts is fundamental to con-

sumer protection aud prevention of introgen-
ic accidents. On.fhe basis of the failure Lo
transmit bovine spongiform encephalopathy
(BSE) infcctivity from any tissue but central
nervous system, intestinal, and fymiphoid tis-

sue (35), the risk to humans of contracting .

prion infection from other organs hus been
deemed small even in countrics with endem-
ic BSE. Tt may be imporfant now to test
whether supcrimposed viral, microbial, or
autoimmune pathologies of farm animals
trigger unexpected shifts in the organ tropism

nolly saapiesick brain.
PTA. sodium phospho-
“tungstate predpitation. .
. (B) hmpunobiot analy- °
sis showed strong PrPS<
sigrial in spleen, kidney,
+ and pancreas of prion-
infected RIPLTg mice
(90 dpi), whereas PrP<
was confined (o spleeris

of wild-type mice: {C) lmmunoblot of NZBW and NZW mice, Prps< was detected in kidneys of
NZBW but not NZW mice. (D} Histoblot analysis of prion-infected kidneys. Capsular and subcap-
- sular,deposits of PrP3« colocalize with fellicular infiltrates in RIPLTa kidneys, Consecutive sections
dnsplay coibcalization of PiP* deposits with follicular infiltrates [hernatoxylin and eosin {H&E) stain].

of priony. Converscly, the lack of infectivity in
“burned-out” postinflammatory pancreases

suggests ‘that antl-inflarnmatory regimens
may abolish eclopic privn rescryvoirs.

References and Notes .

1. H. Fraser, A. G. Dickinson, Nalure 226 462. (1970)

2 S. B. Prusiner, Science 216, 136 {1982),

3 G, Legname et al., S¢isnce 305, 673 (2004},

4. H. R Bieler at al., Cell 73, 1339 (1883).

S. M. Gonzaler, F, Mackay, J. L Browning M. H. Kosco-

- Vilbois, R}, Noelle, . £xp. Med. 187, 997 (1998).

6. T. Kitamota, T. Muramoto, 5. Mohri, K. Dohura, | Tatelsh,
J. Vol 65, 6292 (1991). .

* 7. % L Brown et al., Nature Med. S, 1308 {1999), -

B, M, Prina ot al., Noture 425,'957 (20p3).
9. F Montrassoetal Science 288, 1257 (2000):

10. N. A. Mabbatt, G, McGovern, M, jefirey, M. E. Bruce,,
J Viml. 76, 5331 (2002),

M. M. Prinz et al., Proc NatL Acad £d. U.5.A 99, 19
(2002).

12. A Aguz, Naulre Cell diol. 6, 290 {2004).

13, S, Takemura et-al., J. mmunul. 167, 1072 (2001),

14. E Kaiserling. Lymphology 34, 22 (2001),

1S. J. C. Hogg et al., N. Engl. ). Med. 350, 2645 (2004).

16. W. Vernau, R. M. Jacobs, V. £ vatl, §. L Heeney, Vor.
Pathol, 34, 222 (1997).

17. M. A Kkein et al., Nature Med, 7, 488 (2001).

18. . Magbozd, S, Columba-Cabezas, B, Senafini, . Aloisi,
J. Neurolmmunol, 148, 11 (2004).

19. See supporting data on Science Online, .

20, D. E Picarella A Kralz C. 8. U, N. H. Ruddle, R A FlavelL
Fruc. Natl Acad, 5d, US.A 89, 10036 (1992).

21 A Kratz, A Campos-Neta, M. S, Harson, N. H. Ruddle,
J. Exp. Med. 183, 1461 (1986).

22. L.Fan, C. R Relly, Y. Luo, M. E, Dof, D. Lo, /. Immunol
164, 3955 {2000).

* 23, M. Helkenwalder et aL, data not showa.

24. A Hannlnen et al., J. Clin. lavest. 92, 2509 {1993).
25. T. L. Odlovitch, 8, Singh, Immunity 7, 127 (1997).
26. C. Faveeuw, M. C. Gagnerault, F, Lepnult,_l Immuno.
" 152, 5969 (1994).
27. CP.Rebinson et al., Arthritis Rheum. 41, 150 (1998),
28 M. Fischer et al., EMBO J. 15, 1255 (1995).
29, S. B. Prusiner ot af,, Ann. Newrol, 11, 353 (1982),
30, P, C Kiohn, L Stoltze, E Fischsip, M, Enar, C Weissmann,
Proc. Natl Acad, Sel U.S.A. 100, 11665 (2003).
31, ). Safac et al., Nature Med. 4, 1157 (1958},
32 LO.F. Wadsworth of at, Lancet 358, 171 (2001).
33, A Taraboulos et al., Proc. Natl, Aud Scl. USA 89,
7620 (1992).
34, A Fucterer, K. Mink, A Luz, M. H. Kmm-\ﬁlhnﬂ K, Pleffer,
Immunity 9, 59 (1998).
35, G. A Wells ¢t al., Vet. Rec, 142, 103 {1998),
36. We thank S. Nedospasov and D. Kuprash' for LTa/p
. CDNA; D. Lo for Ins-TCA4/SLC niice; C. Sigirdson,
G. Miele, M. Zahel, F. Montrasio, and M. Le Hir lor .
discussions; A. Gaspert and W, Jochurn for histo-
pathological advice; and B. Odermatt. R. Moos, and
G. Dosshard for support with immunohisterhemistry
and SCA. Supparted by grants fromn the Bundesaint
fiir BAdung und Wissenschaft, the Swiss Natlonal
Science Foundstion, and the National Center of
Competence in Research (NCCR) on Neoral Plasticity”
and Repair (AA); by the foundation for sesearch al
the Medical'Facully, University of Ziirich, a genesous
. educational grant of the Catello famlly, and a grant
" of the Vereln zur Férderung des Akademischen
Nachwuchses {MH); by the Medical Research Coun-
¢ik, UK {P.-CX and CW.); and by NIH grant NCI RO1
A 16835 (NHR).

Supporting Ontine Material
www.sciencemug.org/cgi/content/full/1106460/DC1
Materialt and Methods

Figs. 5110 55

Table 51

References

18 Oclober 2004; accepled 6 Derember 2004
Published online 20 January 2005;
10.112G/sclence. 1106460

Include this information when citing this paper.

18 FEBRUARY 2005 VOL 307 SCIENCE ‘wwwsdencemag.org

170



320045 9 BEET (5 4 KD LIS (e)
320045 2 BE3T
B i W0CHTICHRB £ 8 TR B AR o

FOERE - BERBREBOANL 34E 876343
(BREADEL BRIFBRUAHEIZRT)

M1 3% 55 18] S ABE S | 21200AMZ00565000
BEEMBERE | . “ EEARE | 20009118
wx Ex e THEPTIFC 200080 (] [wrmn | woeis
BETERS EREAE | 200069 A
Y PR RIAIRE
ERBERmAEELEIOTAC
Anact’C

AFT., EELE MOKEREME L LTHALLELOTHE, BEORSRUENYE LT MEBERRSEEH L
TEY, B Lok PRREAFERTABICIE. M2, BEEBEORESRER T L L b, HETRIZHITS
—EDRENL - BRELBREE2EBL, BLEICHTIEENRERLTVEA, b MEEFEME L LTHWAZ LIC
S ABPIEGCEOV A7 2FR2ICHRT A L3t vy, EFROBEREOLESZHSIIRFOLE, LER/R
OERIZEEDIZE, ((ERBLEOEEIDESR)

g -EMEOLFEA - BRICEVERTA L
(4855 - i8] BEERIET AL, EBRUERICE L TEERET 3,

XX 1. MRk . - :
FRLRHOBH (ABEAAA) CERLELE, 1mL | on RRCHET SERLORR) s
PORRITROLBITHE. | BRI £ UL 0 A S CIREORERIET |

o3 5 BREEOIMLEOZE | | p@Hohs0T. HBLA EREART R U4, |
AP | BT nT (> C SO0 | COERET Y A% SEMSh T MAIL RS |
AT VT I 25m P Lol oo
s 5.9mg
I 5 e (EFALDEE]
1. MELS (ROBEICFEECHSTEIE)
AL e 7mg (W diE - RMMAROBE (& bR A LR BI9O

FRIOEHHS THHEMILT 07 A CRUEMYO AR RBREEZTAERETETERY, BRLHEITI
E7AT IV, b bomik GE: AR, En5E & RALBWLREMFHSERR2HEREZE TN

) ZEHEE LTV, »5.]
AHABETRIZIVT, b homBHRRESS (FarE, QRETLEE - RENFREOBE (£ ARy
EME: BA&, HLAE Bl R~V IANATY F—= ABIODBYE R §TAREMA T E CE 2V, KELL

HBRHER S GL7aT A L CE) 7 a—F A #& BEIE., FettoghzR2- 32 40855,)
BLTW3,
B, 7T A L CE/ 7 u—FAREBELOEEEME X2, EELEXNIE

HE LT OERBBERST ((RAY V) 2ERALTWS, [(BEF~0HRA]
AROBERIZHT- > Tk, BHEOBRICEBIT HER DL
2. MHOHERK : FHE L L0, AFOEEICEE L TIHRRE DRIEEES
ARITARPLRBRAOFEGERATH Y. BFFOBEHA ETA-00ELMENEBELLATVEHOD, B D
THERLI G EEERWLRABOBRLZERE 25, Mgz EMEE LTWA Z S ICHRT 3 RYEGEEDY
pH: 6.7~73 AT B ERIHRT I ENTERVWI L FAFITH L
BEEL : 51 EERERICHT HH) THAL, TOERBFLH/ILOIZDDH L,
_ ’ (DARITZERE ST A4 C (PC) RZEDBEIZDOA
[ZhEE - 2HR) #FRTH L.
FERET T A CRZERRETHROEKS ERUPCREZELIILUTOHEADOWTNANIIEZE TS
TRENFRARMILARAE . BN MR EARIE LOTHB,
1) PCIEMDSBO%LLTTH Y, o, Mg ESEVIEF
(R - AR] EOEME IR0 TRE THHBE.
AREZRMAGOBREHAKTCERZL, B% 1 BIZESLT 2) PCIEMENB0%LL T TH O . »o, MARAE OBEEREM
T 7 A > C200~3008L ke K E X &k (5 %7 FU¥EiRK, »oEE.
ABEER, BREKRS) M. 24BEE» T T EEER 3) PCEMD0%BUT THY. 1o, FA—FRAIIEX
k5T 5, ’ HPCRZIEREN VDA,
728, 6 BEIBE L THLEROEENED bR WVESIE 4) PCIEMEMN60% X ZB80% LU T DIFAIT. LiRERSE

_1_

171



VIR F & OFEMEUIHEEB07TRET, o, @
BIEOBEENH DM, B—HRANIZERHEPCKRZ
ERENNDEE,

5 BEFEITICELD., PCRIEOZHNRAZEINT VS
Ba.

QVEFRMERLL 72T AV CRIGE Th AR TESHE
factor V Leiden mutation® BFIZT 5 RKEFOHR
RBEFTE RN, .

(B)FRNDFERE & e AL E O MKRIZ-DOVTiE. HBsHE.
FHCVH &, HIV-1iE, HHIV2HER VR
HTLV- I fnfkatt <. »2ALT (GPT) TR U —
=T EERLTWD, &b, F—A LB IR
DWW T, HIV. HBVEUHCVIZ DWW T EIERE
(NAT) #EML. B L-hifzAxRoECERL
TWAEM, SENATORHBAUT OV A VARBA
LTWAARENDEILEETD. ARRA L/ T7 4=
TFaruw hIIFT7 4 —HBE A NARERQEIZL >
THEPEERD VA A ZEBEL, & 5IZ65CIsERD
EIRMBOEB LI LI-BFThH 2, BEIZBEL T,
KORNAHEBETDHZ &,

1) MESERAOREOCHETETIE, £ h/ULKRY
A NVABISED T A VAR FTLRIZFEL - BRETHZ
EVRETHE0, KEOBREIZL Y FORBPDT
BEMEAEETELRVOT, BEEORBLY +HIcE8E
TAHZ L,

D) FRIANAED VA NZABRREOBRE L LI
BETER2VWOT, BER 21TV, EREHOD
NEBEIEN L LEBEITOIZ L.

3) BREETCRAROBRSICLVERB 7o/ Y T
F e varm (VCID) EHEELI-EDHBETL,
LA Less, METRICBWTRET Y AV 2{ERK
LEB32L08ERHBLOD, BEHRALRVCIDEDE
WOV R #FZLICERPRTERVOT, REDEIZ
IARE~OTHAE 51TV, BRLEOLERLZ SR
fHoL®E5E45 L,

WFPF7245F—BERZEZTTESSHZOT, 8
BEHSIC{TH T &,

Blre Af-AAEICH L TBBEDBEICRSTIREI
BEP+MTITIZE, £, AEABEICTIHE
FEATAFEMZERICRBTETERVOT, B8y
+3I2F5 2 &, (KFIX. 7T A CvoAE)
sa—FAER YA RELIEA LI T T4 =T 4—
suw b7 74— ICLVBRENTEY, ~URHKk
BREFTHIAEEEZERICIITETER2,)

(6N M TN MK EEE®RE (DIC) =X 2 FIIHEE
RERBICBWTERE (FRITA, HVoL Zan)
DIETHABED ONEDOT, BEX+HITITS 2 &,

3. #HE{EH
fho AR L OREERIX., TELRETORZESDEIZOWV
TR IR T3 b Tiddizy, AN X 5B ERERE
TRIAREERTIHBEC. FFROERPIZFIZHE
FHFALY., hEBLEZYVTIEEICIT, BEEOTEEIC
BETBHI L.

(BHAEE) BRISIETHC8) )
MOE A& | REER - HEHE| BF - RRRZ
DT H) | KROEREREE| DT Y LAY
VA THIEBHD, | T ARATORE
Wi, B3
B F O 2 4 55 4
ERTN3,
~SRY U EST | AR OER RS~ Y T VT
~Y TR LBHB, |knrErEER
FNTRY LTEER T 2T
hIoh 7 CEEET B,
~nY Uy
7 I
~RY Y FRY
N
= _
A B REERE | AR OER 2 BT T A
Al TRBENSD D, |Criis A & 5 AREE
AVNVEBT T 7 #ZThY. T0OH
fii;;&% EHlC LD EE
2 ET&¢3,
T7aF=v
4. BIHEM

RIEFI283FIC BT 2BIER R VBFRREBERE ORAX
1320.5%Th v, £ HDIXAST (GOT) LFTH (2.5%).
ALT (GPT) LH6# (2.1%). B (1.8%) Th-oi,
(FRFBEF)

KDL D ERBS bR HAIZIE., BB, AEZD
BWE R MBEITHZ &,

1~ 5 %k 1 %R
ff & [AST (GOT) ELH. AL|LAPLR. FFEE
T (GPT) £&#. ALPL
8. Brysrvrr gy
Mm% FERES, ALKED. ~F
Jabt /BT, ~= 20y
MEMD, il ROEKED
& & |BUNLE FHEREE, RBET.
ILVFTF=LR
WibR 23 mpR. R
H{LE BR - Rt
L B, LEMSE
k& BYVOAER, 7B
BARR 5
fE ® BalLZAFo—ET,
kARE BIZABEEBSY. Y
K # ZUEZA4 FER
T4 |5EE Ok, B, R
Bk, BAER

172

2



BEHE~ORS
—RCBBRECHABBENMETLTHWA DT, BEOR
EEABE LV OERICRETDI L,

. R ER. RAREOBRS
ERXITER L TWAEREMED H D\ AL, B L0
HUBERIEY LE L CH SN BRI D BET 3
.

BERF O EICET A2 EEMITRESI L TV v, AFlD

BEIZEYE F AR T A L ABIIDRBIBEOTREM  BE
TERW, BREBELEBSESCIBR~DOREE (WE. Enﬁ]}(
fE. IRIREL) BEZ HFHENENDH S, )

. PREADES

EHAKER, HER, LR, R NRICHT2ES
MRS LT, [ﬁ%&ﬁm&wJ
. EREOZE

ARy

EES% T PR, £EAEK. SREKEL RS

L TREFENEET 5,

AR E RS, BTICMZ I, BRicEgsTs oL,

RERE

BRI REHORBDONDLDIRER L2V L,
T, —EBRMLELOIESHICERT AL,
BB, FREOCREKIBFEALLZVW &,

(205%7 Fofik, £HAER, EREREORIELS
D, MoK LRELZW L,

9. TOHDIE
ENRTEBAFRESEL T T AV CRISEIT D B
IERBEINTEY ., BNEIERBE~0AROKRE
KIIBEEL2ET 5.,

[(EpoE] ¥

RERAD TN RICENIERSR 2 LR, %Ik
AL (60BHL k) O IFTiL, MIFPFESEIL ST
CCREOYEEMITaM 885, BB 715 TH-T,
Tk, ABBIRAKRS Q7584 ke/ 38R 03T
X, BERAE IR TIZIEESREIEL, EERER
ERBEANI L TI40 (£1.1) ng/mLEF L7,

(FEERRR#E]) ¥

KRXETOT AV CRZECERT AERSIRMLRER G
it i £ R i BB 1 A FI200~ 300 B ke % 24F% ) S 55
AT E (3~68) LR, FAFOADRIIKRDELH
Thot-,

;;iif TRER AR R ML AR AE e 4 fED
200 FRUE 2 b N
(5261
ZHYELH FEENE 15
200 hEEWE 14 BE%RE16
BREYE1H (& 2 7))
(3361
" hEEWEL L PEEUEL L
i 4,/50] (80.0%) |1./2) (50.0%)

£2) £TERBHIRLREL OEHFETHS

173

(FEMmEE] ;3
1. HEERER"

ARL, borEr ik ELEEne P RRES
VAT (FVa) RUEMATF (FVla) #&IRAJICTIE
fbdazdickh, RBEERETLE, BEFORE
XY VEEHOHFET TOHRBEH LN, 37774 —T
HHTaTA S TREERK (in vitro),
FANIESEETH DD, burvBREY 2 KRG
T, EREZEERERT S, AFIOFVa, FVIaRiEikic
S HHEEERE, Bt VIREAEETAORERE
FICBWTHEMIZRERT D Z LR SR,

2. M/ MREEEMSHIER®
FEE, f/MRIZBT S ba v EREmETA o L
iZ& 0, b MUMREEMHRIAERERLY (n vitro),

3. BEBTLEERY
AFlZ, PAI-1 BHOBEEL2E L-PAEKLIERT
Hr it vRBTLEERAE R LY (in vitro),

4. GIREIRMARIE Iz 5 £
AENL, v U RO TRBAREZICL 5ETHRRMLE TS
MIBWT, AREFENICHEEER R Liniefk s
MmHEL7= (in vivo).

[(EiRL EDiERE])

[R&EnERE]

AR EAPRERMICEN T Ent, ARIEFER
Liiggid, EERE (RFER)., ToORGEES IS
% (uy hEB), FRERB. FHL-BEDOKAL,
FFREEEHEL., PR L L20EMBRETE DL,

[&:25&H]

SERH SN ICERREBRAERIT, WESNIEFL. i
CRAWORIHEREZDSENL, LT Lbtolebor
VR 2v., 5%, AHOFEIMERUOLRLECHOWT, 2
HEN-AREAEFEOMBELBEE X T, +o72niRE
AEEEEL. TORREBEFEEOHRHFERRE L TRIET
2T ¢L,

(8 #]
250084 134T
BA (AREHMAK) 5 mLiEMAg
R EAS (BRI Wi

C[EEXR]

. RAHRBIZ  FE LERK,47(4),391 (1998)
FERERZITH - H¥E LK, 47(5),718(1998)
ANBRETE A - EEMPIZE.25(2),1081 (1994)
Komoriya, K., et al : Thromb. Res., §7,705(1992)
FARAID  FARKSHEMEFR AT RTRE
(1996)

oWy

[iksgk %]

MHEAN {LERLBFRIEFRRR SETHESRFHE—2
T860-8568 REATMKE-TH6&H1E

2096 (345) 6500



(BRaAE]

BB AN TMIBEL > T3S, LT TROEFICE-~TERTIZ L,

EHAT I+ C
2500HIAT$s & Uik
RAADF Y v 7 %12
L, TLRORE

HHAALPSEI
L, BRAT7F2 +
C2500B{ D I Lidg
IZELAKET,

2 2

TN~ LR TH
HELET.

o

2HM7F2 b C00M{

EMBES (772 _g‘ T BAF . BARB IS EI

Fy N k&) o FHERAKOZTR L

Fay THOTLY R —tEcikE Y ¥,

BMELITL, 24 L . -
AXDITLIIZES l t
FCELAAET.

RWA

E°E

EMBEﬂ@¢*v.;U

TEEZTLES,

COREBEFHMOMBENSHEIATHET,

SLEw - Wk

V= ) it

(302000) 0409—5

174



SOK2005% 2 B ET (8 7150
20044 9 A 3T

B (2) 9

Tt e
876343

B i I0CLUTIC R 28T TIRTF
HOHM  BRRBREBOENG 2F
(BRHDEA A REBRUARIZEKFR)

K E S| 20300AMZ00763
1354 1 I & 19914 11 A
ﬁii%ﬁa%&’ a u A B R 7T B % 1992424 B
AR : -
e = E E S JJLOFM Ik M BEEZR 200249 A
SV PR BRI L AE
EREmALREEEXEF

Novact'M

AFit, HELE MREREMEE LTHALLEZLOTH D, BORSRVEM L LT FOEHKESEZEHFL
THEY, B L 2okt MR 520, M2, BREMEORESERTI L L bIC, RETRICKITS
—EDORTEL - BRELEL2VZER L, BPMECHTAESHFELRC TV, b MOBEEMEELTWSZ EIC
LIABREEEOY XA/ ¥ RAITHRT A LI TE RV, EROERLOLENZTHIZRMNO L, LER/NR
DFERICE DL L, (ERLOEE) OESBMB)

fﬁzé&*’ (Rt - ABICEET EALOTE)
< SYRIC LIRVEET T,
X ARERAOUA (BATBFENAA) CEMLEL 1AM SmLERLE RETCH o CVEATE
ImLFOERITTRDOEL Y THSD,
% 1mLh o (Emlff),}ﬁ]
2 5 s & B . BEHS (ROBEICEREICHETEL)
) S N ; mwm& kit Mo BE (b FARIAALZXBIID
RS | MEEEEXET oM B4 - T TR TETE BV, R LEBEITHE,
AIET AT I 20mg ML BMRADAYES ERLSAERYED 32 L
55.)
I ikt 5.9me QREFLBE - RENHKEOBE (£ b LET AL
ryvv 5mg ABIOOBREEITAEELTETE RV, B L
T o BEICHE. BEEORDART T LKD)
fbr+vy 7u 2. EELEANEE

AR OB Th 2 LREEBXEFRTENGO AR
WTNATIvE, b homiE GROE : BA, Fhbk -
gkifn) FEHEE LTS, £, AFREETIRIZBWV
T, vUANAT Y F—<HRERERS iiEEERS
XEFE/ 7 o—FTAHEK) RUT7 S OBSERERSS
(~RYFRYTA) BEALTHA, RO RERIHBRTH I LN TELROI LBENTE
28, AOREEEXEFE/ 2o —FAGKEEOEH# DOFEESICHLTRHAL, TOBRBILIZHDHZ
RS E LT S OBRB KRS (1A Y) 2EH k.

(BEF~DFHHA]

ERIDERIZHT-» Tt BHROBEKIZBITEEAD L
P L i, AROREIZEL TRBRECRERN
ET3-D0ELAENRRKLLATVDHLOD, £ b
mMEEFEMEE LTV B I ERAXRT IBBEGED Y

LTW3,
2. HEotek

FRNTHERZV LREGCOFZAEBRREATHY . BiTOE
HCEBLEEEERRV LERABDIZE A L EBHRIEH
Eh3,

pH : 6.4~7.4

BEEH $H1 EEAERICHT HH)

[zhae - 2R)
mMEEEEXEFRZBEOHIDER L NHT D

[Ai% - AR]
FAREAARERFEHAKSmL (250E{I8A) . 10mL
(500BE 4 84AN) 3 D\ MF20mL (1,000 (1A THEREL.
BE 1 [Bh iR e E 5 IXE F 500~ 1 000 L & B RPTIC B 1R
CEHT S, AR, - ERS DEEERT S,

(VAR OFELHE 72 DERME O MK >V Tk, HBsHIE,
HHCVHE, HHIV-1H&. SHIV-25# &K UHHTL
V-1fikE T, »OALT (GPT) fETAZ Y—=
FEERLTND, &bz, =N LERMIFZOW
T, HIV. HBVEUHCVIZ W TEEBEERE (N
AT) ZERL, B8 LahidEROREICERLT
WHN, BENATORURAUTOVAALZABERAL
TWAAREMRFEICEET D, TORONETETHLD
AB)TIT4=TF A28 T T7T4—RUEAF VTR
M LTI T A N ABREBLE LY FMEHEED Y
ANAEREL, & 5IZ65TCI6rFRH O RLIRINEANTE % i
L-BATHEME, BB L UL, Kogk+5EE
THIL,

DS ERANORECHETRTH., £ M ART A
NABIOED VAN AEERIIANEL - BRETHI L
BEHETH D20, FRDBEC LY TOKEDOFHE
HEBETERVOT, HE5EH#OBBEY+HICBRT

175

2



SR E.

DIFRTANRED UA NARPOBRIEX ERICRT
ETE&RVOT, BEL+HIITV. ERXEHObR
TSI IR LEBEITI Z L,

NBEF THARDREICLIVERM I ulY Tz b -
Ya7H (VCID) EREELI-LOBERRY, L
LML, METRIIBWIRES AV ZERBL
BILOFEMHDI OO, BHEMNVCIDEDOGE
DY R EFZL2ITITHRTERVO T, 5O
BE~OHEAE+RITV., BRLOLEER TSR
DERETDHZL,

RIFFI745FL—HBERERE- T ENHBZ0T, BE
¥+HIiTH k.

BHEE&HEL-BE. i BEFomETchEEREX
BFIIRTH4 0 E—BBETAIBTANHEZDT,
BEY+HIZITOZE.

WREREICLYDICEE - TREKME L ERICRTETE
ROWOTRERX+HITITIZ L,

GIAFIT ERREAMFEEFXRF Tho., &F
AMEEEEXEFEEE) THR2VO T, A 32%
BREIMFTERY, TORHOBEEREMAFICHTS
AV E SR ATHIREOHMICH LTIER LW
k.

OO R ABRICH L TBBEDBEFICRETIEER
BREZISITH 28, T REABREIHT 36K
PEATHTEN Y TSN ETETERVOT, B8%
+oITFS k.

3. EltEH

BEM04FIF 1 B (0.96%) 23 HEHERIMARD L,

FORRIIFHFRZ., B, AEMHAITHo7,

NEXGRIER
THFI245F—8BEK : 7H7 4 7F—KER B
EFH) 28I 1T L8H50T, BEE+HSITTV.
RENROLAGEICIIRS2PLEL, BYRLEY

P

752 ¢,

(BHFEEATHE)

(D EDttoBIER
wOE X B
B E” R}, AEWL. ERTE
ot ER, IEE
) ZOISRBEIERGEPIEL, BORREEITIZ L,
4. BRE~OKRS

—RICEERE CRERBENSETLTVWS0T, BER

EXrBERL2ACHEEKKRETDHI L,

5. MW ER. BIAREF~OBRS

R ER L TV A AREOH B\ AL, 8% LEDH

BULS BRIt E EES LB SN IBSIC0REETH L,

(ERFOBRECHETIESHIIRI L TV ARV, FHlO

BEIZEY e FAALEYA L ZABIOD R ORI T E

T&ERV, B LEBEICRBRE~OEE (JE. BRKX

HE. BEREL) AR DETHENENRS S, ]

6. BALMDIE

(1 & b FERLEBER2EFRBEB RS, 28800

ey b EAVEIL,

(21 5 B : DBARFICHEBROBRD NI LOIRE LA
Wb, £, —EBSLEbO 1M
IRICERT B k.

B, FR%OBRBIIBER L2V L.
QMOBAERELZV T &,
(IFEREN : D FROFOBILRVWE ZA~BETHZ L,

DEREBFOEFRALSEOABIZSOWVTY
BEOHTIZES Z &,

(FEHEhEE)

EEMER. 0EFONKFHBBELRFL LICBRRR
IKRBWT, FROAKPEIRFEII84.3%. mFEEBHIT
4. 0FRThH o7,

(4232259
HEFBEELRNRL LARMEREREOBERRRIZE N
T, FRAOEBDETRDO L BY Thof ',

iR R|E A K| HLEY | REEE
21 21 223 263

FHE (%)
222/223(99.6)

(ZEzhF2)
AH#Zin vio CEXEFRZMFICHmML, EtELEs
baryR7Z72F 08 (APTT) CEBEMRMZRIELE,
ZOFERNL. AR idin vio CEBHEDRERKOZ L
BB ST,

[BRikLs EmiEE])
[EE&DRTE]
AREIHEEDARKNMIILE T b, FREE
ALIEER, B4 (EER). ToMEESNR
BLERS (ny MES), EAFAR. EFALLAED
A&, ERSL2EHL. P2 LLAFMRET S L.

(@ #]

14T

25084 (AAEBFEHNAKSmL, BFREEANE. 74
NVEZ oYY Rik#E 7Aa—A B BE
HAIEHEM

S00E{L (AAEBHFESHAKIOML., BEREEAS. 74
NMEZ ATV Y Y RIRE, TAa—AK BE
#AIEEMA)

1000862 (B AXKBFHERAK0mL, BERREKEAS, 74
NMETZ ATV Y Y RRE, Tra—n&, #E
HAIERM

EX 3¢ )

1. BEREFEIEH : ERELEESR  24(15)8044,1990

2. BB Xi3h: EELAOEHAFEMREER TR UM
B ES I T R, B
EMRgE

(XmER%]

MEEA CEROBRERAT EXERDEHNE R
T860-8568 MeAHIAKE—THE6F 15

28096 (345) 6500

176



( %) [BERAE]

mEFHBOSHEHRICH T I REEEIROLEY THD Y, 1 2 3 4
. B wiz /282
. W T n FMAAT
k5 BEEHOBORERLLE e Yy
W LL G THWLE
- g % EOPRED &, &L
. PESREL O LR ET B0 # N roeam & o
ol dn BB 4L B K - - EMBEIFO% | T C#W RITHEC
o & :;E; ’;;2 ‘@B 5;? ;‘:‘7;:’; ;it;g ‘@E&; L5 Zent. AT, WAT . ETEERIT B,
vt | Uk | @B vsnen ] e | m/ey | ) S 7 8 y Py
. . EAREE A /
%A om | 0L | s0ptE | 2 L 1 7 el O
/%2
HAEALE 8 l
Ho-Th |EE| 60 60 2 B 0 1 4 i
% i i; §0; *ry Tk
gﬁ o fSMklﬂ: Q:ﬁf; PYUIMeT
- gE| 30 30 1 15 15 1 2 BEEE, iy Pty
5 e | i
. M%
g"g&;‘;m BiE| 30 30 1 *ro7E YyLvE 7559 kM
A in. 5% ﬂ | |o2zox S TRE PSVE >
A £ 50n SERIRIE o, KRN
234 ez s 15 ! RS L/ A Sy EHIIEEL
it <9 hME EHLA YRy T3,
KB 5 mie RO,
] R A +5. ML,
1. AEEREXRFA ey —FEBFILERSNA S~——

v,
2. BEOHEELOMTLARBEROSH 2 BEICKERST
54, mEXIDICREIC >V THEEBIRESBEL.

LEBISE L THET 5.
nEFBEEFHROHTREILLE
£ 1 A
H2~30 [W4~T7H|{WE~1B
# o M | wetk12e%mn

BEL -~ (%) 75 75 40~75 40~75 40
x
F{| 858 (U/ke) 75 75 50 50 0
#

a% (=/8) 1 1 2 1 1

L~ (%) 60 40~60 40~60 20~30
Py
F| R5E (U/ke) 60 40 40 20
w

E¥% (E/B) 1 1 1~2 1

8L~ (%) 30 20+
&%

gER (U/k) 30 20+
4

E% (8/8) 1 1#

WG BT OO N D BEEHARELITS.

1. F£i, BIZAEHOBIITHORARTEICI Y, mWPEIR
FERET .

2. FFICET AR IED BRRER. FHEkcrtT+e
RRFPEFLSAERHERFT I LEH D, EERERT
BELANVICEELRVESE. REEFHET,

3. FERAERBICERUESEBOROAH LB, LBEIZW
UTERPUIFHEZICEBMES L, FaioREL~.
MIETBLEIILT S,

4. FHBMOK/N, FRIOHER, FROBBIZL->TRE
M2 EEERIES,

5. BEfEErohchRBEmMOH 2 EHICKERET D
BRUEEXET S,

COHSEIHMMMBEN S BIESHATOET,

BT YR ARG ERATT
el = 2|V e
(301095) 0501 —14

177





