GLOBAL POVERTY

occurred 75 km south of the port of Skikda (/0). The hy-
pothesis of recent importation of the plague bacillusin Ke-
hailia is therefore tempting but is tempered by the fact that
1) the grain is primarily imported from Europe, which is not
affected by plague, and from North America where natural
foci exist but have very limited areas of overlap with those
regions where cereal grains are grown, 2) no higher mortal-
ity rate in the murine population of the port was noted, 3)
no human cases occurred in this sector of the city, and 4) a
31S—restriction fragment length polymorphism (/7) analy-
sis grouped these strains in a cluster clearly distinct from
the strains isolated from Africa and America (V. Chenal-
Francisque et al., unpub. data).

The geographic concentration of the cases in 2 foci,
both contiguous in the mountainous area of Tessala, sug-
gested the existence of a natural focus in this area. More-
over, Meriones are present in Tessala, and these rodents
are a well-known potential reservoir of Y. pestis (12). The
outbreak occurred at harvest time, and it is possible that
the abrupt reduction in the source of food pushed the wild
rodents to approach houses in which grain was stored.

The current challenge in terms of public health is to
determine if this animal reservoir has disappeared or if it
is well established in the ecosystem. The capture of 3 se-
ropositive small mammals (2 Mus musculus and 1 Aleterix
algerius) in July 2004 (J.L. Soares et al., unpub. data) and
the identification of several Y. pestis infected fleas in the
same area (/3) favor the second option. A

Beyond the local problem, the proximity of a possible
natural teservoir of plague to Oran, a large international
commercial port, raises the possibility of the risk for an ur-
ban outbreak. At the time of the investigation, the sanita-
tion in the city and port were poor and rodents proliferated.
These urban rodents could come in contact with infected
rodents from rural areas in the uncontrolled dumps at the
periphery or through a dry riverbed that penetrates as far as
the city center. Because of Oran’s population density and
the commercial activities of its seaport, a plague outbreak
would have intemational implications.

This outbreak is a textbook illustration of the unex-
pected and sudden reemergence of an infectious disease
epidemic that is potentially highly lethal. It also demon-
strates that the danger of a plague outbreak is not limited to
the currently indexed natural foci. '
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“So many scientists thmk that once theS' figure it out, that’s all they have to
do, and writing it up is just a chore. I never saw it that way; part of the art of any
kind of total scholarship is to say it well.”

—Stephen Jay Gould
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Background: Variant Creutzfeldt-Jakob disease (vCJD)
is an acquired prion disease causally related to bovine
spongiform encephalopathy that has occurred predomi-
nantly in young adults. All clinical cases studied have been
methionine homozygotes at codon 129 of the prion pro-
tein gene (PRNP) with distinctive neuropathological find-
ings'and molecular strain type (PrP* type 4). Modeling
studies in transgenic mice suggest that other PRNP geno-
types will also be susceptible to infection with bovine
spongiform encephalopathy prions but may develop dis-
tinctive phenotypes.

Objective: To describe the histopathologic and mo-
lecular investigation in a young British woman with atypi-
cal sporadic CJD and valine homozygosity at PRNP codon
129.

Design: Case report, autopsy, and molecular analysis.
Sefting: Specialist neurology referral center, together with
the laboratory services of the MRC [Medical Research

Council] Prion Unit.

Subject: Single hospitalized patient.

Main Outcome Measures: Autopsy findings and mo-
lecular investigation results.

Results: Autopsy findings were atypical of sporadic CJD,
with marked gray and white matter degeneration and
widespread prion protein (PrP) deposition. Lymphore-
ticular tissue was not available for analysis. Molecular
analysis of PrP* (the scrapie isoform of PrP) from cer-
ebellar tissue demonstrated a novel PrP* type similar to
that seen in vCJD (PrP* type 4). However, this could be
distinguished from the typical vCJD pattern by an al-
tered protease cleavage site in the presence of the metal
ion chelator EDTA.

Conclusions: Further studies will be required to char-
acterize the prion strain seen in this patient and to in-
vestigate its etiologic relationship with bovine spongi-
form encephalopathy. This case illustrates the importance
of molecular analysis of prion disease, including the use
of EDTA to investigate the metal dependence of prote-
ase cleavage patterns of Prps.
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HE ORIGINAL RECOGNITION
of variant Creutzfeldt-
Jakob disease (vCJD) was
based on a case series of
young patients with rap-
idly progressive dementia, a geographic
and temporal association with bovine
spongiform encephalopathy (BSE), and
novel neuropathological findings consist-
ing of abundant florid prion protein
(PrP) plaques.' Molecular strain typing al-
lowed identification of a unique type of
PrP* (the scrapie isoform of PrP) (type 4)
in the brain that was distinct from those
seen in classic (sporadic or iatrogenic) CJD

and similar to that seen in BSE prion in- -

fection of cattle and other species.? Sub-
sequent biological strain typing in both
conventional and transgenic mice con-
firmed that vCJD and BSE were caused by
the same prion strain.3*

Variant CJD also differs markedly from
classic CJD in having prominent and con-
sistent involvement of lymphoreticular tis-
sue, allowing its diagnosis by tonsil bi-
opsy findings.>” To date, more than 160
individuals have died of vCJD in the United
Kingdom; the number infected by BSE pri-
ons and who may develop prion disease
in the years ahead is unknown because hu-
man prion incubation periods may ex-
ceed 50 years.?

All clinical cases of vCJD studied have
had a methionine-homozygous (MM)
genotype at polymorphic codon 129 of the
prion protein gene (PRNP).° The exten-
sion of BSE prion-related disease to indi-
viduals with valine-homozygous (VV) or
heterozygous (MV) genotypes at PRNP
codon 129 has been predicted by com-
parison with other acquired human prion
diseases'®!! and by transgenic mouse
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models.’*' These models also predict that infection of

VV and MV genotypes with BSE or vCJD prions may re-
sult in propagation of distinct prion strain types and that
patients with VV or MV genotypes might present with
clinical, pathological, and molecular phenotypes dis-
tinct from that of vCJD."*"

To date, we know of no reported cases of clinical vCJD
occurring in the VV or MV genotypes. However, PrP*
has been reported in lymphoid tissues, but not in the brain,
of a patient with PRNP 129 MV who had received blood
from a person with preclinical vCJD and who died of an
unrelated cause.!” In addition, abnormal PrP immuno-
reactivity has been reported in anonymous archived lym-
phoid tissue from 2 individuals with PRNP 129 VV.16
is unknown whether the individual with the MV geno-
type would have gone on (or if those with VV will go on)
to develop clinical disease and, if so, whether the phe-
notype will fit the case definition of vCJD.

— T

Brain homogenates (10% w/v) were prepared in Dulbecco phos-
phate buffered saline lacking Ca?* or Mg** ions. Aliquots were
analyzed with or without proteinase K digestion (50 pg/mL fi-
nal protease concentration, 1 hour, 37°C) by immunoblotting
with anti-PrP monoclonal antibody 3F4' as described previ-
ously.”!® Metal ion—dependent conformations of PrP were de-
termined as previously described.!® Genomic DNA was ex-
tracted from peripheral blood, and the entire PRNP open reading
frame was amplified by polymerase chain reaction and se-
quenced as described previously.? .

REPORT OF A CASE

A 39-year-old woman presented to an optician in Janu-
ary 1999 with episodes of blurred vision and photopho-
bia, but no abnormality was found. Two months later,
she noted memory impairment, diplopia, dysarthria, and
an unsteady gait of fluctuating severity. Five months af-
ter onset, the gait and limb ataxia had progressed, al-
though walking was still possible, and the memory loss
became more profound. The patient then developed para-
noid ideation, aggression, restless nocturnal behavior, an-
orexia, and mood disturbance. By 52 months after on-
set, she could not walk and was unsteady sitting, and limb
movements were clumsy.

Examination showed dysarthria, broken pursuit eye
movements without nystagmus, impaired upgaze, and ste-
reotyped involuntary movements of the legs. However,
limb power, vibration, proprioception, tendon reflexes,
and plantar responses were normal. During the ensuing
4 weeks, speech ceased and incontinence and jerky in-

“voluntary limb movements became evident. Eight months
after onset, the patient was mute but could follow some
commands. She was able to visually fixate and follow mov-
ing objects but also had abnormal, spontaneous hori-
zontal roving eye movements with a supranuclear ver-
tical gaze palsy. Her face was impassive with occasional
twitching movements, brisk facial reflexes, and trismus.
There were prominent jerking movements of all limbs
brought out by use; power was relatively preserved and
the plantar responses were extensor.

\
\

)

Figure 1. T2-weighted axial magnetic resonance image showing diffuse
increased signal within both caudate nuclei and each putamen.

There was a strong family history of late-onset cer-
ebellar ataxia consistent with autosomal dominant in-
heritance. A polyglutamine expansion in ataxin 3 asso-
ciated with spinocerebellar ataxia type 3 was found in a
symptomatic family member, but our patient did not share
this expansion.

Normal results of the following investigations were
found: complete blood cell count, erythrocyte sedimen-
tation rate, C-reactive protein, electrolytes, liver func-
tion, thyroid function, enzyme-linked immunosorbent
assay for syphilis, vitamin By,, folate, ferritin, vitamin E,
and serum ceruloplasmin. Tests for antinuclear, anti-
neuronal, anti-Purkinje cell, and antiganglioside anti-
bodies were negative. Nerve conduction studies showed
no evidence of a peripheral neuropathy. The electroen-
cephalogram 6 months after onset was reported as nor-
mal, but at 7 and 8 months electroencephalograms showed
diffuse slow-wave activity, without epileptiform changes
or periodic discharges typical of CJD. Cerebrospinal fluid
examination showed a normal cell count, protein level,
and glucose level, and oligoclonal immunoglobulin bands
were absent. The protein S100b level of 4.39 ng/mL (ref-
erence cutoff, < 0.38 ng/mL), neuron-specific enolase level
of 98 ng/mL (reference cutoff, <20 ng/ml), and 14-3-3
protein were all abnormal values.

A magnetic resonance image of the brain (Figure 1)
showed diffuse cerebellar atrophy and diffuse increased
signal within both caudate nuclei and each putamen.
Tonsil biopsy was not possible because of a previous ton-
sillectomy from which little tissue remained. Genetic test-
ing for mutations associated with spinocerebellar ataxia
1, 2, 3, 6, and 7 and Friedreich ataxia gave negative re-
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Figure 2. Immunochistochemical analysis of brain sections from the patient. A, Glial fibrillary acidic protein immunohistochemistry of the molecular and gtanulie

cell layers of the cerebellum showing neuronal loss and Bergmann astrocytosis (original magnification %20). B, Granular prion protein staining in the cerebellum
(originat magnification x40). C, Perineuronal prion protein staining in the temporat fobe (original magnification x20). D, Prion protein plagues in the temporal

lobe (original magnification x20).

sults. Sequencing of the PRNP open reading frame was
normal on 2 separate occasions. A polymerase chain re-
action performed with primers designed to amplify the
octapeptide repeat region of PRNP did not demonstrate
an insertion mutation. The codon 129 polymorphism was
homozygous for valine.

Fourteen months after onset, the patient died and an
autopsy was performed.

AUTOPSY FINDINGS

Histopathologic examination was limited to the brain and
spinal cord (Figure 2). The findings were atypical of
sporadic CJD in the severity of white matter degenera-
tion and the extensive nature of PrP deposition in the cor-
tex and white matter. The frontal cortex showed ex-
tremely severe neuronal loss with striking astrocytosis
and prominent spongiform vacuolation. There was se-
vere overall loss of white matter, in places reminiscent
of infarction. Deposition of PrP was extensive through-
out the cortex and white matter. In places.this was a dif-
fuse punctate deposition similar to the recognized syn-
aptic pattern. Occasionally, individual cells, mainly
pyramidal neurons, were outlined by PrP deposition and
had a fine granular intracellular deposition. More dense
deposits, similar to plaques, were seen in the cortex. Also
in the white matter, PrP deposits were seen ranging from

a couple of micrometers to much larger plaquelike de-
posits, although these were not florid.

Temporal, parietal, and occipital lobes showed histologic
features similar to those described in the frontal lobe, the
occipital lobe being most severe. The hippocampus was rela-
tively well preserved. In the caudate, putamen, and amyg-
dala there was neuronal loss, astrocytosis, and microglial
activation. The thalamus, midbrain, and substantia nigra
showed mild to moderate spongiform change, neuronal loss,
and astrocytosis with intraneuronal and extracellular punc-
tate deposits. The pons and medulla wére less severely af-
fected than the midbrain with punctate PrP deposits. The
cerebral peduncles were severely affected, with nearly com-
plete loss of myelin. The cerebellum was very severely af-
fected, with a dramatic loss of Purkinje and granule cells
accompanied by vacuolation and astrocytosis. The cerebel-
lar white matter showed severe white matter loss similar
to incipient infarcts. Deposition of PrP in the cerebellum
was marked with accumulation of punctate deposits resem-
bling plaques, most commonly in the granule cell layer. In
the white matter the deposits were denser still, occasion-
ally plaquelike or forming irregular linear deposits.

PrP5 TYPING STUDIES

Western blot analysis was performed on fresh frozen cer-
ebellar tissue from the patient. Identical results were ob-
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PrPse Type

Figure 3. immunoblotting of 10% brain homogenate after limited proteinase
K digestion using anti~prion protein (PrP) monoclonal antibody 3F4. Lanes
1, 2, and 3 show 3 types of PrPS (the scrapie isoform of PrP) seen in
sporadic and iatrogenic cases of Creutzfeldt-Jakob disease; lane 4 shows
PrPs type 4, which is uniquely seen in brain tissue from patients with variant
Creutzfeldt-Jakob disease.? Lane 5 shows PrP% from the cerebellum of our
patient demonstrating the same predominance of the high-molecular-mass
diglycosylated PrP glycoform and a molecular mass of all PrP fragments
similar to those of PrP type 4. T

tained from separately analyzed tissue samples from op-

posite poles of the cerebellum. The glycoform ratio and
fragment sizes resembled PrP> type 4 seen in vCJD
(Figure 3). The nonglycosylated band was seen as a dou-
blet, as is seen for PrP* in the cerebellum in vCJD
(Figure 4). The effect of adding the metal ion chelator
EDTA to the cerebellum homogenate before proteinase
K cleavage was to reduce the apparent molecular weight
of PrP* fragments. This reflects the involvement of metal
ions (most likely copper and zinc) in the conformation
of PrP and determination of accessible protease cleav-
age sites.' This deduction was verified by showing that
application of zinc ions to EDTA-treated samples before
proteolysis resulted in preservation of the original PtP*
fragment size (Figure 4C). Although similar depen-
dence on metal ions is observed for some PrP* conform-
ers associated with sporadic CJD,'**! this is not ob-
served with PrP* type 4 propagated in vCJD*** (Figure 4).
Therefore, these findings reflect a novel PrP* type when
compared with the diversity we and others have so far
documented.?**®

Does the PrP* typing suggest a BSE-related cause, or can
our findings be accommodated by the spectrum seen in
sporadic CJD cases worldwide? The molecular strain typ-
ing of the patient’s brain material demonstrated a novel
PrP* type when compared with our archived cases.” There
is as yet no internationally agreed-on classification of PrP*
type: Parchi and colleagues™ identified 2 PrP* types in spo-
radic CJD. However, Hill et al described 3 PrP> types as-
sociated with sporadic and iatrogenic CJD (types 1-3) and

PrP* type 4 associated with vCJD. The PrP* type 5 has,
to our knowledge, been observed only in mice express-

- + EDTA - + +

Figure 4. Immunoblotting of 10% brain homogenate after limited proteinase_
K (PK) digestion using anti~prion protein (PrP) monoclonal antibody 3F4.

A, Cerebellum from a patient with variant Creutzfeldt-Jakob disease
demonstrating a doublet of low-molecular-mass nonglycosylated bands of
Pris (the scrapie isoform pf PrP) with an identical pattem of PrP fragments
observed after proteolysis in the presence of 25mM EDTA., B, Cerebellum
from our patient demonstrating a doublet of low-molecular-mass
nonglycosylated PrP* bands. All bands migrate with lower apparent
molecular mass following proteolysis in the presence of 25mM EDTA.

C, Aliquots of cerebellum homogenate from our patient digested directly with-
proteinase K or after treatment with 25mM EDTA and sequential washing of
insoluble pellets with A-ethyl morpholine buffer either lacking (-} or
containing (+) 20uM zinc chloride {ZnCl,).*

ing human PrP 129V inoculated with vCJD.>12 Hill et ai?!
recently described a novel PrP* type 6 in sporadic CJD.

The PrP* type from our case has features similar to
PrP* type 4 (vCJD) in the predominance of the diglyco-
sylated band; however, it is distinct from PrP* type 4 in
the dependence of the protease cleavage pattern of PrP*
on metal ions, suggesting a distinct PrP* conformation.
Unfortunately, only cerebellum was available for West-
ern blotting in this case, although in vCJD cases from
which whole brain was available we have not found evi-
dence of any regional variation in PrP> type. Others have
reported coexistence of Gambetti PrP* type 1 in the brain
from patients with vCJD as a minority component.?* It
would also have been interesting to look for peripheral
lymphoreticular PrP deposition because this is promi-
nent in vCJD, but that tissue was not available for analy-
sis. Transmission of BSE isolates to transgenic mice ex-
pressing human PrP 129 valine results in clinical prion
disease with undetectable PrP5; however, transmission
of vCJD isolates to the same mice produces PrP> type 5
that shares the same predominance of diglycosylated PrP*
to that of PrP* type 4, and these data suggest that the
molecular signature of BSE may be preserved after BSE
transmission to PRNP codon 129 VV humans.**? Trans-
mission studies of the current case in transgenic mice are
now being undertaken to investigate transmission
characteristics.

We have described a novel PrP* type that would be
designated type 7 by our classification. A firm connec-
tion between novel PrP* types and BSE cannot be made
on thie basis of a single case, and it will be important to
see whether other similar cases occur in the United

Kingdom and other BSE-exposed countries but not else- -

where and to perform detailed transmission studies of
prions from this patient into transgenic and conven-
tional mice to compare with BSE-derived isolates from
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cattle and other species. Two other cases of prion dis-
ease with valine homozygosity and atypical features
have been reported in the United Kingdom and the
Netherlands. One of these cases was atypical because of
very young onset and a protracted psychiatric history®;
the other was notable because certain clinical and
molecular features of the case overlapped with those of
vCJD, including Western blot analysis of autopsied
brain showing a predominance of a diglycosylated PrP*
isoform.*

We recommend keeping an open mind about the eti-
ology of such cases during the ensuing years. These cases
emphasize the importance both of continued surveil-
lance of prion disease and the further development and
refinement of molecular classification of prion diseases
of humans and animals. It will also be important to as-
sess lymphoreticular involvement in subsequent cases
either at diagnostic tonsil biopsy or at autopsy.
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Abstract

Chronic wasting disease (CWD) is a transmissible spongiform encephalopathy that can affect North Amierican cervids (deer, elk, and
moose). Using a novel in vitro conversion system based on incubation of prions with normal brain homogenates, we now report that
Prpc¥P of elk can readily induce the conversion of normal cervid PrP (PrP€) molecules to a protease-resistant form, but is less efficient
in converting the PrP€ of other species, such as human, bovine, hamster, and mouse. However, when substrate brain homogenates are
partially denatured by acidic conditions (pH 3.5), PrPCWD-mduced conversion can be greatly enhanced in all species. Our results dem-
onstrate that PrP€ from cervids (including moase) can be efficiently converted to a protease-resistant form by inicubation with elk CWD
prions, presumably due to sequence and structural similarities between these species. Moreover, partial denaturation of substrate Prp¢

can apparently overcome the structural barriers between more distant species.

© 2007 Elsevier Inc. All rights reserved.

Keyword.:.: CWD;" PrPC; PrP%; In vitro conversion‘; Species barrier

Chronic wasting disease (CWD) is a cervid form of
transmissible spongiform encephalopathy-(TSE) or prion
disease. CWD’s rapid spread from’ Colorado to other
states [1,2], to Canhadian' provinces (Alberta Saskatche-
wan) [1] and to Korea [2,3] has raised concerns about ifs
species tropism [4-6). CWD has been transmitted to cattle
via intracerebral inoculation [7], and to other animals,
including ferrets, mink, and goats [8,9]. Reports document-
ing CWD prions in the muscle [10,11], blood, .and saliva
[12] of infected cervids, have heightened interest in the dis-
ease by public health agencies {13].

- CWD and other TSE:s are believed to be due to the tem-
plate-directed accumulation of disease-associated prion

* Corresponding author. Fax: +1 604 822 7299. .
E-muail addréss: Neil.Cashman@vch.ca (N.R. Cashman).

0006-291X/$ - see front matter' © 2007 Elsevier lnc All rights reserved.
doi:10.1016/.bbrc.2007.10.087

245

protein, generically designated PrP%. PrP¢ in brain
homogenates can be converted to a protease-resistant form
by incubation with PrP%° “seeds” which are thought to
recapitulate the template-directed misfolding of prion pro-
tein in disease [14,15], including protein misfolding cyclic
amplification (PMCA) {15} We have previously reported
that partially denatured human brain PrP¢ (which may
mimic a PrP conversion intermediate [16]) is a superior sub-
strate for-templated in vitro conversion compared with
untreated PrPC in an incubation-shaking assay that does

.not utilize PMCA sonication [17]

Materials and methods

Reagents and antibodies. Proteinase' K (PK) was purchased from
Invitrogen. Mouse monoclonal ‘antibody 6H4 was from Prionics Co.
(Ziirich, Switzerland). Horseradish peroxidasé-conjugated sheep anti-
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mouse antibody. was purchased from Amersham Biosciences. All other
chemicals were purchased from Sigma unless specified otherwise.

Brain tissues and homogenate preparation. All brain samples were
obtained from the disease control and surveillance programs of the
Canadian Food Inspection Agency (CFIA) and were harvested within
24'h of death. The normal brain tissue was determined to be free of
neurological disorders on the basis of neuropathological examination. The
presence of PrPS in brain tissue from an elk with clinical chronic wasting
disease (CWD) was. confirmed by immunohistochemistry and PK resis-
‘tance on immunoblotting analysis. All tissues were frozen immediately
after collection and stored at —80 °C.. Ten percent (w/v) brain homoge-
nates were prepared in lysis buffer (100 mM NaCl, 10 mM EDTA, 0.5%
Nonidet P-40, 0.5% sodium deoxycholate, and 10 mM Tris-HCI, pH 7.5)
as previously described [17].

Preparation of acidlGdnHCl-treated PrP The preparation was fol-
lowed as previously described [17), in brief, 100 pl of 10% brain homog-
enate was mixed with an equal volume of 3.0 M guanidine hydrochloride
GdnHQ (final concentration of 1.5 M) in PBS at pH 7.4 or pH 3.5

_adjusted with 1 M HCI, and incubated for 5 h at room temperature with
shaking. After that, samples were precipitated with methanol and resus-
pended in 100 ul of PBS (pH 7.4) with 0.05% SDS, 0,5% Triton X-100.

In vitro conversion of acidlGdnHCl-treated PrPC In vitro conversion
was performed in a 50 ul volume of the appropriate test substrate material -
(49 p! of normal brain homogenate + 1 pl CWD brain homogenate in a

A ;

1:50 dilution as the prion template). The sample was then incubated in a
thermomixer at 37°C for 12h with shaking. After PK digestion and
boiling in the loading buffer, the samples were subjected to SDS-PAGE
and immunoblotting.

Proteinase K resistance and immunoblotting. To determine the PK-
resistance of the PrP, 20 pl of the sample was incubated with PK at 100 pg/
ml for 1 h at 37 °C, and the digestion reaction was terminated by addition
of PMSF to 2mM. of final concentration. Proteins were separated by
NuPAGE 4-12% pre-cast Bis—Tris gel (Invitrogen) and electrotransferred
onto PVDF membranes. 6H4 was used as primary antibody (1:5000) and
horseradish peroxidase-conjugated sheep anti-mouse IgG as secondary
antibody. The proteins were visualized by enhanced chemilumines-
cence + Plus (ECL + Plus, Amersham Biosciences), the blots were scan-
ned and were analyzed by Quantity One (Bio-Rad) software. At least eight
experiments were performed on each.species.

Results and discussion '
Sequence alignment of prion protein

CWD appears to be freely transmitted among suscepti-
ble species of cervids by direct or environmentally medi-

Fig. 1. Prion protein amino acid sequence alignment. (A) Prion protcm sequence alignment of canbou/remdeer (rangxfer) elk and moose. Protein
. sequences of PrPC in cervid group are highly conserved, except for one arnino acid polymorphism boxed in grey (B) Prion protein sequence ahgnment of

"elk and other spectes (hamster human, mouse, bovme and sheep) PrP is >90% conserved.
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- Rangifer MVKSHIGSWI LVLFVAMWSD VGLCKKRPKP GGGWNTGGSR YPGQGSPGGN
Elk MVKSHIGSWI LVLFVAMWSD VGLCKKRPKP GGGWNTGGSR YPGQOGSPGGN
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, 51 . . L
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ated horizontal contact [5,9.18,19]). We aligned the amino
acid sequences from species of cervid species which were
used in the experiment: elk (Cervus elaphus; GenBank
Accession No. CAA70902) reindeer/caribou, (Rangifer

tarandus; GenBank Accession No. AAZ81477—reindeer -

is the European name for wild caribou), and moose (Alces

alces; GenBark Accession No. AAZ81479) (Fig. 1A). The

protein sequence of these three cervid species is highly
conserved, with only one amino acid polymorphism
reported in GenBank. We also aligned the amino acid
sequences of elk with other species, such as hamster,
human, mouse, bovine, and sheep, which reveals that
the protein sequence of PrP® is more than 90% conserved
(Fig. 1B).

In vitro conversion of various species with CWD prion
template

Normal brain homogenates from elk, reindeer, moose,
caribou, human, hamster, mouse, bovine, and sheep, which
were incubated with CWD-affected elk brain “seeds’, were
tested for conversion to a protease-resistant PrP isoform
(Fig. 2) as previously described for human CJD in vitro
conversion [17). As a negative control, Prnp null mouse
brain showed no signal corresponding to PK-resistant
PrP> (Fig. 2, K/O mouse bar). Partial denaturation of nor-
mal brain homogenates induced by exposure to low pH
and guanidine enhanced in vitro conversion to PK-resistant
PrP> (Fig. 2) has been previously reported for the human_
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CWD- CWD+ elk reindeer moose caribou human hamstermouse K/O bovine sheep

pH 74 35 74 3574 35 74 35 74 35 7435743.5743574357435

PK -+ 4+ + o+ + o+ o+ 4+

34K

28K

17K
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"Fig. 2. In vitro conversion of treated PrP in the presence of PrP* from CWD elk brain. Immunoblots of the PK -resistant PrP isoforms with 6H4 antibody.
Samples were treated with GdnHCl and incubated in PBS (pH 7.4) with 0.05%.SDS and 0.5% Triton X-100, at 37 °C for 12 h with shaking in the presence
of trace amount of elk PrP%*. CWD—, normal elk brairi homogenate as control: — and + indicates the PK treatment. CWD-+, elk CWD brain homogenate
as a control. The rests are the amplification of PrP* in the different species, using elk CWD as seed, treated or untreated with acid (pH 7.4 or pH 3.5).

system [17]). All samples of normal brain contairicd PP,

which was sensitive to PK digestion (elk shown in Fig. 2,
other species not shown). Five microliters of CWD brain
homogenate was barely visible after PK digestion
(Fig. 2), which was 25-fold greater than the dilution-
adjusted CWD seed used in conversion system, excluding
artifact from input PrP. Bands of the PK-resistant PrPS
form were present at- ~21 kDa in all the species under
acidic conditions (pH 3.5), except for the Prup null mouse
(Fig 2). However, PK-resistant PrP* was poorly generated
in some species in which the brain homogenates. were

treated under neutral conditions (pH 7.4), such as in: )
human, hamster, mouse, bovine, and sheep. For homoge--

nates treated at neutral pH (pH 7.4), the progression from
most  susceptible to least susceptible was: elk,
reindeer > moose > caribou > hamster > human, bovine,
sheep > mouse, with no detected conversion in Prap null
mouse brain.

PrP conversion efficiency enhancement by partial
denaturation

Treatment of substrate brain with acidic pH (pH 3.5)
enhanced PrP““P.induced conversion of all species, except
Prap null mice. as expected (Fig. 3A). If the conversion of
partially denatured PrP can be considered to be the maxi-
mum -achievable conversion, the ratio of conversion of
brain -homogenates treated at pH 7.4 relative to pH 3.5
. may provide a “conversion efficiency ratio” (CER) for that
species. The: comparative CER within different species is’
shown in Fig. 3B. Notably, some cervid species showed

.-variability in crude conversion efficiency of native and -

denatured substrate, despite similar (or even identical)
- PrP amino - acid sequences (e.g., caribou and reindeer)..
Although individual assays might vary for trivial reasons
such as slightly differing concentration of brain homoge-
nate, the adjusted CER seems to indicate all cervids display
similar -substrate conversion efficiency as expected from
their evolutionary proximity. The CER analysis also

CpH 7.4
. 1754 ElpH 3.5

B

Relative conversion (%)

T T T ¥ T
0\*. Q,é 09'0 OO\) 0(\ "&‘
S o & o@ &
& & S

Fig. 3. {A) The immunoblots as in Fig. 2 were examined by.densitometry -
to determine’ the ratio of neutral (pH 7.4) and acidic (pH 3.5): forms of -
PrP* using Quantity One software (Bio-Rad).-(B) Consen-“dtion efficiency -

ratio of native and denatured PrP substrate. »

appéars to show that hamster‘ségregatm with the cervids.
Although Syrian hamsters were initialty deemed resistant

to CWD, a recent publication demonstrates that CWD

can be transmitted and adapted to hamsters [20}
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Measurement of species barriers by in vitro conversion
assay's

A number of studies have been published on the PrPSe-
induced conversion of PrP¢ [14.15,21-25) However, in
these assays require molecular cloning to obtain recombi-
nant PrP of different species, derived from cells in culture
that may not possess brain-specific PrP posttranslational
modifications, and/or brain molecules which may facilitate
PrP isoform conversion. Furthermore, it now appears that
PMCA may trigger stochastic generation of PrP> de novo
[15], which may render this technique unsuitable for deter-
mining species barriers of prion infection.

Substrate denaturation and human health

We confirm with multiple species that acid/GdnHCI-
treated brain PrP€ is a superior substrate for in vitro con-
version than untreated PrP®, possibly by overcoming con-
formational barriers in partial denaturation of substrate
PrP€. PrP conversion in scrapie-infected neuroblastoma
cells is believed to occur in endosomes, a low-pH and
reducing environment [26] The non-ruminant stomach
possesses a low pH lumen, and PrP€ is expressed in this
organ [27} Such acidic (denaturing) organ or cellular
organellar environments might also promote CWD trans-
mission to non-cervid species, including humans.
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Diagnosis of transmissible spongiform encephalopathy (TSE)
disease in humans and ruminants relies on the detection in post-
mortem brain tissue of the protease-resistant form of the host
glycoprotein PrP. The presence of this abnormal isoform (PcPS)
in tissues is taken as indicative of the presence of TSE infectivity.
Here we demonstrate conclusively that high titers of TSE infec-
tivity can be present in brain tissue of animals that show clinical
and vacuolar signs of TSE disease but contain low or undetect-
ablelevels of PrP5<. This work questions the correlation between

PrP® level and the titer of infectivity and shows. that tissues

containing little or no proteinase K-resistant PrP can be infec-
tious and harbor high titers of TSE infectivity. Reliance on pro-
tease-resistant PrP>¢ as a sole measure of infectivity may there-
fore in some instances significantly underestimate biological"
properties of diagnostic samples, thereby undermining efforts
to contain and eradicate TSEs. - :

The transmissible spongiform encephalopathy (TSE)* dis-
eases (also known as prion diseases) are infectious, fatal neuro-
degenerative diseases of animals, which include Creutzfeldt-
Jacob disease (CJD) in humans and bovine spongiform
encephalopathy (BSE) in cattle. The true identity of the infec-
tious agent responsible for these diseases is not known. How-
ever, it has been proposed that TSE disease is caused by an
abnormal form of the host glycoprotein, PrP (1). The abnormal,
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“The abbreviations used are: TSE, transmissible spongiform encepha lopathy;
D, Creutzfeldt-Jacob disease; vCID, variant’ Creutzfeldt-Jacob disease;
PK, proteinase K; GSS, Gerstmann Straussler Scheinker; CDI, conformation-
dependent immunoassay; IP, immunoprecipitation; HC, immunohisto-
chemistry; mAb, monoclonal antibody; BSE, bovire spongiform encepha-
lopathy; PrP-res, PK-resistant PrP*S; sPrP%<, PK-sensitive form of PrP5< ELISA,
enzyme-linked immunosorbent assay; d/n, ratio of denatured to native
signal; Wt, wild-type.
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disease-associated form of the protein (PrP%°), is partially pro-
tease-résistant and detergent-insoluble unlike the normal cel-
lular conformer (PrP<), and is seen to accumulate in diseased
tissues. The prion hypothesis predicts that PrP alone is the
infectious agent of TSE and is able to induce the conversion of
endogenous PrP< into the abnormal form during disease (2).
Most human TSE diseases are familial or sporadic, but dis-
ease can also be acquired by surgical intervention (3) or blood
transfusion from infected individuals (4-9), or possibly from
the consumption of BSE-infected meat products; the presumed-
cause of variant CJD (vCJD) (10). The extent to which vCJD
infection in particular is present in the United Kingdom popu-
lation is unknown, but recent research has suggested there may
be a higher rate of subclinical or preclinical vCJD than previ-
ously thought in different human PrP genotypes (7, 11-13).
Although BSE is declining in the United Kingdom, cases have
now been observed in cattle in countries that have not previ-
ously reported BSE. It is also unknown whether the agent
responsible for BSE has re-entered the human food chain fol-
lowing transmission to sheep. For these reasons a high level of
active and passive surveillance of ruminants is required at
slaughter to monitor and prevent TSE-infected material from
entering the human food chain. The introduction of ante-mor-
tem surveillance in the human population is also critical to pre-

vent the human-to-human transmission of vCJD by blood .

transfusion or surgical procedures. This will be of particular
importance if subclinical disease proves to be a significant risk
in vCJD transmission (12, 13). »

Positive identification of TSE infectivity can only be demon-
strated conclusively by transmission of disease to laboratory
animals. Such assays are time-consuming, due to long incuba-
tion times, and expensive, and are therefore not suitable for the
rapid diagnosis of all ante- or post-mortem samples. Current
diagnostic tests instead rely on the detection of disease-associ-
ated PrP*¢ in samples taken from brain post-mortem. The

development of ante-mortem diagnostic tests is also being

based around more sensitive assays for PrP>“.-Several diagnos-
tic tests are available commercially, and most require protein-
ase K (PK) treatment of tissue homogenates to isolate disease-
specific PK-resistant PrP®¢ (PrP-res). It has not yet been
definitively proven that PrP> is the TSE infectious agent, and
whether it is present in dll infected tissues. Studies using 263K
hamster scrapie have shown a strong correlation between PrP-
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res and infectivity (2, 14, 15). However, other studies have dem-
onstrated the transmission of disease from infected animals
that appear to lack significant levels of PrP-res (16 —19). In such
cases it has been suggested that a PK-sensitive form of PrP*c
(sPrP5¢) may represent the infectious agent (20-22). Hence it is
possible that infectivity may be associated with a specific iso-
form of abnormal PrP. The identification of this specific con-
former is imperative for the future of TSE diagnosis. If present,
large amounts of PrP*° may be a clear indication of the presence
of infectivity in a tissue sample. However, if TSE infectivity does
not-always associate with high levels of PrP*¢, current diagnos-
tic methods may fail to identify all animals with TSE disease and
may not provide a realistic estimate of the level of infectivity in
an infected tissue. For the purposes of this study, PrP* is used
to define all abnormal forms of PrP, whereas PrP-res specifi-
cally defines PK-resistant PrP, and sPrP*° defines PK-sensitive
forms of Prp5<.

We have previously identified two mouse models of TSE dis-
ease (18, 19) that indicate that the association between PrP-res
and infectivity is not as straightforward as predicted by the

_prion hypothesis. Unlike wild-type controls, transgenic mice

homozygous for a targeted mutation at amino acid 101 (proline
to leucine) in endogenous murine PrP (101LL) develop clinical

- TSE disedse following inoculation with hamster 263K scrapieor

human Gerstmann Striussler Scheinker .(GSS) P102L disease

. " (patient shown to contain vacuolar pathology and PrP-res at
v post—mortem) (18,- 19). Pathological analysis of brain tissue
} from these mice (101LL/GSS and 101LL/263K) showed TSE--
;- associated vacuelization,and the:disease could be further trans-

mitted to 101LL 'mice with short incubation times of 100160

. days (18, 19). Such incubation times were indicative of a high

titer of infectivity in the 101LL/GSS and 101LL/263K tissues,
yet analysis by immunoblot revealed that most-animals. con-
tained extremely low levels of PrP-res, and several contained no
detectable PrP-res at all (18, 19). However, the presence of high

_ titers of infectivity cannot be proven by a short disease incuba-

tion time. To establish the true relationship between PrP*c and

‘ infectivity we have now: performed detailed and quantitative
analyses of the disease in these mice. The 1D, (dilution at
~which 50% of the animals become infected) and titer of infec-

tivity in several 101LL/GSS- and 101LL/263K-infected brains
have been established by bioassay. Corresponding levels of PrP-

res in the same tissues have also been established semi-quanti- -

tatively by immunoblot. These analyses have shown no rela-

- tionship between infectivity titer and PrP-res level. Moreover

no other disease-associated forms of PrP were detectable in
‘these tissues. Thus within our model system there is a clear
dissociation between titer of infectivity and level of PrP>c.

EXPERIMENTAL PROCEDUﬁES

) Transgenic Mouse Lines and Tzssues—[nbred gene-targeted g
"“transgenic mouse line 101LL and the corresponding inbred
129/01a wild-type control line have been described previously -

(18). 101LL/GSS tissues were produced by inoculation of 101LL

transgenic mice with 1% brain homogenate prepared from the ;
occipital cortex of a GSS P102L brain showing numerous mul-

ticentric plaques and abundant PrP-res by immunoblot. The
mdxvxdual was methionine 129. homozygous with a conﬁrmed

Relationship between PrP*>< and Infectivity

proline to leucine mutation at codon 102.° 101LL/263K tissues
were produced by inoculation of 101LL transgenic mice with
1% brain homogenate from a 263K-infected hamster. Control
tissues were produced by ME7 inoculation of 129/0la wild-type
mice and 101LL transgenic mice.

Preparation of Inocula—Separate inocula were prepared

from the brains of two 101LL/GSS- and three 101LL/263K-
infected mice with terminal TSE disease, which had been
shown by immunohistochemical (IHC) analysis to contain
extremely low levels of PrP deposition. Inocula were also pre-
pared from brains of one wild-type and one 101LL mouse with
terminal ME7 scrapie as controls. A 10% homogenate of each
sample was prepared in sterile saline prior to use as an inocu-

lum. This inoculum was then used to produce a series of 10-fold - -

dilutions from 1072 to 10~ ? in sterile saline. Each dilution (20
1) was inoculated. intracerebrally under anesthesia into groups
of 101LL mice for 101LL/ME7, 101LL/GSS, and 101LL/263K
tissues, or wild-type 129/Ola mice for Wt/ME7 tissue. All
experimental protocols were submitted to the Local Ethical
Review Committee for approval before mice were inoculated.
All experiments were performed under license and in accord-

ance with'the UK Home Office Regulations (Animals (Scientific -

Procedures) Act of 1986).

=~ Seoring of Clinical’ TSE~ Disease==The “presence” of clinical

TSE disease was assessed as described previously (23). Animals-

were scored for clinical-disease without reference to the geno-;
-type of the mouse. Genotypes were confirmed for each animal -
by PCR analysis of tail DNA at the end of the experiment. Incu-, *
‘bation times were calculated as the interval between inocula-;

tion and cull due to terminal TSE disease. Mice were killed by
cervical dislocation at the terminal stage of disease, at termina-

tion of the experiment (between 500 700 days), or for welfare"
reasoris due to intercurrent illness. The: proportion of mice~
showing positive vacuolar pathology. was' calculated for each:
-group, and the ID, (dilution at which 50% of the mice became.

infected) was determined using the Karber method (24). This
value was used to calculate the number of infectious units per

gram wet'weight-of tissue (IU/g).

Genotyping-of Mouse Tail DNA—A 2- to 3-cm portion of tail

.was removed post-mortem from each mouse. DNA was pre-
pared, and the PrP genotype of each mouse was confirmed as
_described previously (18).

Immunoblot: Analysis and Quantzﬁcatwn of PrP- res—For
immunoblot analysis, residual inocula (10% saline homoge-
nate) ‘were mixed with an equal volume of 2X Nonidet P-40
buffer (2% Nonidet P-40, 1% sodium deoxycholate, 300 mm
NaCl, 100 mm Tris/HCI, pH 7.5) and further homogenized in a

.. microcentrifuge tube using 2030 strokes with a pre-cooled
" centrifuge tube pestle (Anachem). The homogenate was centri-
“fuged at 11,000 X gfor 10 minat 10 *Cto remove cellular debris;
“and the supematant stored in 50-ul aliquots at

—70°C. For.
quantification of PrP-res levels in each tissue, homogenates
were digested with 20 pg/ml PK at 37°C for 1 h. Digested
homogenates were-diluted to 1%, and 2-fold serial dilutions
were prepared using PK-treated normal brain homogenate as

S J.W. Ironside and M. W. Head, personal communication.
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the diluent to keep overall protein concentrations constant.
Diluted samples were mixed with sample loading buffer and
sample reducing agent (Invitrogen) and loaded across two 12%
Tris/glycine polyacrylamide gels (Invitrogen) at concentrations
ranging from 1 mg/ml to 3.9 ug/ml (200 pg to 0.8 ug of wet
weight tissue equivalent). 50 ng of recombinant PrP was loaded
onto each gel as an internal control. After separation, proteins
were transferred onto a polyvinylidene difluoride membrane by
electroblotting, and PrP was detected with mAb 8H4 (West
Dura ECL substrate, Pierce). Monoclonal antibody 7A12 and
polyclonal antibody 1B3 were also used to confirm the low PrP-
res levels in 101LL/GSS and 101LL/263K tissues. Images were
captured on both x-ray film and by a Kodak Digital Image Sta-
tion 440. Experiments were repeated in duplicate or triplicate
depending on sample availability.

Digital images of each gel were analyzed using Kodak ID soft-
ware, and PrP-res levels were expressed as pixel intensities.
Samples were normalized across the two blots and quantified
using the recombinant PrP controls as standards. Each value
was multiplied by the dilution factor, and an average was taken
for all samples run per tissue to determine the level of PrP-res
per gram wet weight brain tissue in each model. This value,
combined with the titer of TSE infectivity measured in each

_tissue (IU/g) was used to calculate the number of molecules_ of

PrP-res per infectious unit for each tissue as in Equatlons 1-3.
Number of PrP-res molecules per g of tissue = n  (Eq.1)
n = [PrP-res per g/Avagadro’s number (6.02 X 10®)l/
molecular wéight PrP (30,000) (tq.2)
Number of molecules PrP-res per infectious unit:
= pftiter (IU/g) (Eq.3)

Measurement of Alternative Forms of PrP—The PK resist-
ance of PrP in all samples was analyzed by digestion with a

range of PK concentrations. Individual 9-ul aliquots of each 5%

Nonidet P-40 brain homogenate were incubated at 37 °Cfor 1 h
with PK concentrations ranging from 1 to 20 pg/ml. The reac-
tion was terminated by addition of phenylmethylsulfonyl fluo-
ride to 1 mM, and samples were analyzed by SDS-PAGE and
immunoblotting as described above. -

For “cold PK” digestion, samples (10%. homogenate) were
incubated with 250 pg/ml PK on ice for 1 h. Digestion was
stopped by the addition of phenylmethylsulfonyl fluoride to 1
mm. Samples were de-glycosylated with peptide N-glycosidase
F (New England Biolabs) following the manufacturer’s instruc-
tions and analyzed by SDS-PAGE and immunoblotting.

CDI Analysis—Samples were analyzed for the presence of
PrPS¢ using conformation-dependent immunoassay (CDI) as
described by Safar et al. (20). Briefly, abnormal PrP was precip-
itated from brain homogenates of 101LL/GSS, 101LL/263K,
and 101LL/ME7 infected mice and uninfected 101LL mice
using sodium phosphotungstate, and pellets were resuspended
in either distilled water or 4 M guanidine hydrochloride to pro-
duce native and denatured samples. 4 M guanidine hydrochlo-
ride samples were further heat-denatured at 80 °C for 6 min.
Samples were added to 96-well plates coated with mAb FH11,

35880 JOURNAL OF BIOLOGICAL CHEMISTRY

255

and PrP levels were detected using europium-labeled mAb
7A12 and a Victor 2 ELISA plate reader (PerkinElmer Life Sci-
ences). The ratio of denatured to native signal (d/n) was calcu-
lated for each tissue to determine the presence of PrP*c,
Immunoprecipitation of PrP**—Laterally bisected brain
halves from 101LL transgenic mice were homogenized at 10%
(w/v) in Tris-buffered saline and diluted to reach a concentra-
tion of 5% (w/v) in Tris-buffered saline containing 1% Triton.
Homogenates were sonicated for three pulses of 4 s and clari-
fied by centrifugation at 400 X gfor 10 min at 4 °C. Phenylmeth-
ylsulfonyl fluoride was added to all samples to a concentration
of 2 mm. Each sample was analyzed by dot blot to estimate the

total PrP content. Briefly, brain homogenates were serially

diluted (1:1) in Tris-buffered saline containing 1% Triton then
denatured in Tris-SDS sample buffer at 100 °C for 5 min. Equiv-
alent amounts of each sample were then deposited on a nitro-

cellulose membrane and left until dry. The mémbrane was -

probed with mAb 6H4 (Prionics) and a horseradish peroxidase-
labeled anti-mouse secondary antibody (Pierce). The resulting
signals were compared semi-quantitatively. These data were
used to ensure equal PrP input into each individual immuno-
precipitation (IP) reaction. For each IP reaction, the motif
grafted antibodies or control antibodies were incubated at 10
pg/ml final concentration for 2 h at room temperature in a
reaction mixture with 1% Triton. Rabblt anti-human antibodies
(Jackson) coupled to magnetic Dynabeads (Dynal) were used to
capture the PrP-specific antibodies as described (25, 26).
Immunoblot membranes were probed with mAb 6H4 and
developed using the ECL femtomolar kit (Pierce).

RESULTS

10]LL Mice Infected with 263K and GSS P102L Show Little
PrP Deposition in Brain—Brain tissue from 101LL transgenic’
mice, which showed TSE clinical signs and TSE-associated vac-

uolar pathology following inoculation with hamster 263K:
scrapie or. human GSS P102L (18, 19), was screened for PrP -

deposition by THC using anti-PrP mAb 6H4. As previously
demonstrated, 101LL/GSS- and 101LL/263K-infected mice
had low levels of PrP deposition in the brain, despite having
confirmed TSE disease. Three 101LL/263K- and two 101LL/

GSS-infected tissues, which showed extremely low PrP deposi-.

tion in the brain, were selected for further analysis by bioassay
(Fig. 1 and Table 1). In each case, PrP deposition was restricted
to the thalamus and, in most cases, was only visible as small
grainy deposits under high power microscopy (Fig. 1, F-H).
Low or undetectable levels of PrP-res in each brain homogenate
were confirmed by immunoblot followmg PK treatment of
residual inoculum (Fig. 2).

High Levels of Infectivity Can Be Measured by Bioassay of
101LL/GSS and 101LL/263K Brain Tissue—Although short

_incubation times in mice can be indicative of high levels of TSE

infectivity in an inoculum, the actual level can only be deter-
mined by establishing the D, (dilution at which 50% of the
animals become infected) for the inoculum. Infectivity titers
were therefore established for the five selected tissues: 101LL/
263K(a), 101LL/263K(b), 101LL/263K(c), 101LL/GSS(d), and
101LL/GSS(e) (Table 1). It was considered extremelyimportant
in these experiments that, as far as possible, a single brain be

;‘;2 : EE% O3
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FIGURE 1. Low levels of PrP deposition in 101LL/GSS- and 101LL/263K-infected brain. Immunohistochem-
istry was performed on sections of brain from 101LL/263K- and 101LL/GSS-infected mice using mAb 6H4 to
determine the levels of PrP deposition. ME7-infected control mouse brain was stained as control (J). Five brains’
shown in A-E (3X 101LL/263K and 2X 101LL/GSS) showing very low levels of deposition were selected for
further analysis to quantify the levels of TSE infectivity and PrP5<in each tissue. Very low levels of PP deposition
were observed in brain tissue, which varied between each individual mouse brain. Deposition was mainly
observed inthe thalamus (F-H). Thalamus of an uninfected 101LL mouse is shown for background comparison
(0. A-E and J, 4X magnification; F-/, 20X magnification. A, 101LL/263K(a); 8, 101LL/263K(b); C, 101LL/263K(c);

D, 101LL/GSS(d); E, 101LL/GSS(e); F, thalamus of 101LL/263K(a); G, thalamus of 101LL/263K(c); H, thalamus of
L IOILL/GSS(d),l thalamus of 303-day-old uninfected. 101LL mouse; and J, W/ME7 control.

" TABLE1
‘Tissaes selected for analysis

Details of clinical disease and vacuolar pathology in the five tissues selected for

“analysis. All mice showed positive clinical 2nd vacuolar signs of TSE disease and low

levels of PrP deposition.
Tissue used = Clinical Vacuolar PrP Incubation period
for titration TSE  pathology deposition™" Primary* Secondary”
’ o days + SE
101LL/263K(a) Positive Positive: + 385 109 +2
101LL/263K(b} Positive Positive +- 464 1292 .
101LL/263K(c) Positive: Positive +/- 534 262+ 4 -
- .101LL/GSS(d) Positive  Positive -+ 259 154 +3
"101LL/GSS(e)  Positive Positive +/- 252 1231
® Scoring of PrP deposition: ++ +, high; ++, medium; +, low; +/~, very small’
grainy depasits.

® Incubation time of each individual mouse on pnmary transmission of either 263K
or P102L GSS.

“Incubation time of Y01LL mice inoculated with 1% bram homogenate from each .
specific 101LL/263K- or I01LL/GSS-infccted tissue. Transmission of discasc on
subpass to 101LL siiice was 100% in each case.

3 4 5 6 7 8 9 10 11 12

FIGURE 2. Low or undetectable levels of PrP-res in 101LL/GSS-and 101LL/
263K-infected brain. Residual inocufum from the tissues selected for ID;,

“bioassay were-analyzed by immunoblot following PK treatmerit to-detect
PrP-res.Lanes 2,4,6,8, 10,and 12, digested with PK at 20 ug/mifor1 hat37°C;.
fanes'1,3,5,7,9,and 11, no PK controf; fanes 1 and 2, uninfected Wt 129/0la -

. mouse;lanes 3 and 4, 101 I.U263K(a), lanes 5:and 6, 101LL/263K(b); lanes 7 and

8, 101LL/263K(c); lanes 9-and*10, 101LL/GSS(d); and lanes .11 and 12, 101LL/
G5S(e). All samples were loaded at 10 mg/mi {(w/v) wet wesght tassue (200 ng

per lane). Blots probed with mAb.8H4.

used for each series of procedures (IDy, determination, PK

* digestion, IHC, etc.). This allowed direct correlation to be made
between the level of infectivity and PrP-res in each individual

for each titer (24), all 101LL/GSS and 101LL/263K samples pro-

- (Fig. 1). Titers in the other three tissues were similar (107 to

‘the presence of high levels of mfectmty in 101LL transgenic

Relationship between PrP*° and Infectivity

brain and avoided any variation that
may occur between tissues, as is
often observed on a primary trans-
mission. Moreover this approach
avoided the necessity of carrying out
large numbers of titration experi-
ments, which would have been both
impractical and ethically unaccept-
able. Inocula were prepared from
each individual tissue as 10% sterile
saline homogenates and used to
produce a series of 10-fold dilutions
(107% to 10~% for inoculation.
Wild-type control. 129/0la and
transgenic 101LL mouse brains .
infected with the well characterized
mouse scrapie strain ME7 (Wt/ME7 -
and 101LL/ME7, respectively) (18)

were also assayed as controls. The

seven samples were inoculated

intracerebrally into groups of 129/

Ola mice for Wt/ME7, and trans-

genic 101LL mice for all other sam--
“ ples. The percefitage of rmice’ that™
. developed TSE pathology was cal-
culated for each group in each dilution series, and the ID,, was.
determined using the Karber calculation (24). The numbers of -
infectious units per gram tissue (IU/g) for each individual =
mouse brain are shown-in Table 2. Assuming a +0.5 log error

duced titers of infectivity ranging from ~107 to 10? IU/g. The " .
highest titer (10°%) was identified in 101LL/GSS(d), howevera
titer of 1057 was also identified in 101LL/263K(a). Both of these
brains showed low levels of PrP deposition by IHC, but titers
were higher than that measured in control Wt/ME7 brain
(10%), which showed significantly more PrP deposition by IHG

107%) and confirmed a high level of infectivity in the presence of
extremely low or undetectable PrP deposition in the brain (Figs:
1 and 2). The results of the ID, determination therefore prove

002"}, 1equeneq o 00 YWHVHJ JHSISNSLIN :a‘Siq'qq!'MMM woy pepeojumog

mice infected with P102L GSS or hamister 263K.
Little or No PrP-res Is Detected in Highly Infectious Ttssue—
IHC using anti-PrP monoclonal and polyclonal antlbodles

" found little or no PrP deposition in brain tissue of 101LL/263K
. and 101LL/GSS infected mice (Fig. 1, and data not shown).

However, IHC does not distinguish between different fotms of
PrP, therefore direct measurement of brain PrP-res levels was
undertaken to determine the amount of PrP-res associated with

‘titer of infectivity in each brain, listed in Tableé 1. Residual inoc-
‘ulum from each bioassay was mixed with detergent buffer and
“digested with PK (Fig. 2), and a 2-fold serial dilution from 1
“mg/ml to 3.9 pg/ml (wet weight brain tissue) was analyzed by
-~ immunoblotting with mAb 8H4 (27). Recombinant PrP was

loaded on each gel at 50 ng as an internal control. For the ME7-
infected tissues, the limit of PrP-res detection was 15.6 pg/ml
for Wt/ME7 homogenate and 31.3 pg/ml for 101LL/ME7
homogenate. Hence the same agent produced ~2-fold less PrP-
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TABLE 2 .
Comparison of titer of infectivity and PrP-res level

PrP-res tevels, quantified relative to recombinant PrP from digital immunoblot
images, and infectivity titer, measured by 1D, bioassay. Detection limit of the
immunoblat system was estimated to be equivalent to 25 ug of PrP-res/g wet weight
brain.

Model PrP-res PrP-res Titer”
%4 tissue” % of ME7 IL/g tissue
Wt/ME7 1994 100 10%*
101LL/ME7 1040 52 107
101LL/263K(a) 498 25 10%7
101LL/263K(b) <25 <13 1072
101LL/263K(c) <25 <13 107%
101LL/GSS(d) <25 <13 107
101LL/GSS(e) <25 <1.3 1072

“ Titer of infectivity per gram of brain tissue as calculated from 1D, bioassay in mice
using the Karber calculation.

 The actual amount of PrP-res quantified from the blots {0.5-2 mg/g) is higher than
would be predicted for mouse tissue and may reflect the use of recombinant PrP
for calibration, because this does not possess any post-translational modifica-
tions and may therefore display altered antibody affinity. However, this inter-
nal control acts to narmalize each blot and, therefore, ensures that the relative
praportions of PrP-res between each model are real, despite possible errorsin
the absolute quantification.

res in the 101LL transgenic mice compared with wild-type
mice, although this was associated with a 0.7 log drop in titer
(Table 2). In 101LL/263K(a) the limit of PrP-res detection was
62.5 pg/ml brain homogenate, which was approximately half

~~the level in T01LE/ME7 and one quarter the levelin Wt/ME7. -

For all other samples, no PrP-res was detectable in even the

“most concentrated (1 mg/ml) sample examined (Table 2, Fig. 2,
- and supplemental Fig. S14). Digital imaging of immunoblots

and quantitation of PrP-res relative to recombinant PrP control
allowed the calculation of PrP%¢ concentration (mean PrP-res

fo grams per gram wet weight of tissue) in each sample (Table 2).

The level of sensitivity for the immunoblot, determined using
recombinant PrP, was 5-10 ng, therefore the level of PrP-res in
samples t:hat showed no PK-resistant material must be below
this threshold. Previous studies have shown that PrP-res from
other well characterized rodent scrapie strains with titers rang-
ing from 10° to 107 can be easily identified on immunoblot of
1% brain homogenate following PK treatment (supplemental
Fig. S1B). These data would suggest that tissue containing titers
of 107 to 10° IU/g should contain levels of PrP-res, which can be
easily identified by immunoblot. However, for 101LL/GSS- and
101LL/263K-infected tissue this was clearly not the case.
Although we cannot eliminate the possibility that PrP-res was

indeed present below the threshold level of the immunoblot, a

poor correlation between the level of infectivity and the amount’
of PrP-res in the brain is nevertheless clearly established. To
confirm that the failure to detect PrP-res on these immunoblots
was not simply a consequence of the loss of the monoclonal
antibody epitope (8H4) duplicate blots were also probed with a

- second monoclonal antibody (7A12) and a polyclonal antibody

(1B3), which detects multiple epitopes in PrP. These results
confirmed the low PrP-res levels in 101LL/GSS and 101LL/
-263K tissues {data not shown). Although the combination of
monoclonal and polyclonal antibodies used to examine these
tissues makes it unlikely that a form of PrP-res exists that has
not been detected in our immunoassays, this possibility has not
been totally excluded and we continue to investigate these tis-
sues with new antibodies.
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FIGURE 3. PK resistance of PrP in 101LL/GSS and 101 LL/263K brain tissue.
Brain homogenates in Nonidet P-40-lysis buffer were digested with varying

concentrations of proteinase K-at 37 °C for 1 h. Samples were subjected to.
SDS-PAGE and immunoblotting to determine the PK sensitivity of the PrP-

present in 101LL/GSS and 101LL/263K tissue. Representative images show:

A, uninfected 101LL control mouse brain; B, uninfected Wt 129/01a control -

mouse brain; C, 101LL/263K(b) mouse brain; and D, 101LL/263K(a} mouse
brain. The PK concentration used for digestion is shown above each lane
(micrograms/ml). Blots were probed with mAb 8H4. Bars indicate molecular
mass markers of 36 and 30 kDa.

Are Alternative Forms of PrP Associated with Infectivity?—

- Although PrP-res was present at low or undetectable levels in _ .

tissues from 101LL/GSS- and 101LL/263K-infected mice, it
is possible that forms of PrP other than PrP-res may be infec-
tious (28). Alternative forms of PrP such as transmembrane
PrP (29, 30), cytoplasmic PrP (31, 32), and PrP with amino
acid insertions or deletions (33-36) have been linked with
disease. In addition, a PK-sensitive variant of PrP®¢, sPrps,
has been recently described (20-22) that may represent an
intermediate in the refolding of PrP€ to PrP*¢ during the
disease process and could therefore be associated with infec-
tivity. To test whether sPrP%¢ may account for the dissocia-
tion between PrP-res and infectivity in 101LL/263K and
101LL/GSS tissues we examined the protease resistance of
PrP in such brains by digesting with a range of PK concen-
trations from 1 pg/ml to 20 pg/ml. Homogenates from
Wt/ME7, 101LL/ME7, and uninfected 101LL and 129/Ola
mice were also treated with varying PK concentrations as
controls. Digestion was stopped bythe addition of phenyl-
methylsulfonyl fluoride to 1 mm, and samples were analyzed
by'immunoblot (Fig. 3). In the positive controls (Wt/ME7
and 101LL/ME7) PrP-res was evident in all dilutions, with
the PK-resistant core still visible*after treatment with 20
pg/ml PK (data not shown). PrP in the uninfected controls
was found to be sensitive to- PK concentrations >5 pg/ml,
and produced mildly PK-resistant fragments at PK concen-
trations of 2—-5 pug/ml under the digestion conditions used
here (Fig. 3). PrP in the 263K-infected 101LL brains showed
variable PK resistance, in agreement with the level of PrP-res

“detectable in each homogghate. Thus, 101LL/263K(a)

showed PrP-res at 20 pg/ml, but 101LL/263K(b) and -(c)
showed a similar pattern of PK resistance to uninfected mice
(Fig. 3). In addition, samples from both 101LL/GSS(d) and
.101LL/GSS(e) showed a PK-sensitivity pattern identical to
that of uninfected 101LL mice (data not shown).

1173708
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FIGURE 4. Cold PK treatment of tissues from high titer/low PrP-res mod-
els. 101LL/GSS and 101LL/263K tissues taken from the same transimission
experiments as those shown in Table 1-were subjected to cold PK digestion
on ice. Uninfected and Wt/ME7-infected brains were also digested as con-
trols. Lane 1, undigested 101LL/GSS brain homogenate; fane 2, 101LL/
263K(g); lane 3, 101LL/GSS(f); lane 4, 101LL uninfected control; lane 5, Wt129/

Ola uninfected control; lane 6, W/ME7 infected control. Lanes 2-6 were”

treated with 250 pg/mi PK on ice for 1 h and de-glycosylated with peptide

N-glycosidase F. ME7 control was loaded at ~25% of the concentration of -

- lanes 2-5-to-allow comparison. The-blot was-probed with-mAb 7A12:-The
image has been cropped from asingle blot toremove lanes with samples that
are not relevant to this figure. :

The presence of sPrP5< in brain tissue has also been demon-
strated by performing cold PK digestion, i.e. PK digestion on ice

" (21, 22). sPrPS° has been previously identified in samples that

" showed no PiP-res (using standard digestion conditions of 20

‘I ug/ml for 1 h at 37 °C) by the presence of a 22-kDa band on
“ immunoblot after digestion with PK on ice and subsequent de- .

glycosylation with peptide N-glycosidase F (21, 22). Although
we aimed to perform all procedures on each individual mouse
- brain, the limited tissue’size meant this was not possible for the
cold PK analyses carried out here. However, cold PK digestion
was performed on brain tissue taken from mice showing posi-

tive clinical and vacuolar signs of TSE, but low levels:of PrP.
deposition in the same primary transmission experiments as .
those listed in Table 2 (details in supplemental Fig. S2and Table -

- §1). These tissues failed to demonstrate any marked increase in
the 22-kDa PK-resistant PrP band after cold PK digestion (Fig,
4, lanes 2 and 3). When compared with the-ME7 control (Fig. 4,
lane 6,10aded at 25% concentration of lanes 2--5), ﬂie'alowl'evels
of PrP apparent in lanes 2 and 3 after digestion with-PK on ice
demonstrate that sPrP>° cannot account for the high titer of
. infectivity in the 101LL/263K and 101LL/GSS models:
Although PrP5<is generally defined by its partial resistance to
PK digestion, it can also be identified using immunoassays that

exploit the differential binding of anti-PrP antibodies to PrpS<’.

in the native and denatured state. Epitopes that are hidden in
the native PrP% conformation become exposed on denatur-

 ation in increasing concentrations of guanidine hydrochloride,

- leading to an increase in antlbody binding. This observation is

the basis of the CDI, where levels of PrP¢ are calculated by
measuring the ratio of the denatured to native signal (d/n ratio)
in a sandwich ELISA (20, 37, 38). An increase in d/n ratio indi-

cates the presence of PrP5¢, which produces the increased sig-
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FIGURE 5. CD1 analysis of 101LL/GSS and 101L1L/263K brain homogenate,
Samples of 101LL/GSS brain homogenate, 101LL/263K homogenate, and

- uninfected or ME7-infected controls were analyzed for the presence of PrPS<

using a CDL. Samples were precipitated with sodium phosphotungstate, and
pellets were resuspended in either distilled water or 4 M guanidinium-HCI to
provide native and denatured samples. These were analyzed in a sandwich
ELISA using mAb FH11 as capture and mAb 7A12 as detector. Ratio of dena-
tured to native (d/n) signal plotted to show presence of PrP5. Sample 1,

101LL/GSS(j);.sample 2, 101LL/GSS(K); sample 3, 101 LL/263K(m) sample 4,

101LL/263K(n); sample 5, 101LL/MET7; and sample 6, uninfected 101LL mouse.

All samples -were assayed in duplicate. Dotted line indicates cut-off value,
which was calculated as the d/n ratio of the uninfected 101LL plus 10%.

:nal obtained on denaturation of the sample: Because thisassay*
does not use PK digestion to identify abnormal PrP, it canalso.
be used to identify sPrP5<. To confirm the absence of large
amounts of PrP-res or sPrP>¢in thie modelsdescribed here, CD1:

- -analysis was- performed on -tissues-from 101LL/GSS: and-
101LL/263K-infected mice. Tissue from animals detailed in.
“Table 1 was not analyzed due to limited sample availability, but -«
analysis was performed on tissues from 101LL/GSS- and
101LL/263K-infected mice with confirmed clinical and patho- -

logical TSE disease, but little or no PrPS¢ in the brain (supple-

mental Fig. 53 and Table S1). The d/n ratios obtained for all four
infected animals ranged from 0.73 to 2.39, which were similar to

.or lower than the uninfected 101LL control (d/n ratio. of 2.01).
The 101LL/ME? control gave a d/n ratio of 9.8 (Fig. 5). These
. data confirm the limited PK digestion studies, proving that no . .

PrP*¢-like conformers are present in 101LL/GSS- and 101LL/

263K-infected tissues that could account for the observed titers-

of infectivity. - :
Immunoprecxp;tation Using PrPs‘-specz_'ﬁc Monoclonal
Antibodies—Several mAbs have been generated that specifi-

-cally bind PrP5¢ isoforms, but not PrP<. These antibodies can
therefore isolate PrP° from non-PK-treated tissue homoge-- .
nates by immunoprecipitation, ensuring that all abnormal PrP .

_isoforms are identified: This technique has been used by others

to demonstrate the presence of sPrP*° in the brains of mice

overexpressing 101L-PrP (22). Here, PrPSC specxﬁc motif-
_grafted mAbs 89112 and 136158 (25) were used to immu-
\n0prectp|tate PrP from brain tissie homogenates of 101LL/
“GSS- and 101LL/263K-infected mice. Tissues analyzed were

taken from mice showing positive clinical and vacuolar signs of
TSE butlow levels of PrP deposition i in the same primary trans-
mission experiments as those used to determine titer of infec-
tivity in each model (details in supplemental Fig. 2 and Table
S1). Positive control mAb D13 (which precipitates only the cel-

lular form of PrP) and negative control mAb b12 were also ‘
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FIGURE 6. Immunoprecipitation using PrP*-specific monoclonal anti-
bodies. 101LL/GSS and 101LL/263K tissues taken from the same transmission
experiments as those shown in Table 1 were subjected to IP using PrP*-
specific mAbs 89-112 and 136-158 to determine whether forms of PP,
which were sensitive to PK, were present in these tissues. mAb D13, which
precipitates only cellular PrP, and mAb b12, which recognizes the HIV gp120
antigen, were used as IP controls. In A: fanes 1-5, 101LL/GSS5(h); lanes 6-10,
uninfected 101LL;in B: lanes 1-5, 101LL/263K(i); lanes 6 10, uninfected 101LL;

- in G RML scrapie Wt control. Lanes 1 and 6, crude brain homogenate; lanes 2
_ang 7, 1P with mAb D13 (pasitive control antibody): lanes 3and 8, 1P with mAb

b12 (negative control antibody); lanes 4 and 9, IP with mAb 89-112; fanes 5
and 10, IP with mAb 136-158.

included in all experiments. For all 101LL/GSS and 101LL/

263K tissues examined, extremely low levels of PrP° were

immunoprecipitated by both PrP%“-specific antibodies (Fxg 6).
These levels were estimated by immunoblot to be 100- to 1000-

- fold .less than those precipitated from control RML-infected

mouse brain. Results from these immunoprecipitations there-
fore support our previous biochemical data, which show no
evidence of PK-sensitive forms of PrP>¢ in brain tissue from

. 101LL/GSS- and 101LL/263K-infected mice.

DISCUSSION

PrP5¢ is thought to be the sole component of the prion, or
TSE infectious agent. For this reason it has become the main
target for TSE diagnostic assays, where identification of PrP*in
post-mortem brain tissue indicates a TSE-positive animal.
However the relationship between PrP5¢ and TSE infectivity
has not been definitively demonstrated, and concerns have
been raised by earlier reports of disease transmission in' the
apparent absence of PrP-res (16, 18). In particular, 101LL gene-
targeted transgenic mice inoculated with GSS P102L or 263K
succumb to a disease, which is highly transmissible to both
101LL and wild-type mice but shows extremely low levels of
PrP-res in the brain. Extended analyses of this model (described
here) have now used quantitative assays to unequivocally dem-
onstrate that titers of 107 to 10° IU/g can be present in brain

~ tissue, which shows little or no abnormal PrP accumulation by

standard immunoblot analysis, IHC, CDJ, or immunoprecipi-
tation. These titers are similar to or higher than those observed

- in our well characterized, high titer control strain ME7, but for

4 of 5 brains analyzed, PrP-res levels were below the limit of
detection of our immunoblot assay (<1.3% of the amount of

35884 JOURNAL OF BIOLOGICAL CHEMISTRY

259

PrP-res in wild-type ME7 tissue). Previous studies have shown
that PrP-res from other well characterized rodent scrapie
strains with titers ranging from 10°* to 10° can be easily iden-
tified on immunoblot of 1% brain homogenate following PK
treatment. Based on these previous data, it would be predicted
that the tissues studied here should contain titers far below 10°
[U/g tissue. However the transmission data clearly show that
101LL/GSS- and 101LL/263K-infected tissues contained high
titers of infectivity, which exceed those measured in both 79V-
and 22A-infected tissue (supplemental Fig. S1B). These data
suggest that current diagnostic assay systems that rely on PrP3¢
detection might fail to identify some highly infectious tissues.
To this end, tissues from 101LL/GSS- and 101LL/263K-in-
fected mice are currently being assessed in several of these assay
systems in our laboratory.

Several independent studies have previously shown that one
TSE infectious unit is composed of ~10° PrP*  molecules (2, 14,
15). In contrast to these studies the data obtained from 101LL/

GSS- and 101LL/263K-infected tissues indicate that the num- -

ber of PrP5 molecules per unit of infectivity must display a wide
range, with 101LL/GSS and 101LL/263K tissues showing
between 10 to 1000 times fewer PrP-res molecules per unit
infectivity than Wt/ME7. Alternatively, these data could indi-
cate that only a very small proportion of PrP5 present in TSE-

infected tissue'is actually infectious. This lack of correlation” ~

between levels of PrP-res and infectivity does not support PrP-
res as the infectious agent of TSE.

Because PrP-res does not appear to be a major component
of infectivity in this study, it is possible that another form of
PrP is responsible for disease in these mice. We have shown
previously that 101LL mice can form PrP-res when inocu-
lated with other rodent TSE strains (39); therefore, the lack

of PrP*¢ in these models is not due to an inherent inability of

101L-PrP to convert to a protease-resistant isoform. In"con-
trast to the gene-targeted transgenic 101LL mice described
here, transgenic mice, which overexpress 101L-PrP at levels
8- to 16-fold higher than endogenous PrP, developa sponta-
neous neurological disease that appears to be associated with
a PK-sensitive form of PrP>¢ (21, 22). We have found no
evidence of sPrP5¢in 101LL/GSS or 101LL/263K brain tissue
by either limited PK digestion studies or CDI analysis. Addi-
tionally, motif-grafted mAbs 89~112 and 136158, which
specifically bind PrP>¢, did not immunoprecipitate PK-sen-
sitive forms of PrP5 from 101LL/GSS or 101LL/263K brain
tissue, even though these mAbs have been shown to immu-
noprecipitate abnormal PK-sensitive PrP5¢ from 101L-over-
expressing transgenic mice.® One possible reason for this dis-
crepancy between models is that disease in 101LL/GSS and
101LL/263K mice is due to a TSE infection, which has been
transmitted from a known infected source, and can be further
passaged to both 101LL and wild-type 129/Ola mice (18, 19). In
contrast the disease observed in transgenic mice overex-
pressing 101L PrP does not transmit to wild-type mice and
only appears to accelerate the phenotype already present in
mice expressing lower levels of the transgene (17, 22). This

© A. Bellon and R.A. Williamson, unpublished data.
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suggests that sPrP> may instead be associated with overex-
pression or misfolding of 101L-PrP and not TSE. The species
of abnormal PrP produced due to overexpression of 101L-
PrP is therefore different from that produced by TSE infec-
tion. The nature of the infectious agent in the current study
has yet to be established. We now aim to use this unique
model to determine whether infectivity in these tissues is
consistent with other abnormal conformations of PrP or
with factors other than PrP.

The models of disease described herein demonstrate the

potential for the existence of high levels of TSE infectivity

with undetectable PrP-res

in natural disease. Indeed,

increased surveillance and sensitivity of testing methods has
identified a new TSE of sheep, termed atypical scrapie. These
animals were identified as TSE infected by one PrP5<-specific
diagnostic ELISA, but could not be confirmed by other
methods (40, 41). Such cases are now only identifiable using
assays that require low concentrations of PK, or no PK, in the
assay procedure. It is'unknown whether this is truly a new
TSE of sheep, or whether it has been present in sheep for
some time (42) but was not detected due to the reduced PK
resistance of PrP><. However, the disease has been shown to
be highly transmissible to transgeni¢ mice expressing ovine

- PrP (43), -indicating-the presence of substantial levels of - -

infectivity. The results of our study raise concern over the
suitability of PrP*° as a sole diagnostic marker of TSE dis-
ease. It is vital that markers of TSE infectivity other than

" PrPS are identified and validated in models such as those we

have described and characterized here. We anticipate that

such research will lead to the development of more robust

diagnostic assays for TSE disease, which will have important
implications for both animal and human health.
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Bovine spongiform encephalopathy (BSE), the prion disease in cattle, was widely believed to be caused by
only one strain, BSE-C. BSE-C causes the fatal prion disease named new variant Creutzfeldt-Jacob disease in
humans. Two atypical BSE strains, bovine amyloidotic spongiform encephalopathy (BASE, also named BSE-L)
and BSE-H, have been discovered in several countries since 2004; their transmissibility and phenotypes in
humans are unknown. We investigated the infectivity and human phenotype of BASE strains by inoculating
transgenic (Tg) mice expressing the human prion protein with brain homogenates from two BASE strain-
infected cattle. Sixty percent of the inoculated Tg mice became infected after 20 to 22 months of incubation, a
transmission rate higher than those reported for BSE-C. A quarter of BASE strain-infected Tg mice, but none
of the Tg mice infected with prions causing a sporadic human prion disease, showed the presence of pathogenic
prion protein isoforms in the spleen, indicating that the BASE prion is intrinsically lymphetropic. The
pathological prion protein isoforms in BASE strain-infected humanized Tg mouse brains are different from
those from the original cattle BASE or sporadic human prion disease. Minimal brain spongiosis and long
incubation times are observed for the BASE strain-infected Tg mice. These results suggest that in humans, the

BASE strain is a more virulent BSE strain and likely lymphotropic.

Overwhelming evidence indicates that bovine spongiform
encephalopathy (BSE), a prion disease that has been detected
in several hundred thousand cattle in the United Kingdom and
many other countries since the 1980s, has been transmitted to
humans through the consumption of prion-contaminated beef,
causing a prion disecase named variant Creutzfeldt-Jakob dis-

ease (vCID) (5, 19, 24). Over 200 cases of vCID have been .

reported around the world (19). In 2004, two types of bovine
prion disease that differ from the original BSE, now named
classical BSE (BSE-C), were reported (3, 8). The two atypical
BSE types were associated with prion protein (PrP) scrapie
isoforms (PrPS<) that after protease digestion, displayed dis-
tinct electrophoretic mobility or ratios of the PrPS° glycoforms
different from those of BSE-C (3, 8). Currently, a total of at
least 36 cases of these two atypical BSE types have been re-
ported for cattle older than 8 years (5; M. Caramelli, unpub-
lished data). The two atypical BSE types are identified as
BSE-H and bovine amyloidotic spongiform encephalopathy
(BASE, also named BSE-L); the “L” and “H” identify the
higher and lower electrophoretic positions, respectively, of
- their protease-resistant PrP>® isoforms (7). The bovine pheno-
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type and the PrPS¢ molecular features of BASE have previ-

ously been described in detail (8). The histopathology of BASE )

and the PrP immunostaining pattern of BASE strains are char-
acterized by the presence of prion amyloid plaques and a more
rostral distribution of the PrP5¢, which at variance with BSE-C
is present in the cerebral cortex, including the hippocampus,
but is underrepresented in the brain stem (8). These pheno-
typic features and PrP>° characteristics resemble a subtype of
sporadic Creutzfeldt-Jakob disease (sCJD) named sCIDMV2,
which affects subjects who are methionine (M)/valine (V) het-
erozygous at codon 129 of the PrP gene, and it is associated

with PrPS° identified as type 2 (15). This s;mlla.nty has raised

the question of whether sCJDMV2 is not sporadic but ac-
quired from the consumption of BASE strain-contaminated
meat (5, 8). To begin to investigate the tradsmissibility to
humans and the “human” disease phenotype of BASE, includ-
ing the involvement of the lymphoreticular system, we have
inaculated brain homogenates from BASE-affected cattle to
transgenic (Tg) mice expressing normal human PrP with Met
at codon 129 (HuPrP-129M) in a mouse PrP-ablated back-
ground [Tg(HuPrP)] (13). The inoculated Tg mice were exam-
ined for attack rates and the disease phenotype, including the
presence and characteristics of protease-resistant PrP* in the
brain and spleen and the histopathology, along with the PrPS°
topography and pattern of deposition in the brain.

MATERIALS AND METHODS

‘Transgenic mice. Transgenic mice expressing human PrP-129M [Tg(HuPrP)}
were reported previously (13). The Tgd0 line that expresses human PrP-129M at
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the wild-type level in the mouse PrP-ablated background was used in this study.
{ntracerebral (i.c.) inoculation of Tg mice and the monitoring of symptoms were
performed as described previously (13). The mice were sacrificed 2 or 3 days
after the appearance of symptoms or at death, and the brains and spleens were
taken. The brains were sliced sagittally, with half frozen for immunochemical
studies and the other half cither fixed in formalin for histological and immuno-
histochemical staining or frozen for histoblot analysis (see below). Total PrP as
well as proteinase K (PK)-tesistant PrP>° was determined by immunoblotting in
sodium dodecyl sulfate (SDS)-polyacrylamide gels as described below. This study
was conducted with approvals from the Institutional Review Board and the
Institutional Animal Care and Use Committee.

immunoblotting, histology, histoblotting, and immunohistochemistry. Frozen
brain or spleen tissues were homogenized in 2 volumes of cold phosphate-
buffered saline to obtain 33% (wt/vol) crude homogenate for storage in aliquots
at —80°C. The frozen 33% crude homogenate was thawed at 4°C for 2 b and
diluted to 10% (wt/vol) with the lysis buffer (final concentration, 100 mM Tris, 10
mM EDTA, 100 mM NaCli, 05% sodium deoxycholate, 1.0% NP-40, pH 8.0).
After incubation at room temperature for 15 min, the 10% homogenate was
subjected to sonication with the Ultrasonic Dismembrator 100 (Fisher Scientific)
for 3 min. The sonicated 10% homogenate was treated with 100 pg/mi PK
(Rache Diagnostics GmbH, Mannheim, Germany) for 30 min at 37°C and
denatured by being boiled at 100°C for 10 min after being mixed with an equal

% volume of 2x sample buffer (200 mM Tris-HCl, pH 6.8, 2% SDS, 40% glycerol,

* 0.04% Coomassic blue G-250, 2% B-mercaptoethanol). The enrichment of PrPSc

by precipitation with sodium phosphotungstate (NaPTA) was performed virtu-
ally as previously reported (18), and special care and efforts were taken to ensure
that the pellets were completely resuspended each time. Proteins were separated
by precast 10 to 20% gradient Tris-Tricine gel (Bio-Rad), transferred to a
polyvinylidene difluoride membrane, and subjected to Western blot analysis with
monocional antibody (MAb) 8H4, 6H4, or 3F4 in conjunction with horseradish
peroxidase-conjugated sheep anti-mouse immunoglobulin G Fe antibody (GE
Healthcare, Buckinghamshire, United Kingdom) as described previously (13).
The blots were developed with the ECL Western blotting detection reagent (GE
Healthcare Amersham, Buckinghamshire, United Kingdom) and exposed to
X-ray films. The blots were digitized by scanning the film. To detcrmine the
precise molecular weights of the bands, the digitized blots were analyzed by
image acquisition and analysis software (UVP, Upland, CA) that automatically
detects the midpoint of the band and calculates the molecular weight based on
the sizes: of the unglycosylated PK-resistant PrP fragments of sCJDMM1 and
sCIDMM?2; the values were statistically analyzed by Matlab 7.0 software (Math-
Works, Natick, MA). To determine the glycoform ratios of PK-resistant PrPS¢
fragments, each PrP band on the digitized blots was quantified with UN-
SCAN-IT software (Sitk Scicatific, Orem, UT); the values from duplicate blots
were analyzed with Excel software to calculate the averages and standard devi-
ations and to create the column chart.

Histological staining with hematoxylin and eosin (H&E) and immunohisto-
chemical staining with 3F4 were performed as reported previously (13). Histo-
blot analysis was performed mostly as described previously (20), with the follow-
ing modifications: the cryosections were 12 pm thick, and the sections were
treated with 100 wg/ml of proteinase K for 4 h at 37°C, incubated with mono-
clonal antibody 3F4 (1:10,000 dilution) overnight at 4°C, followed by incubation
with alkaline phosphatase-conjugated goat anti-mouse secondary antibody (1:
500; DAKO), and developed with BCIP (5-bromo-4-chloro-3-indolylphosphate)-
nitroblue tetrazolium solutions (Sigma).

RESULTS

To assess the transmissibility of BASE in humans, two
BASE isolates (8) were used to intracerebrally inoculate 30
Tg40 mice that express normal levels of human PrP-129M.
More than half of the inoculated mice (18/30) became infected,
as determined by the presence of protease-resistant PrP5, with
average incubation times of 649 *+ 34 days for BASE isolate 1
and 595 * 28 days for BASE isolate 2, respectively (Table 1).
Ten of the 18 infected mice that could be examined showed
clear clinical signs of disease (Table 1), including hunched
backs, ruffled fur, lethargy, occasional wobbling, and rigid tails.
These signs were best detected in the younger mice, because in
mice older than 24 months, the signs became difficult to dis-
tinguish from aging-related changes. )
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TABLE 1. BASE transmission in Tg(HuPrP) mice

Attack rate as determined by:

Incubation time

Inoculum Clinical  Presence of Spongiform (days)
signs PrpS* degeneration
BASE-1 4/15 9/15 1 (focal)/8 649 = 34
BASE-2 6/15 9/15 1 (focal)/11 595 + 28
sCIDMM1 10/10 9/10 4/4 263 * 137
sCIDMM?2 9/9 9/9 17 267 = 17

“ Reported previously (13).

All the Tg40 mice were examined for the presence of PK-
resistant PrP%¢ in the brain by immunoblot analysis both di-
rectly and after enrichment with NaPTA precipitation. Such
immunoblot analysis with three monoclonal antibodies (3F4,
6H4, and 8H4) to various PrP regions (12, 14, 25) showed that
all 18 BASE strain-infected Tg40 mice accumulated compara-
ble amounts of PK-resistant PrP*° in the brain (Fig. 1A, Table
1, and data not shown). The electrophoretic mobility of PK-
resistant PrPS¢ fragments from all the BASE strain-infected
Tg40 mice was indistinguishable from that of the PK-resistant
PrP5¢ present in either the BASE strain inoculum or
sCJDMM2, which contains type 2 PrPS® (Fig. 1A). The PK-
resistant PrP5° fragments associated with both the BASE
strain-infected Tg40 mice and the BASE isolates migrated
slightly faster than those of BSE-C as originally reported (8).
Measurements with software that automatically calculates the
midpoint of the bands revealed a difference of 0.29 * 0.12 kDa
in gel mobility between the unglycosylated PK-resistant PrPS¢
bands of the BASE strain (native as well as from the Tgd0
mice) and BSE-C.

The glycoform ratio of PrP> in isolates from the BASE strain-
infected Tg40 mice was slightly different from that of the BASE
isolates (Fig. 1B), and both were quite different from that of
BSE-C (Fig. 1B). The monoglycosylated form was the most prom-
inent species in the BASE strain inocula, where the glycoform
ratio (diglycosylated-to-monoglycosylated-to-unglycosylated) is
32:41:27, whereas the diglycosylated form was slightly more in-
tense than the monoglycosylated form in BASE strain-infected
Tg40 mice, where the glycoform ratio is 44:39:17 (Fig. 1B). In
contrast, the diglycosylated form accounted for over 70% of the
total PrPS° in BSE-C (glycoform ratio of 72:20:8).

PrP5° in the spleen was also examined after NaPTA enrich-
ment for all 30 BASE strain-inoculated Tg40 mice. PK-resis-
tant PrP5¢ was readily detected in the spleens of four mice (Fig.
1C), all of which also contained PK-resistant PrP5¢ in the brain.
The electrophoretic mobility of the spleen PrP5° was similar to
that of the brain PrP>. The glycoform ratio of the spleen PrPS
was different from that of the brain and was characterized by the
prominence of the monoglycosylated and unglycosylated forms
(Fig. 1C), but the glycoform ratio may have been affected by the
NaPTA enrichment. In contrast, none of the nine Tgd0 mice
inoculated with sSCJDMM1 had detectable PK-resistant PrP> in
the spleen after NaPTA enrichment (data not shown).

None of the 12 BASE strain-infected Tg40 mice examined
showed prominent and consistent histopathological changes
related to prion diseases (Fig. 2A). Focal, ambiguous spongi-
form degeneration was observed for two mice. No PrP amyloid
plaques were observed in BASE strain-infected Tg40 mice.
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FIG. 1. Immunoblots and glycoform ratios of PK-resistant PrP5¢
from sCJD-affected, BASE strain-infected Tg(HuPzP) mice, the BASE
strain inocula, and BSE-C and of PK-resistant PrP> from the spleens
of BASE strain-infected Tg(HuPrP) mice. (A) Immunoblot of PK-
resistant PrP* in the brain. Lanes 1 and 2, type 1 (sCJDMM1) (T1)
and type 2 (sCJDMM?2) (T2) sCID, respectively; lanes 3 to 6, Tg(Hu-
PrP) (Tg40) mice infected with BASE isolate 1 inoculum; lanes 7 to 8,
Tg40 mice infected with BASE isolate 2 inoculum; lane 9, BASE
isolate 1; lane 10, BASE isolate 2; lanes 11 and 12, two BSE-C isolates.
All brain homogenates were treated with 100 wg/ml of PK for 30 min
at 37°C and processed for immunoblot analysis with MAb 8H4. Five
microliters of 10% brain homogenate was loaded for lanes 3 to 10.
(B) Glycoform ratios of PK-resistant PrP*° in the brain. The upper
(diglycosylated) (blue), middle (mostly monoglycosylated) (red), and
lower (unglycosylated) (yellow) bands of PK-resistant PrPS¢ from
BASE strain-infected Tg40 mice, the BASE strain, and BSE-C were
quantified after optical scanning of duplicate immunoblots for panel A.
Error bars indicate standard deviations. (C) PK-resistant PrP> in the
spleen. Ten milligrams of spleen tissue each from two of the BASE
strain-infected Tg(HuPrP) (Tg40) mice (#1 and #2) was homoge-
nized, PrP% enriched by NaPTA precipitation, and either treated (+)
or not treated (—) with 100 pg/ml of PK for 30 min at 37°C, followed
by electrophoresis in a 10 to 20% Tris-Tricine SDS-polyacrylamide
gradient gel and immunoblot analysis with MAb 8H4.

Histoblot analysis with MAb 3F4 showed a very distinct and
selective distribution of PrP5¢ (Fig. 3A to D). Particular nuclei
or groups of adjacent periventricular nuclei in the thalamus,
hypothalamus, and brain stem were intensely immunostained
for PrP%° (Fig. 3B to D). In contrast, PrPS® appeared to be
overall less intense in the cerebral and cerebellar cortices (Fig.

3A to D). Immunohistochemical staining of paraffin-embed-
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FIG. 2. Histopathology (with H&E) of BASE strain-infected and
sCIDMMl-infected Tg(HuPrP) mice. (A) No consistent pathology was
detected in the cerebral cortex as well as subcortical brain regions of
symptomatic and immunoblot-positive BASE strain-infected Tg(HuPrP)
(Tg40) mice. (B) In contrast, Tg40 mice inoculated with sSCJDMM!1 brain
homogenate showed widespread spongiform degeneration.

ded brain tissue with 3F4 revealed PrP deposits in 5 of the 11
BASE strain-infected Tg40 mice examined. PrP¢ deposits that
stained intensely in the histoblots consisted of relatively large
and well-circumscribed granules (Fig. 3E and G). Fine granu-
lar or small plaque-like aggregate patterns. were occasionally
seen in inferior regions of the cerebral cortex and in the thal-
amus (Fig. 31 and data not shown). In contrast, widespread,
mostly fine-granular staining was detected in the cerebral cor-
tex of symptomatic Tgd0 mice inoculated with sCJIDMM1
brain homogenate (Fig. 3J).

The histopathological features of the BASE strain-inoculated
Tg40 mice were quite different from those observed following
inoculation with brain homogenates from the two forms of sCID,
sCIDMM1 and sCIDMM2. The sCIDMMI-inoculated Tg40
mice had widespread spongiform degeneration in the cerebrum
(Fig. 2B) and moderate apoptosis of neuronal cells without spon-
giform degeneration in the cerebellum (13). Widespread spongi-
form degeneration was also seen in Tgd0 mice inoculated with
sCIDMM?2 brain homogenate (data not shown).

DISCUSSION

We have shown that 60% of our Tg40 mice (in an inbred
FVB background) that express normal levels of human PrP-
129M became infected 20 to 22 months after i.c. inoculation
with 0.3 mg of braio tissue from the two BASE isolates, sug-
gesting a titer of approximately 3 50% infective dose units per
milligram of brain tissue in the Tg40 line. An approximately
20% attack rate has been reported for the Tg650 line (in a
mixed 129/Sv X C57BL/6 background) after i.c. inoculation
with 2 mg brain tissues from BSE-C-infected cattle (2). It is
noteworthy that the Tg650 mice express human PrP-129M at
five to eight times the normal level, and high PrP levels are
known to increase prion transmissibility (9, 17, 22). Ineflicient
BSE-C transmissions (0 to 30%) in Tg mouse lines of other
genetic backgrounds expressing human PrP-129M at one or
two times the normal level have also been reported by different
groups (1, 4). Although it is difficult to compare results from
different mouse lines, these findings suggest that the BASE
strain has higher transmissibility than BSE-C does for human-
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FIG. 3. Histoblot analysis and immunohistochemis
analysis revealed preferential immunostaining of the Pr

ized Tg mice with PrP-129M and possibly for humans with
PrP-129MM. The BASE strain also appears to be more viru-
lent than BSE-C in bovinized Tg mice, since the incubation
time for the BASE strain is 185 + 12 days, whereas that for
BSE-C is 230 * 7 days (7). Nevertheless, compared with the
100% attack rate and incubation times of ~9 months for
sCIDMM1 and sCJDMM?2 in the Tg40 line (Table 1), the 60%
attack rate and unusually long incubation times (20 to 22
months) for the BASE strain in the same Tg line suggest that
the transmission barrier from the BASE strain to humans with
PrP-129MM is still quite significant.

PK-resistant PrP>° was also detected in the spleen in 4 out of
18 BASE strain-infected Tg40 mice. In contrast, no spleen
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of BASE strain-infected and sCJDMM1-infected Tg(HuPrP) mice. (A to D) The histoblot
in the dorsal thalamic nuclei (arrows in panel B), along with hypothalamic nuclei (arrowhead)
and brain stem nuclei (arrows in panels C and D), while PrP> in the cerebral and cerebellar ‘cortices (stars in panels A, B, and D) was mostly limited
to the deep and inferior cortical regions. (E to J) The PrP immunostaining (E and G) of the intensely PrP-reactive brain stem nuclei in histoblot analysis
(boxed regions in panels F and H) revealed coarse PrP granules, while the PrP immunostain in the cerebral cortex (T) was minimal and characterized
mostly by a plaque-like pattemn. In contrast, widespread fine-granular PrP immunostaining was observed in the cerebral cortex of symptomatic Tgd0 mice
following inoculation of sSCJDMM1 brain homogenates (I). Monoclonal antibody 3F4 was used for all the staining.

involvement could be demonstrated for the Tg40 mice follow-
ing i.c. inoculation with human PrP5° from sCJDMML. This is
the first report of the presence of PrP% in the spleens of
humanized Tg mice after ic. inoculation with a BSE strain,
suggesting that the BASE strain, like BSE-C, where at least in
vCID-infected subjects PrPS¢ and prion infectivity have been
detected in spleens and tonsils (6, 11), is intrinsically lympho-
tropic. Therefore, lymphoid tissues of BASE strain-infected
individuals might also carry prion infectivity.

The gel mobility of the PK-resistant PrP*° recovered from
the BASE strain-inoculated Tg40 mice was consistently slightly
faster than the mobility of BSE-C, as originally reported for the
BASE strain (8). The computed difference in gel mobilities
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between BASE and BSE-C PrP* is 0.29 * 0.12 kDa, corre-
sponding to 2 to 4 amino acid residues. In contrast, the gel
mobilities of the PK-resistant PrP5° species from the BASE
strain, BASE strain-infected Tg40 mice, and sCJDMM2, which
was used as representative of human PrP5¢ of type 2, were
indistinguishable. This finding suggests that the PK-resistant
PrP5¢ electrophoretic heterogeneity between the BASE strain
and BSE-C falls well within the 7-amino-acid variability of the
N terminus (positions 92 to 99) that is consistently found in
PK-resistant PrP* of type 2 (16). Therefore, despite their
minor but distinct variability in gel mobility, both the BASE
strain and BSE-C PrP*¢ species appear to belong to the PrPS°
of type 2. However, the PrP%¢ glycoform ratios of BASE strain-
infected Tgd0 mice and the BASE strain inocula display a
small but statistically significant difference (Fig. 1). Therefore,
PrP5¢ in BASE strain-infected human subjects may be ex-

pected to display a different glycoform ratio from that of the

BASE strain. It is worth noting that the electrophoretic char-
acteristics of the PK-resistant PrP5° of some human prion
strains has been faithfully reproduced by our Tg40 line as well
as by other humanized mouse lines (10, 13, 21).

Two distinct histopathological and PrP immunohistochemi-
cal phenotypes have been reported following BSE-C inocula-
tion: one reproduced the distinctive features of vCID with the
“florid” plaques that intensely immunostained for PrP, and the
other was reminiscent of sSCJIDMM], with prominent spongi-
- form degeneration and no plaque PrP immunostaining (1, 23).
The brain histopathology, the PrPS distribution, and the PrP
. immunostaining pattern of BASE strain-inoculated Tg40 mice
. were definitely distinct from such features described above (1,
23), further supportisig the notion that BASE and classical
BSE are associated with two distinct prion strains (8).

The relatively easy transmission of BASE to humanized Tg
mice indicates that effective cattle prion surveillance should be
maintained until the extent and origin of this and other atypical
forms of BSE are fully understood.
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Abstract: PrPres has rarely been detected in blood (except in leukocytes) even in diseased animal models
that are known to contain a large amount of PrPres in infected tissues. 1t seems likely that PrPres detec-
tion in blood is difficult because of the low titer of infectious material within the blood. Here, we demon-
strate the detection of proteinase K-resistant 3F4-reactive protein in the plasma of scrapie-infected ham-
sters but not in the plasma of mock-infected hamsters by partial purification using a novel method termed
“acidic SDS precipitation,” in conjunction with a highly sensitive chemiluminescence detection system
used to show the presence of PrP at a concentration equivalent to 1.4X10™° g of brain homogenate or
151077 g (6.5%x107" mol) of rPrP by conventional Western blotting. The 3F4-reactive proteins in
scrapie-infected hamster plasma often resulted in multiple Mw protein bands occurring at higher Mw posi-
tions than the position of the di-glycosyl PrP molecule. Mixing scrapie-infected hamster brain
homogenate with mock-infected hamster plasma resulted in the formation of similar Mw positions for mul-
tiple 3F4-reactive proteins. Predigestion of carbohydrate side chains from the proteins in the plasma or
brain homogenate before mixing resulted in failure to obtain these multiple 3F4-reactive proteins. These
observations indicate that PrPres aggregated with other proteins in the plasma through carbohydrate
side chains and was successfully detected in the plasma of scrapie-infected hamsters. Counterparts in
these aggregates with PrPres-like proteins in scHaPl are not known but any that exist should resist the PK
digestion. °

Key words: PrPres-like protein, Carbohydrate, Scrapie infection, Discrimination

Transmissible spongiform encephalopathy (TSE) is
a fatal infectious neurodegenerative disease. It is char-
acterized pathologically by spongy deterioration of the
central nervous system (CNS) and by the deposition of
amyloid plaques composed of an abnormal isoform of
the prion protein (PrP*) in infected tissues (1, 2, 19).
An important biochemical property of PrP* is its partial
resistance to protease digestion, which results in the
formation of a -sheet-rich isoform. This molecule has
therefore also been called PrPres, and it has been con-
sidered a disease-specific entity associated with TSE (1,
2, 9). Although the vCID epidemic in the UK. is

*Address correspondence to Dr. Kazuo Tsukui, 2-1-67 Tatsu-
mi, Koto-ku, Tokyo 135-8521, Japan. Fax: +81-3-5534—
7588. E-mail: k-tsukui @bs.jrc.or.jp
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declining, expansion of the disease throughout conti-
nental Europe and in many other countries has raised
concern all over the world (9, 10, 28). After the appear-
ance of three cases of transfusion-related vCJID infection

Abbreviations: 2X acidic saline, 0.02 M acetic acid containing
0.15 M NaCl and 10 mM EDTA-2Na; Brh, brain homogenates;
CNS, central nervous system; KLH, keyhole limpet hemo-
cyanin; mAb, monoclonal antibody; mc, mock-infected; P,
plasma; PMCA, protein misfolding cyclic amplification; PrP”,
normal prion protein; PrPres, proteinase K-resistant prion pro-
tein; PrP~, disease-associated prion protein; PTA, phospho-
tungstic acid; PVDF, polyvinylidene fluoride; RES, reticulo-
endothelial system; rPrP, recombinant hamster PrP(25-233); SB,
super block; sc, scrapie-infected; TBST, Tris Buffered Saline
containing 0.05% Tw20: TSE, transmissible spongiform
encephalopathy. '
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in the UK., transfusion-related iatrogenic expansion of
vCJD between the asymptomatically infected donor and
blood recipients has caused growing concern (13, 21,
26). In addition, the UK. government has recently
reported a fourth case of vCID associated with a blood
transfusion (HPA Press statement; 18 Jan. 2007, abbre-
viated in 13). For this reason, the aim of research into
developing an antemortem test has changed from
detecting infected persons in an endemic area to esti-
mating the population size of infected persons within a
more global area in order to prevent the iatrogenic
infection by tainted blood (4, 8, 28). The most useful
tissues for the diagnostic confirmation of vCID in
humans are CNS and reticulo-endothelial system (RES)

tissue as well as the tonsils and appendix (14-16). The

tonsils and appendix have been used successfully for
the histopathological detection of PrPres in epidemio-
logical studies of vCID infection in the U.K.: an
extremely high frequency of infection was detected
compared to the frequency of so-called classical CJD
(16, 17, 22). However, it is difficult to sample the ton-
sils and the appendix in living subjects. Therefore, the
pathological diagnosis of TSE is currently made princi-
pally on the basis of postmortem preparations of CNS
tissues, highlighting the need for the development of a
more rapid diagnostic method using body fluids, espe-
cially blood (6, 27). For this purpose, several methods
have been proposed and examined for prophylactic use
(23, 30, 32). However, none of these methods has
proved to be sufficient for the purposes (5, 7, 20, 29).
To achieve this goal, several problems must be solved;
solutions include using preparations with minimally
invasive sampling techniques and establishing an effec-
tive and specific method for detecting the disease mark-
er with sufficient sensitivity (5). The first problem can
be solved by using body fluids such as blood or urine as
test specimens. Therefore, the key is to develop a sys-
tem with sufficient sensitivity to detect PrPres in blood
or urine (5, 6, 20, 22, 29). The presence of PrPres in the
urine of TSE-infected animals and humans has been
reported previously (33). However, it has been suggest-
ed that this uPrP* may be ¢ontaminated bacterial com-
ponents in infected animal urine and not a marker of
TSE (12).. Blood has not been considered a highly
infective source of classical CJD. The same was true for
vCID until the first victim of vCID resulting from a
blood transfusion was reported (21). This report was
followed by reports of three more cases of possible
transfusion-related transmission of vCJD (18, HPA
Press statement; 18, Jan. 2007, 13). The development of
a testing method using blood has therefore become a
major goal of TSE research.

Here we show the successful detection (using a high-
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ly sensitive chemiluminescence immunoblotting sys-
tem) of a PrPres-like protein molecule in plasma col-
lected from scrapie-infected (sc) but not from mock-
infected (mc) hamsters. Although the infectivity of this
molecule has not been tested, and the immunoblot pat-
tern of the anti-PrP reactive protein in plasma (scHaPl)
was somewhat different from that of the brain
homogenate (scHaBrh) in scrapie-infected hamsters,
the specific reactivity of these proteins to anti-PrP mAb,
the demonstration of carbohydrate side chain-mediated
association between PrPres and plasma proteins, and

the removal of the carbohydrate chain resulted in the

appearance of similar Mw proteins in scBrh and scPl
firmly support the conjecture that the extra Mw proteins
observed in the trial were the aggregates of PrPres and
some plasma proteins.

Materials and Methods

Enzymes, monoclonal antibodies (mAb) and recombi-
nant hamster PrP peptide. Proteinase K (PK: 40.0
mAnson units/mg protein) was purchased from Merck
Co. (Rahway, N.J., US.A.). Peptide N-glycosidase F
(PNGaseF, 25,000 units/fmg protein) was purchased

. from Roche Diagnostics Co., Ltd.

The anti-PrP mAbs 3F4 (Signet, Mass., U.S.A.) and
6H4 (Prionics AG, Ziirich, Switzerland) were stored in
aliquots at —80 C until use. mAb 5C8-113 was pre-
pared by immunizing PrP knockout mice with bovine
recombinant PrP (Prionics AG); screening was conduct-
ed using the same molecule. TA180 and TA181 were
provided by Medical Biological Laboratory (MBL) and
were prepared by immunizing conventional Balb/c mice
with synthetic peptides of the hamster PrP sequence
CERYYRE or CAVVGGLGGYML conjugated with
keyhole limpet hemocyanin (KLH), respectively, then

screened by the same peptides without KILH and conju- "

gated with an ELISA plate. The epitope sites of the
mAbs were 150-152 and 163-165 for TA180, and
129-131 for TA181. The epitope site of 5C8-113 has
not yet been determined but is possibly an unknown
conformation-dependent site.
(7A8.1; CHEMICON) was kindly donated by Dr.
Iwakura of the Institute of Medical Sciences, Tokyo
University and was used as a negative control for anti-
PrP mAD reactions. Hamster recombinant PrP(25-233)
(abbreviated rPrP hereafter) was purchased from Alicon
AG (Switzerland).

Material from scrapie-infected and mock-infected
hamsters. Twelve Syrian golden hamsters were inocu-
lated with scrapie (Sc237)-infected hamster brain
homogenate intra-cerebrally. Six hamsters were simi-
larly inoculated with uninfected normal hamster brain

Anti-HIV P24 mAb-
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homogenate and were used as mock-infected hamsters.
Hamsters from the two groups were anesthetized with
ether at the terminal stage of disease among animals in
the scrapie-infected group (approximately 50-70 days
after inoculation) and after the same time interval
among animals in the mock-infected group. Blood was
collected from the animals with ACD containing 10 mM
EDTA as an anticoagulant. Blood samples from
scrapie-infected and mock-infected hamsters was cen-
trifuged at low speed and the plasma fractions were col-
lected (scPl and mcPl, respectively). Both scPl and
mcPl were processed similarly thereafter. Brains were
removed from the terminal-stage infected hamsters or
the mock-infected hamsters and homogenized in TBS
containing 0.5% NP40, 0.5% DOC and a protease
inhibitor cocktail (Sigma) using a closed system
homogenizer. These brain homogenates were then
adjusted to a concentration of 10% with the above-men-
tioned buffer (scBrh™* or mcBrh™¥, respectively).
scBrh™* or mcBrh™* were centrifuged at low speed to
remove insoluble materials, and the supernatant frac-
tions (scBrh or mcBrh) were processed as described
below.

Enzyme treatment. The plasma or brain
homogenates were diluted 4-fold with TBS containing
10 mM EDTA and digested with PK (50 p.g/ml) at 37 C
for 60 min. These reactions were stopped by adding 1
mM Pefablock. The digestion step was omitted in a set
of controls. The samples were then treated with 3%
SDS and S0 mM DTT in TBS before being inactivated at
100 C for 10 min and stored at —80 C in small aliquots.

Acidic SDS precipitation. Stored preparations were
inoculated with equal volumes of 0.02 M acetic acid
containing 0.15 M NaCl and 10 mMm EDTA-2Na (2X
acidic saline) at 10 C, followed by centrifugation at
15,000 rpm for 10 min. The resulting precipitates were
dispersed in Tris Buffered Saline (TBS) with 5 mm
EDTA and inoculated with equal amounts of 2X acidic
saline again. After further centrifugation, the resulting
precipitates were rinsed with a 5-fold volume of
methanol, then dissolved in Laemmli’s SDS sample
buffer and analyzed thereafter.

Immunoblot detection of PrP-like proteins. SDS-
PAGE was carried out on a 15% gel using Laemmli’s
conventional buffer system. The electrophoresed pro-
teins were transferred onto polyvinylidene fluoride
(PVDF) membranes using a semidry system. After
Western blotting, the membranes were blocked with
Super Block (SB; PIERCE, Rockford, IIl., U.S.A.) for 1
hr at room temperature then overnight at 4 C. The
blocked membranes were first washed three times with
TBS containing 0.05% Tween 20 (TBST), then incubat-
ed with an anti-PrP monoclonal antibody (mAb; 3F4,
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6H4 or similar), in SB containing 10% Block Ace
(Dainippon Pharmaceutical Co., Ltd.) and 0.01% BSA
for 1 hr at room temperature then overnight at 4 C
thereafter. For maximum detection of protein signals,
the blotted membranes were incubated overnight at 4
C. After incubation, the membranes were washed five
times with TBST, incubated with horseradish peroxi-
dase-conjugated goat anti-mouse IgG (HRPGAM) in
TBST cotaining 10% Block Ace and 0.1% BSA for 1 hr
as a secondary antibody, washed five more times with
TBST and incubated with a chemiluminescence sub-
strate (Super Signal West Femto Maximum Sensitivity
Substrates: SSWF; PIERCE). To obtain optimum
chemiluminescence signals, HRPGAM was used at a
concentration of 2 ng/ml according to the manufacturers
instruction manual and chemiluminescence signals for
antibody-reactive bands were detected using an
L.AS3000 image analyzer (Fuji Film, Tokyo).

Results

Sensitivity of Detection Systems (Fig. 1)

To determine the limits of the detection system, rPrP,
10% homogenates of sc- or mcBrh (crude or low-speed
centrifugation supernatant) and PK predigested sc- or
mcBrh were used. They were abbreviated as sc- or
mcBrh™*, sc- or mcBrh™ and sc- or mc BrhPKs,
respectively. In these experiments, the amount of PrP
was indicated as brain equivalent (panel A) or brain
protein (panel B) to enable convenient comparison
between the equivalence to brain amount and brain pro-
tein. Protein amounts in the brain were determined
before PK digestion. In panel A, 1.5X107%g
(6.5X10"""mol) for rPrP and PrPres in 1.4X107° g brain
equivalent were detected. About 1/3 (equivalent to
2.25X107° g brain protein) of the PrP molecule in
scBrh, and none of those in mcBrh looked like the PK-
resistant molecule (PrPres; panel B). PrPres in scBrh
was shifted from 30-32 kDa and 27--28 kDa before PK
treatment to 25 and 20 kDa positions after PK treat-
ment, respectively. As the total amount of PrPres plus
PrPc in scBrh looked 3-fold larger than the amount of
PrP in mcBrh, synthesis of the PrP was enhanced by
scrapie infection in hamsters.

Discrimination of Scrapie Infection from Mock Infec-
tion by Plasma

When scrapie-infected or mock-infected Brh and
plasma were pretreated with PK and subjected to
immunoblot analysis, sc and mcBrh were easily dis-
criminated by the PK treatment but sc and mcPl were
not discriminated by the enzyme treatment (panel A).
In mcPl, similar 3F4-reactive proteins were also
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Fig. 1. Seasitivity and specificity determinations of immunoblot systems. Panel A: Sensitivity of used chemilumines-
cence immunoblots was determined using rPrP(25-233) (upper) or scBrhi™* (lower). These were diluted in the serial
threefold manner as described in “Materials and Methods.” Thereafter, each diluted preparation was subjected to
chemiluminescence immunoblot detection. The amounts of each preparation used per lane are indicated in the figure
as g (X107") for rPrP(23-231) or g Br. eq. (X 107™) for scBrh. Panel B: Specific detection of PrP in scBrh and micBrh
by chemiluminescence immunoblotting was indicated. scBrh or mcBrh (upper) or their PK-treated preparations
(lower) were processed to serial threefold dilution series and subjected to chemiluminescence immunoblotting. PrP in

" each preparation was indicated per brain protein. Protein bands in scBrh showed the mixture of PrPres and PrPc. 3F4
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and HRPGAM were used as the primary and secondary antibodies, respectively.
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Fig. 2. Acidic SDS precipitation to discriminate scrapie infection and mock infection by their plasma. Panel A:
scBrh, mcBrh, scP1 and mcPl were processed and subjected to or not subjected to PK treatment. A chemiluminescence
immunoblot analysis of PrP-like proteins was then performed using 3F4 primary and HRPGAM secoundary antibodies.
The PK treatment discriminated scBrh and mcBrh but did not discriminate between scPl and mcPL Panel B: PK-pre-
treated scBrh, mcBRh, scPl and mcP1 were subjected to acidic SDS precipitation condition, then analyzed by chemni-
luminescence immunoblotting. Acidic SDS precipitation condition was repeated twice (indicated as 1st and 2nd in the
panel). This acidic SDS precipitation clearly discriminated scPl and mcPl as well as scBrh and mcBrh. The high MW

- protein band observed in the 1st precipitated fraction of mcPl was diminished in the 2nd precipitation. 3F4 and

HRPGAM were used as the primary and secondary antibodies, respectively.
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observed as in scPl. This observation was extremely
different between the brain homogenate and plasma.
From this observation, the presence of PK-resistant PrP
molecules (PrPres-like molecules) in both sc- and mcPl
was suspected (Fig. 2, panel A). These PrPres-like
molecules in both plasma types have multiple incon-
stant Mw in experiments. Two patterns were often
observed in 3F4-dependent immunoblot analysis; one
was a 32 kDa major band with a 20 kDa minor band as
well as 18, 25, 37 kDa faint bands (panel A; lane 7, 8),
and the other was 20, 32, 40 and greater than 50 kDa
dense bands as well as 27 kDa faint bands (Fig. 2, panel
B; lane 5, 6).

The ability of the test to discriminate between scPl
and mcPl was examined by acidic SDS precipitation
(Fig. 2, panel B). PK-treated scBrh and mcBrh as well
as scPl and mcP] preparations were subjected to acidic
SDS precipitation condition (acidic SDS ppt) and ana-
lyzed with our immunoblotting system. In this experi-
ment, precipitation was performed twice to ensure max-
imum removal of SDS soluble proteins. By this proce-
dure, scPl and mcP] were clearly discriminated in the
first precipitation and the higher Mw band that
remained after the first precipitation was removed
almost completely by the second precipitation. Dis-
crimination between scPl and mcPl by acidic SDS pre-
cipitation was further confirmed by an experiment using
12 scPl and 6 mcP] samples (Fig. 3), but precipitation
was only carried out once in this experiment. As shown
in this figure, all 12 scPl samples showed the 3F4-reac-
tive proteins but 4 mcPl samples did not. The mcPI of
No. 1 and No. 6 showed weak 3F4-reactive bands.
These observations confirm that scPl and mcPl can be

scBrh

scPl

successfully discriminated using the acidic SDS precip-
itation but that precipitation should be repeated twice.
Weak bands observed in the mcP! No. 1 and No. 6 were
expected to disappear by performing one more acidic
SDS precipitation procedure.

Effect of Deglycosylation

It is known that three Mw species of PrP, di-, mono-
and none-glycosylated molecules, exist in the brain and
deglycosylation of the molecules causes the three pro-
tein species to accumulate into a single Mw. So, in
order to determine whether deglycosylation affects the
formation of multiple Mw protein bands in sc or mcPl,
PK-treated sc and mcPl were deglycosylated or further
processed using the acidic SDS precipitation procedure
then compared to similarly processed scBrh. As shown
in Fig. 4, 20-27 kDa proteins in scBrh and 19-50 kDa
multiple Mw proteins in scPl and mcPl were detected
following PK treatment (step 1). With deglycosylation
of scBrh by PNGase F treatment, large amounts of 18
kDa protein appeared as was expected. Deglycosyla-
tion of scPl and mcPl resulted in 18 kDa proteins
appearing but multiple higher Mw protein bands
remained (step 2). After acidic SDS precipitation of
these PK digested and deglycosylated materials, the
multiple higher Mw protein bands in scPl disappeared,
whereas a small amount of discrete 18 kDa protein
bands remained in scBrh and scPl. These protein bands
were not detected following similar treatment of mcP1
(step 3). A long period of exposure (10 min) was nec-
essary to obtain the protein signals described from step
3 of the experiment because the PrP-like proteins were
difficult to detect after the deglycosylation step of the

mcPl
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Fig. 3. Discrimination of PK-treated scPl and mcP1 by acidic precipitation. Twelve preparations of scPl and 6 prepa-
rations of mcPl were pretreated with PK (50 pg/ml). scBrh was similarly treated before processing. After the pre-
treatment, the scPl and mcPl as well as scBrh were processed to the acidic SDS precipitation stage and analyzed by the
normal immunoblot systems as described in “Materials and Methods.” Anti-PrP mAb 3F4 and HRPGAM were used
as the primary and secondary antibodies, respectively, for the immunoblot analysis.
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Fig. 4. Disappearance of extra Mw protein bands by digestion of carbohydrate side chains followed by acidic SDS pre-

- cipitation. scBrh, two preparations of scPl and two preparations of mcPl were treated with PK (step 1, lanes 1-5). The
PK-treated preparations were digested by PNGase F to remove the carbohydrate side chain on the protein molecules
(step 2; lanies 6-9) then processed finally to the acidic SDS precipitation stage (step 3, lanes 10-14). Lanes were: Brain
homogenate: 1, 6, 10; scPl: 2, 3,7, 8, 11, 12; and mcPL: 4, 5, 9, 13, 14. The immunoblot pattern of each preparation
“*during the three steps was determined. For the immunoblot analysis, 3F4 mAb and HRPGAM were used as the pri-
mary and-secondary antibodies, respectively. Preparations treated with PNGase F or acidic SDS precipitation are indi-
cated as (+) and untreated or unprocessed preparations are indicated as (—) in the figure. 3F4 and HRPGAM were

used as the primary and secondary antibodies, respectively.

acidic SDS precipitation protocol. These observations
suggested that carbohydrate side chains were involved in
the formation of the multiple higher Mw protein bands
(Fig: 4).

Appearance of Multiple Higher Mw Proteins by Mixing
PK-Treated scBrh and PK-Treated or PK-Untreated
mcPl

PK-treated Brh was mixed with PK-treated or PK-
untreated mcPl] then processed to the acidic SDS: precip-
itation stage. These mixed preparations were compared
with preparations of unmixed components in
immunoblot analysis. Mixing of the PK-treated scBrh
with PK-treated or PK-untreated mcPl resulted in the
formation of higher Mw multiple protein bands as
observed in scPl. Mixing with PK-treated mcP] seemed
to show more discrete bands than mixing with PK-
untreated mcPl. In PK-treated mcHaBrh, PK-treated or
PK-untreated mcPl, these higher Mw protein bands
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were not observed. These immunoblot results suggested

that the multiple Mw 3F4-reactive proteins were newly-

formed by the association between PrPres in scBrh and
some PK-resistant plasma proteins:in mcPl (Fig. 5).

Effect of Deglycosylation for the Association of PrPres
in scBrh and PK-Resistant Protein in Plasma
As the deglycosylation of scPl resulted in failure to
form the multiple higher Mw proteins but resulted in
 the appearance of a discrete 18 kDa band. As the Mw
‘of which.is similarly to the deglycosylated PrPres in
scBrh, the possible involvement of saccharide chains
was suspected for the formation of multiple extra Mw
protein bands. To confirm this possibility, PK-pretreated
scBrh and mcP] were deglycosylated by PNGase F or
left untouched. After mixing the two preparations in
the combination indicated in Fig. 6, acidic SDS precipi-
tation was performed thereafter. As 3% SDS in the
‘stored plasma or brain homogenates inhibits deglyco-
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Fig. 5. Appearance of extra Mw proteins by mixing scBrh and
mcPl after the acidic SDS precipitation. Proteinase K-pretreated
scBrh was mixed with PK-treated or untreated mcPl and diluted
to 1:3 or 1:9 in the presence of the PK-treated or untreated mcPl
preparations. Then the mixed and unmixed preparations were
processed to the acidic SDS precipitation stage. These processed
preparations were compared by immunoblot analysis using 3F4
mAb and HRPGAM as the primary and secondary antibodies,
respectively. Lanes: 1: PK treated scBrh; 2-4: PK-treated scBrh
was mixed with an equal amount of PK-untreated mcPl (lane 2),
diluted to 1:3 (lane 3), diluted to 1:9 (lane 4); 5-7: PK-treated
scBrh was mixed with an equal amount of PK-treated mcPl
(lane 5), diluted to 1:3 (lane 6), diluted to 1:9 (lane 7); 8: PK-
treated mcBrh; 9: PK-untreated mcPl; 10: PK-treated mcPl; 11:
PK-treated scPl. 3F4 and HRPGAM were used as the primary
and secondary antibodies, respectively.

sylation reaction by PNGase F, the preparations for
deglycosylation were diluted 30-fold before the reac-
tion. After the deglycosylation, proteins in the reaction
mixture of PNGase F treatment were precipitated by
methanol and dissolved again to their original volumes
with a primary buffer system that contained 3% SDS
before mixing. Acidic SDS precipitation after the mix-
ing of these deglycosylated preparations resulted in the
appearance of an 18 kDa discrete band with a similar
Muw to the deglycosylated PrPres in scBrh. Deglycosyl-
ation of brain proteins as well as of plasma proteins
separately failed to form the higher Mw multiple protein
bands. Mixing of PNGase F-treated scBrh and PNGase
F-untreated mcPl formed a somewhat large amount of
discrete 18 kDa proteins (lane 5).

Discussion

For antemortem diagnostic tests, body fluids such as
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blood or urine may be the most convenient specimens.
The infectivity of blood in TSE-infected animals has
already been determined to be 10-30 IDs/ml (5). For
this reason, the detection sensitivity of PrPres in blood is
required to be in the order of ng/ml to test for TSE as
has been mentioned elsewhere. Immunoblotting sys-
tems cannot detect such a low level of PrPres even in the
blood of experimentally infected animals, so more sen-
sitive methods to detect lower concentrations of PrP
molecules need to be developed for antemortem diag-
nostic tests using blood or other body fluids. Various
trials by several investigators have attempted to solve
this extremely difficult problem (7, 19, 20, 30). In these
studies, capillary electrophoresis analysis using a fluo-
rescence-labeled synthetic PrP peptide, a combination
of conformation-dependent PTA precipitation and
ELISA, PCR of synthetic RNA conjugated with anti-
PrP mAb and in vitro multiplication of abnormal PrP
isoform (Protein Misfolding Cyclic Amplification;
PMCA) have been suggested (3, 20, 29, 30). The
PMCA method was shown to detect the presence of
PrPres in scrapie-infected pre-mortem hamster blood
using the buffy coat lysate (29). However, because
these methods are complex and require a long time to
obtain final results, their use in blood screening may be
restricted. On the other hand, the common
immunoblotting system used after PK treatment is
excellent for detecting PrPres in the CNS or in other
disease-affected tissues of infected animals. However,
the usual immunoblot detection is less sensitive than the
methods mentioned above. Therefore, a method that
uses the common immunoblotting system would be the
first choice for an antemortem test if its detection sensi-
tivity could be enormously enhanced. It is suspected
that the detection of PrPres molecules in blood is made
more difficult by contamination from a large amount of
protein, and so a method that will selectively concen-
trate the PrPres in blood to allow detection is therefore
required. We tried to use the common immunoblotting
systems in combination with a selective concentration
method for PrPres-like protein aggregates and a highly
sensitive chemiluminescence method. Using this com-
bination, we successfully showed the presence of
PrPres-like proteins in the scPl by means of reactivity to
several anti-PrP mAbs, and by the similarity of Mw
with the PrPres in infected hamster brains after deglyco-
sylation. Moreover, carbohydrate may cause the
PrPres-plasma protein aggregation and form the multi-
ple Mw 3F4-reactive PrP-like proteins. PrP is a mem-
brane protein and is known to aggregate frequently,
especially after conversion to its disease-associated
abnormal isoform. For this reason, detection of these
aggregates is also the optimal way to develop an assay
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Fig. 6. Inability to form aggregate between scBrh and mcPl by digestion of carbohydrate before mixing. PK-treated
scBrh, mcBrh and mcP! were further treated or not treated with PNGase F to digest the carbohydrate side chains on
the proteins. These pretreated preparations were mixed with each other as indicated in the figure, and processed to the
acidic SDS precipitation stage after mixing. Lanes: 1: scBrh (PNGase F—), 2: scBrh (PNGase F+); 3: scBrh
(PNGase F—) mixed with mcP1 (PNGase F—); 4: scBrh (PNGase F—) mixed with mcPl (PNGase F+); 5: scBrh
(PNGase F+) mixed with mcPl (PNGase F—); 6: scBrh (PNGase F+) mixed with mcPl (PNGase F-+); 7: mcBrh
(PNGase F—) mixed with mcPl (PNGase F—); 8: mcBrh (PNGase F—) mixed with mcPl (PNGase F+); 9. mcBrh
(PNGase F+) mixed with mcPl (PNGase F—); 10: mcBrh (PNGase F-+) mixed with mcPl (PNGase F+), in which

. (PNGase F+) and (PNGase F—) mean digested or non-digested with PNGase F before mixing, respectively. 3F4 and
HRPGAM were used as the primary and secondary antibodies, respectively.

method when using blood. However, previous tests for
evaluating the sensitivity of detection systems using PrP
molecules have frequently failed, presurably due to the
tendency of the PrP molecule to form aggregates. 'We
therefore evaluated the sensitivity of the detection sys-
tem using SDS sample buffer which contained 0.1%
BSA for the dilution buffer and by boiling the prepara-
tion throughout the serial dilution steps. This method
allowed us to obtain a proper dispersion of the PrP
aggregate in the test preparation and we successfully
showed that the endpoint of the detection system was
1.5X10"% g
PrPres in 1.4X 107" g brain equivalent of scHaBrh. As
the scBrh has an infectivity titer of 107-107 IDy/ml,
this chemiluminescence system can detect PrPres corre-
sponding to 1 [Dw/ml or more, which is sufficiently
greater than the value required to detect PrPres in blood
(Fig. 1). We therefore decided to use this chemilumi-
nescence system to detect PrPres in scPl. This system

also allowed us to determine the detection hrmt of PrP.

protein in the brain (Fig. 1B).
Adding the acidic SDS precipitation stage to the pro-
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(6.05X107" mol) or more of rPrP and

tocol enabled successful discrimination of scPl and
mcPl. The acidic SDS condition may selectively target
aggregated PrP molecules, suggesting that PrP mole-
cules in mcPl may not be aggregated. This observation

is reasonable in that one of the main differences

between PrPres and PrPc may be whether they exist in
an aggregated form or not. Some investigators have
tried to obtain PrPres in blood in an aggregated form
(7). The aggregation of PrPres is thought to be a result
of the more hydrophobic nature of the PrRres molecule
than that of PrPc (24). However, the phenomenon
observed here clearly suggests that an important factor
for aggregation may be the presence of a carbohydrate
side chain on both PrPres and plasma proteins rather
than the hydrophobic nature of the PrPres. Carbobhy-
drate has often been described as the outﬁtter for glyco-
sylation and function (25).

The types of protein that aogregate w1th the PrPres-
like molecules are not known. Some plasma proteins
are known to associate with the PrP, but it is possible
that the PrP molecules in hamster plasma may also be a
candidate for these plasma proteins (11, 31, 34). PK-

ey
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resistant PrP molecules have recently been reported in
uninfected human brains as well as in uninfected mouse
and hamster brains and have been labeled a silent prion.
PK-resistant protein in mcPl, which is able to aggregate
with PrPres could be the silent prion in hamster plasma
(34). Weakly observed 3F4-reactive protein bands in
mcPl suggest the existence of the silent prion in plasma
(Fig. 3).

In the lanes of scPl-2, -4, -7, -8, discrete bands in the
Mw 32 kDa region were observed without other bands.
As the band of this Mw region was weakly observed in
mcPl-1 and scPl-6, it is somewhat difficult to decide the
positive expression of 3F4-reactive protein for scPl-2,
-4, -7 and -8. However, intensities of these signals in
the scPl preparations were obviously strong compared to
the signals in mcPl preparations. Thus it may be diffi-
cult to decide positive or not positive by performing
acidic precipitation just one time. It is reasonable that
an individual animal does not express the 3F4-reactive
protein similarly in a time dependent manner and
expression strength. Therefore, if blood testing is intro-
duced, the plasma preparation should be processed
twice with this acidic SDS precipitation, and the test
should be conducted several times at different times.

Here we showed the successful discrimination of
scrapie-infected and mock-infected hamsters by their
plasma preparations using a novel combination method
termed acidic SDS precipitation along with a highly
sensitive chemiluminescence immunoblot system. In
the immunoblots of PK-treated plasma preparations,
multiple protein bands at Mw higher than the 25 kDa
position were observed. These protein bands were
observed in both scPl and mcPl after PK treatment. As
these proteins were 3F4-reactive as well as PK-resis-
" tant, they were very likely to be PrPres molecules.
However, observations showing multiple bands of high-
er than 25 kDa in Mw in mcPl as well as in scPl were
very different from the electrophoresis pattern of scBrh.
These differences between plasma and Brh have to be
explained if the multiple PrPres-like proteins in plasma
are aggregates of PrPres and some other plasma pro-
tein. This is similar with an observation in which the C-
terminal domain of a recombinant mouse PrP peptide
was aggregated spontaneously even in SDS sample
buffer (24). Differences of electrophoresis patterns in
Fig. 5, lanes 5-7 and Fig. 6, lane 3 or Fig. 2B, lane 5, 6
in spite of the same processing protocol may explain in
which aggregation counterparts with PrPres in these
plasma preparations may not be the same molecule, in
preparation. After the PK treatment, an enormous
amount of partial peptides was distributed in the broad
Mw region if total protein was stained on WB mem-
brane. This means that multiple partial peptides which
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possessing carbohydrate chains may have the potential
to become the counterpart of these aggregates. We
could not control the combination of the molecules. A
deglycosylation experiment using both scPl and scBrh
solved this question. After deglycosylation and acidic
SDS precipitation, both scBrh and scPl showed a single
discrete protein band at the 18 kDa Mw position. This
observation strongly suggests that the carbohydrate side
chain might be an important factor in the aggregation of
the PrPres-like protein with some other proteins. From
these observations, one of the components required to
form aggregates must be the PrPres molecule but the
other component need not be another PrPres molecule.
That 1s, both self aggregation as well as aggregation of
multiple hetero molecules could be resulted in the for-
mation of the multiple Mw protein bands. Although
dense bands at 25 kDa was observed in the scBrh and
mcPl mixing (Fig. S, lanes 5-7), the bands were
obscure in scPl (Fig. 2, lanes 5, 6). This discrepancies
between the preparations may conjectured by the dif-
ferences of PrPres and plasma protein ratio. In Fig. 5,
lanes 5-7, larger amount of scBrh compared to mcPl
showed pattern more similar to that of scBrh, larger
amount of mcPl showed more discrete band pattern
after the PK treatment, in reverse. In this observation,
20 and 25 kDa protein bands were decreasing gradually
along with mcPl was increasing. Therefore, it is conjec-
tured that the 20 and 25 kDa proteins were not observed
if less amounts of PrPres existed in scPl as observed in
Fig. 2B, lane 5, 6.

PrPres was also found in uninfected human brains
and labeled a silent prion (34). Similar molecules are
likely to be present in non-infected hamsters and in
mouse brains as well. If the silent prion in hamster and
mouse brains is also exist in plasma, the PK-resistant
3F4-reactive proteins observed in mcPl in this experi-
ment may be the candidate in hamster plasma. The
silent prions in hamster plasma could aggregate with
themselves or with other proteins to form the multiple
higher Mw proteins in mcPl as well as scPl. But if the
silent prion exists in mcPl, it must be discriminated
through the blood tests. The acidic SDS precipitation
process reported here may be useful for such trials.

So, as the PrPres molecules in hamster, 25 kDa, 20
kDa and 18 kDa proteins correspond to the di-, mono
and no carbohydrate molecules, respectively. Multiple
higher Mw protein bands were presumably aggregates
with PrPres and other plasma proteins. The phenome-
non that Mw of these aggregates were not found within
a constant range indicated that counterparts of presum-
able PrPres might not be the specialized molecules in
preparations; the silent prion may be included within
these inconsistent molecules. Furthermore, we could
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not control these combinations. The biological meaning
of these aggregations is not known.

The observations from this experiment show that
acidic SDS precipitation of plasma preparations enables
discrimination between scrapie-infected and mock-
infected hamsters and may be an extremely important
finding for the developing of an antemortem blood test
to diagnose TSE. The question as to why the silent
prion is not precipitated by the acidic precipitation if it
exists in mcPl remains to be answered.
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[With the continuing decline of the number of cases of variant
Creutzfeldt-Jacob disease (abbreviated previously as vCJD or CJD (new
var.) in ProMED-mail) in the human population, it has been decided to
broaden the scope of the occasional ProMED-mail reports to include
other prion-related diseases. Data on vCJD cases from any part of the
world are now included in these updates where appropriate, and other
forms of CJD (sporadic, iatrogenic, familial, and GSS
(Gerstmann-Straussler-Scheinker disease) are included alsoc when they
have some relevance to the incidence and etiology of vCJD. - Mod.CP]

In this update:

{1] UK: National CJD Surveillance Unit -- Monthly statistics & 2007 totals
[2] UK ~ New vCJD type

[31, [4], [S5] vCJID in vitro assays
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[1} UK: National CJD Surveillance Unit -- Monthly statistics & 2007 totals
Date: Mon 7 Jan 2008

Source: UK National CJD Surveillance Unit, monthly statistics, 2007 [edited]
<http://www.cid.ed.ac.uk/figqures.htm>

Monthly Creutzfeldt-Jakob disease statistics -- as of 7 Jan 2008
These following figures show the number of suspect cases of CJD
referred to the CJD surveillance unit in Edinburgh and the number of
deaths of definite and probable variant Creutzfeldt-Jakob disease
[abbreviated in ProMED-mail as CJD (new var.) or vCJdD], the form of
the disease thought to be linked to BSE (bovine spongiform
encephalopathy) . "

Definite and probable vCJD cases in the UK as of 7 Jan 2008

Deaths from definite vCJID. (confirmed): 114

Deaths from probable vCJD (without neuropathological confirmation): 48
Deaths from probable vCJID (neuropathological confirmation pending): 1
Number of deaths from definite or probable vCJD (as above): 163

Summary of vCJD cases -- alive

Number of probable vCJID cases still alive: 3
Number of definite or probable vCJIJD (dead and alive): 166

These data indicate that there have been no new cases diagnosed
during the past month, b@8%he number of patients alive has decreased

http://apex.oracle.com/pls/otn/f?p=2400:1001:13118188367355991829::NO::F2400_P1001_BACK_.. 2008/02/1:
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by one.

These data are still consistent with the view that the vCJD outbreak
in the UK is in decline (although the incidence curve may be
developing a tail). The peak number of deaths was 28 in the year
2000, followed by 20 in 2001, 17 in 2002, 18 in 2003, 9 in 2004, 5 in
2005, 5 in 2006, and 5 in 2007.

Totals for all types of CJD cases in the year 2007

As of 31 Dec 2007 in the UK in the year 2007, there were 111
referrals, 47 deaths from sporadic CJD, 2 deaths from iatrogenic CJD,
4 deaths from familial CJD, one from GSS, and 5 deaths from vCJD.

Communicated by:
ProMED-mail <promed@promedmaii.org>

* %k kk ok k

{2} UK - New vCJD type

Date: Mon 7 Jan 2008

Source: Arch Neurol. 2007 Dec; 64(12):1780-4 [edited]
<http://archneur.ama-assn.org/cgi/content/abstract/64/12/1780>

[Prion disease update 2008 (01l) contained brief press reports of the
identification of a new form of vCJD in a young female patient,

homozygote V/V at codon 129 of the PrPSc gene. The Abstract of the ;'>
scientific paper describing this observation is reproduced below. - -
Mod.CP]

Creutzfeldt-Jakob disease, prion protein gene codon 129V/, and a
novel PrPSc type in a young British woman

By Mead S, Joiner S, Desbruslais M, Beck JA, O'Donoghue M, Lantos P,
Wadsworth JD, Collinge J. MRC Prion Unit and Department of
Neurodegenerative Disease, Institute of Neurology, University College
London, National Hospital for Neurology and Neurosurgery, Queen
Square, London, UK.

Background

Variant Creutzfeldt-Jakob disease (vCJD) is an acquired prion disease
_causally related to bovine spongiform encephalopathy that has
occurred predominantly in young adults. All clinical cases studied
have been methionine homozygotes at codon 129 of the prion protein
gene (PRNP) with distinctive neuropathological findings and molecular
strain type (PrPSc type 4). Modeling studies in transgenic mice
suggest that other PRNP genotypes will also be susceptible to
infection with bovine spongiform encephalopathy prions but may
develop distinctive phenotypes. - PN

Objective .

To describe the histopathologic and molecular investigation in a
young British woman with atypical sporadic CJD and valine
homozygosity at PRNP codon 129.

Design
Case report, autopsy, and molecular analysis.

Setting
Specialist neurology referral center, together with the laboratory
services of the MRC [Medical Research Council] Prion Unit.

Subject
Single hospitalized patient.

Main Outcome Measures
Autopsy findings and molecular investigation results.

Results :
Autépsy findings were atypical of sporadic CJD, with marked gray an
white matter degeneration and widespread prion protein (PrP)
deposition. Lymphoreticular tissue was not available for analysis.
Molecular analysis of PrPSc (the scrapie isoform of PrP) from
cerebellar tissue demons%fg%ed a novel PrPSc type similar to that

http://apex.oracle.com/pls/ otn/f?p=2400:1001:13118188367355991829::NO::F2400_P1001_BACK_... - 2008/ 02/1<
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