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a genotype frequency of about 18% in the US beef
cattle population.?® Both, DNA amplified from fresh

as well as paraffin-embedded tissues, showed the
codoen 192 polymorphism, indicating that these
sammples were derived from the same animal. United
States BSE case 2 had a synonymous polymorphism
at codon 185, reported to be variable with a genotype
frequency of about 6% in the US beef cattle.” We
conclude from these data that samples from both US
BSE cases had normal, unremarkable cattle-like Prip
gene sequences. Polymorphisims in the sheep prion
protein have been correlated with both variable
incubation periods and degrees of resistance to
scrapie.'®?® This has not been the case for BSE in
cattle.”?3* However, noncoding regions of .the Prap
gene locus of cattle (e.g., prion protein gene promoter
polymorphisms} might have an influence on BSE
susceptibility as reported recently.**#* These regions
have not been analyzed in this study.

Unusual cases of BSE have been reported in the
past 2 years by investigators from several counfries.
There have been 2 molecular types of unusval BSE
isolates described in the literature: 1) a type with
a lower molecular mass of the unglycosylated isoform
(L-type} and 2} a type with higher molecular mass of
the unglycosylated isoform (H-type)- The L-type has
been found in cattle in Italy," Japan,* and Belgium."
In Italy, 2 cattle, older (11 and [5 years) than other
bovines affected with BSE, showed an unusual
molecular phenotype. Western blot analysis showed
a PrP* type with a predominance of the mono-
glycosylated isoform and the unglycosylated isoform
fragment of lower molecular mass than usually seen
with BSE.!! The disorder was pathologically charac-
terized by the presence of PrPS-immunopositive
amyloid plaques, as opposed to the lack of amyloid
deposition in typical BSE cases, and by a different
pattern of regional distribution and topology of brain
PrP5 accumulation.!! On the basis of the above

" features, the authors proposed to name the disease

- bovine amyloidotic spongiform encephalopathy,
BASE." A Japanese case was identified in an
ELISA-positive specimen from a 23-menth-old Hol-
stein steer slaughtered in September 2003. The animal
was reportedly healthy before slaughter and histology
showed no spongiform changes and IHC revealed no
signal of PrP* accumulation typical for BSE. Western
blot analysis of brainstem homogenate revealed
a small amount of PrP% with an electrophoretic
profile differentt from that of typical BSE-associated
PrP% with 1) a lower content of the diglycosylated
molecular isoform of PrP%, 2) a faster migration of
the unglycosylated isoform of PrP*, and 3) less
resistance against PK digestion when compared with
typical BSE.>* Another case involved a 64-month-old

.Belgian cow, whose obex sample was positive' by

ELISA, and the cow was reported healthy before
slaughter. The histopathology of the obex, pons, and
midbrain showed no spongiform changes and IHC of
the brainstem revealed no signal of PrP* accumula-
tion. Western blot analysis of the obex region
revealed a small amount of PrP* with an electropho-
retic profile of the unglycosylated isoform of PrP%
showing a lower migration pattern compared with
that of a typical BSE case.

So far, the H-type has been only described in cattle
from France and Germany.’® A distinet molecular
phenotype was found in 1 German and 3 French BSE
cattle following active surveillance of the disease at
slaughterhouses or in rendering plants using rapid
BSE tests, The 3 French cases did not have clinical
signs suggestive of BSE during their life and the
German and French animals were older cattle (8-15
years old). The unusual molecular phenotype of the
German? and French® cases was characterized by
1) a higher molecular mass of the unglycosylated PrP>
isoform, 2) a strong labeling of all 3 PrP% polypep-
tides with antibody P4, and 3) the French cases by
a glycoform profile with a less prominent diglycosy-
lated PrP¥ isoform.® All of the H-type features were
also observed with US BSE case 2 (Fig. 3).

Unusual cases of BSE are an unexpected finding
since it was previously believed that BSE disease in
caftle is caused by a single strain of infectious agent,
which has been shown to be very consistent and
uniform in appearance, even after transmission to
other species.”84¢ The reports of unusual phenotypes
of BSE in cattle suggest that different PrPS® pheno-
types exist in cattle with BSE. There are several
hypotheses which can explain these findings:> 1) there
are manifestations of the BSE agent with different
molecular features in cattle. It is known that sequence
differences in the Prap gene give fise to variants in
electrophoretic profiles of PrP*, as shown in cases of
human CID,'" however, comparison of the Prmp
alleles available from caftle with unusual BSE
phenotypes (including US BSE case 2) and the
gencral cattle population have shown normal cattle
Prap sequences; 2) cattle may have been infected by
another source of infectious agent (e.g., scrapie or
CWD). However, a survey of brain material derived
from 262 high-risk, adult cattle in CWD-endemic
areas in Colorado for the presence of changes
indicative of a TSE infection was negative.? In-
terestingly, experimental infection of cattle with either
US sheep scrapie isolates'® or CWD sources™* led to
a cattle disease with clinicopathological features
different from typical BSE in cattle; 3) a rare sporadic
form of TSE disease could exist in cattle as described
for human TSEs.’® Further studies are needed fo
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determine the frequency and origin of such nove! BSE
phenotypes. Critical studies would elucidate the
transmissibility of unusual BSE cases fo cattle or
other mammalian hosts; transmission has not been
reported in the literature so far.

It is concluded from the studies reported here that
1) the PrP% profile from the first US BSE case showed
similar molecular properties to the typical PrPs
pattern described for the May 2003 Canadian and
European BSE isolates,* and 2) the PrP¥ profile
from the second US BSE case showed unusual
molecular properties similar to atypical high molec-
ular weight BSE cases reported in France and
Germany.5¢ Both cases were identified by the USDA
surveillance program in place and the carcasses did
not enter the human or animal food chain. THC
staining in brainstem sections for an unusual high
molecular BSE case is described here for the first
fime. A germline muiation as an etiological possibility
for the disease conditions of both cases can be most
likely ruled out. Future work will address the
question whether brain material from both US BSE
cases are infectious in cattle after intracerebral and
oral inoculation.
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In vitro screening using the cell-free prion protein conversion system indicated that certain redents may be
susceptible to chronjc wasting disease (CWD). Therefore, CWD isolates from mule deer, white-tailed deer, and
elk were inoculated intracerebrally into various rodent species to assess the rodents’ susceptibility and to
develop new rodent models of CWD. The species inoculated were Syrian goldén, Djungarian, Chinese, Siberian,

and Armenian hamsters, transgenic mice expressing the Syrian golden hamster prien protein, and RML Swiss -

and CS7TBL10 wild-type mice. The transgenic mice and the Syrian golden, Chinese, Siberian, and Armenian
hamsters had limited susceptibility to certain of the CWD inocula, as evidenced by incomplete attack rates and
long incubation periods. For serial passages of CWD isolates in Syrian golden hamsters, incubation periods
rapidly stabilized, with isolates having either short (85 to 89 days) or long (408 to 544 days) mean incubation
periods and distinct meuropathological patterns. In confrast, wild-type mouse sfrainsg and Djungarian ham-
sters were not susceptible to CWD, These results show that CWD can be transmitted and adapted to some
species of rodents and suggest that the cervid-derived CWD inocula may have contained or diverged info at

least two distinct fransmissible spongiform encephalopathy strains.

Chronic wasting discase {CWD) is a transmissibie spongi-
form encephalopathy (TSE), or prion disease, that affects mule
deer (Odocoilens hemionus), black-tailed deer (subspecies of
Qdocoileus hemionus), white-tailed deer (Odocoileus virginia-
nus), Rocky Mountain eik (Cervies elaphus nelsoni), and moose
(Alces alces) (17). Other TSE diseases include scrapie in sheep
and goats, transmissible mink encephalopathy (TME), bovine
spongiform encephalopathy (BSE), and Creutzfeldt-Jakob dis-
ease in humans. Some TSE diseases, such as scrapie, BSE, and
Creutzfeldt-Jakob disease, have been experimentally transmit-
ted and adapted to rodents, yielding experimental animal mod-
els that have proved useful in the study of TSE diseases (4, 10,

(’ "3). Recently, CWD was transmitted to mice transgenic for
—crvid PrP (16a, 24). Although CWD has been transmitted to
ferrets, and then from ferrets to Syrian golden (Sg) hamsters
{2), there have been no reports of direct transmissions of CWD

to any hamster species or wild-type mice (25).

An important and measurable occurrence in TSE dle.‘.aSE‘.S is
the conversion of the normal host proteinase K (PK)-sensitive
prion protein (PrP-sen) to an abnormal, disease-associated
isoform that is characteristically PK resistant (PrP-res). One in
vitro method that has been used (o assess the potential infer-
species {ransmissibility of TSE agents is a cell-free conversion
{CFC) reaction in which PrP-res from one species is tested for
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its relative efficiency in converting PrP-sen of other species'to
PrP-res (20, 23). Such CFC reactions were found in the present
study to predict the susceptibility of hamsters to CWD. Ac-
cordingly, CWD isolates were inoculated into various species
of rodents, and some species proved to be modestly suscepti-
ble. The resulting rodent-adapted CWD modeis could be use-
ful in comparative studies of TSE strains in vivo as well as for
testing potential anti-TSE therapeutic agents.

MATERIALS AND METHODS

PrP-sen ™8 Iabeling and purification. The generadion and detailed analyses of
the cervid and human PeP-sen malecules have heen doscribed previously (6, 20).
The PrP polymorphic types used in this study were as follows: etk &-GLSE and
e-GMSE (P1P amino acid residues 96, 132, 138, and 226 are designated); mad/
wd-GMNQ and mddfwd-GMSQ, which are identical in mule deer and white-railed
deer; wd-SMSQ, found only in white-tailed deer; and human, hu-M and hu-V
(residue 129 is designated). The Sg hamster PrP-sen construct lacks a glyeo-
sylphosphatidylinosital (GPI) anchor (15). The **$-PrP-sen molecules of the
various specics were immunopurificd from various cultured cell lines labeled
metabolically with [**S]methionine (EasyTag; Perkin-Elmer) (8), and each cell
line used expressed one of the PrP-sen types. In order to simplify analysis of PrP
conversion products, the 335-PrP-sen molecules were radiolabeled in the pres-
ence of 10 pg/ml runicamycin (Roche), an inhibitor of glycosylation. R521 anti-
body {Ab) (203 was used for immunoprecipitation of the various cervid #S-Prp-
sen molecules, and 3F4 mondclonal Ab {11) was used for the iuman and hamster
PrP-sen molecules,

PeP-res purification. Hamster PrP-res (ha263K) was purified from the brains
of 263K-affected Sg hamsters (21). Pri-res isolates from brainstems of CWD-
affected etk (eCWD), mule deer (mdCWDY), and white-tailed deer (wdCWD)
were the same as those used in a previous study {20) and were puritied using the
same method as that for ha263K.

CEC reactions. CFC reaction methods have been described previously (20 22)
and are suminarized here, For each CFC reaction, 250 ng of each of the purified,
nonradiolabeled PrP-res molecules isolated from brain pools (20) was incubated
with 20,000 10 30,000 cpm of each of the immunopusified »S-PrP-sen molecules.
PrP-res was pretreated with 2.0 ta 2.5 M guanidine hydrochloride at 37°Cfor 1 h,
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2dded to the 355-PrP-sen with final concentrations of 1 M guanidine-HCl, 50
mM sodium citrate, pH 6.0, 5§ mM cetylpyridinium chloride, and 1.25% Sarkosyl,
mixed, and incubated for an additional 72 h at 37°C. One-cleventh of each
reaction mix was used for the mack (ro-PK) digestion control, and the remeinder
was treated with 20 pg/ml PK for 1k at 37°C. One microliter of 0.1 M Pefabloc
{Roche} was added to each sample, and the samples were methanol precipitated,
pelleted, boiled in polyacrylamide gel clectrophoresis (PAGE) loading buffer,
and run in precast 16% sodium dodecyl sulfate PAGE (SDS-PAGE) gels (In-
vitrogen}, A Storm phosphorimager (GE Healtheare)} was used for detection,
and ImageQuant software was used to quantitate radioactive PrP bands.. The
conversion efficiency of each reaction was the percentage of input *°S-PrP-sen
(determined from the no-PK aliquot) that was cooverted to 16- to 18-kDa
PX-resistant *S-PrP bands (determined from the PK-treated aliquot).

Animals, Sp hamsters (Mesocricetus quratus) were purchssed from Harlan
Sprague Dawley, In¢. Armenian (Cricendus nigratorious), Chinese (Cricetulus
griseus), Djungarian (Phodopus campbellf), and Siberian (Phodopus sungonus)
bamsters and RML Swiss mice and Tg (b2PrP) mice (“Sg hamsterized;” also
called Tg7-haPrPimoPrP '~ mice) (18) were bred at NIAID/Rocky Mountain
Laboratories (RML). C57BL10 mice were purchased from Jackson Laboratory.
" Protocols for using znimals in these studics were reviewed and approved by the
NIAID/RML Animal Care 2nd Use Committee and complied with refevant NIIJ
guidelines. Animals were housed at NIAID/RML facilities accredited by AAALAC
International. .

CWD primary inocula. New suppiies and aseptic technique were used for the
following preparations to minimize the potential for contamination from any
other TSE source. In addition, inoculations for these experiments were done
separately from any other TSE work. For each of the individual brain inocula
used (see Fig. 3A), the brainsterns of a CWD-affected elk, mule deer, and
white-tailed deer were removed. The brainstems were confirmed to be CWD

positive by histology and immunoblot analysis of PIP“™P, and homogenates _

were inoculated into Sg hamsters and RML and Tg (haP1P) mice. Bach of the
CWD brain pools used (see Fig. 3B) has been described previously and contains
heterogenenus genotypes (20). Brain pool-derived homogenates were inoculated
into Sg, Djungarian, Chinese, and Armenian hamsters and C57BL10 mice. For
each of the inocula, 10% brain komogenates in Dulbeceo’s phosphate-buffered
saline (DPBS; Invitrogen) were made using a separate, new Dounce (Wheaton)
homogenizer. Suspensions were sonicated for 5 min at maximum power (Heat
Systems-)irasonics), diluted (0 1% in DPBS, aod inoculated intracerebrally
(ic; 0.05 ml per animal),

Second- and third-passage inocula. For the second passage, each brain from
rodents inoculated with the individual anfmal ptimary inoculs 2nd suspected of
being TSE positive by progressive signs of neurclogical disease was excised using
new tools and divided sagintally, Half of each brain was used for immumahisto-
chemical analysis (described below). A 20% homogenate was made from the
other half in DPBS, using new disposable plastic pestles and microtubes (Kon-
tes). A portion of this homogenate was used {or Prf-res detection on immuno-
blots (see below), and another poriion was diluted to 1%, with 0.05 ml jnoculated
i.¢. inta each animal as outlined in Fig, 3, The CWD brzin pools from elk, mule
deer, and white-tailed deer were passaged only once.

Immunoblot analysis of PrP-res from brain tissue. Aliquots (0.1 ml) of 2%
Triton X-100, 2% sodium deoxycholate, 0.2 M Tris-HC, pH 8.3 (a1 22°C), 03 M
NaCl, and 0.01 M BDTA were added fo 0.1-ml aliquots of the 20% brain
hemogenates described above, After incubation for 60 min at 22°C, the samples
were pliced on ice and sonicated in a cup hom at maximum power for 1 min.
After centrifugation at 2,500 X g for 10 min at 4°C, the tubes were inverted three
times to resuspend the softer portions of the pelleted material. The resulting

supernatant suspensions, incleding all but the hardest parts of the pellets, were -

removed, and aliquots were saved at —20°C. A 15-pl aliquot of each suspension
was digested by adding PK to 50 pg/m! and was incubated at 37°C for 60 min.
Oune microliter of 0.1 M Pefabloc (Roche) was added, and the sample was held
on ice for 5 min, folfowed by the addition of 25 pl of 2X PAGE loading bufier
. with 50 mM dithiothreitol and boiling for 5 min. Ten microliters of 0.25 M
iodoacetamide (Sigme} was then added and incubated at 37°C for 10 min. A
10-u! aliquot of each sample was subjected to electrophoresis on 10% NuPAGE
bis-Tris gels, using morpholinesthanesulfonic acid (MES) munning buffer (Tn-
vitrogen). Proteins were transfermed to Immobilen-P {Millipore) membranes by
semidry electroblotting. Membranes were immunostained using the following
primary Abs (as described in references 20 and 22): monoclonal Ab 3F4 {11),
rabbit antiserum 505 (against sheep peptide residues 100 to 111 [20]; generously
provided by J. Langeveld, CIDC-Lelystad, The Netherlands}), and rabbit anti-
serum R0 {against Sg hamster P12 residues 89 to 103) (9). The immunoblot was
incubated with either alkaline phosphatase-conjugated anti-mouse or aatf-rabbit
intmunoglobulin G (IgG; Zymed) secondary Ab, developed using AttoPhos
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FIG. 1.-CFC reactions of various species’ PrP-sen molecules in-
duced by PrP-res. PrP-res isolated from either Sg hamsters (ha; lane 1
of each panel) or CWD-affected elk (fs CWD; ianes 2 to 9) was
incubated with various immunopurified “’S—PrP-sen molecules, iden-
tified at the tops of the lanes. (A} Aliquots {1/11) of each reaction mix
that were not PK treated. The PrP-sen bands (bracketed; 22 to 26 kiDa)
were not glycosylated, as explained in Results. (B) Remaining portion
of each reaction mix, treated with PK, resulting in the radiolabeled
PrP-sen molecules being converted to PK-resistant PrP bands (PrP-res
bracket; 16 to 18 kiDa). (C) Parallel set of PK-digested reaction mixes
incubated without PrP#res. The following PrP-sen molecules {descrip-
tions are given in reference 20) were used in the conversion reactions:
cervid PrP polymorphic types present in elk {e-GLSE and e-GMSE;
lanes 5 and 6), PrP types present in mule deer and white-tailed deer
(mdfwd-GMNQ and md/wd-GMSQ; fanes 7 and 8} or white-tailed
deer only {wd-SMSQ; lane 9), human Met/Met {hu-M; tane 3) and
human ValfVal (hi-V; lane 4} PrP (amino acid residue 129 is given),
and Sg hamster PrP lacking the GPI anchor {lanes 1 and 2; haGPI-).
The mdfwd GMNQ (lane 7) has recently been shown to be only the
predicted translation product of an unexpressed pseudogene in deer
(6). All data except those using hamster PrP molecules were previously
published {20) and are shown here only to compare interspecies con-
version eficiencies. The hamster conversion reactions were done at the
same tifne as the other conversion reactions, using identical PiP-res
isolates. The migration of molecular mass standards, in kilodaltons, is
shown to the right of each panel.

(Promega) substrate, and scanned using a Storm fluoreseence detection instru-
ment (GE Healthcare).

Immunohistechemical agalyses. Brains were excised from PBS-perfused ani-
mals and divided sagittally, One-half was fixed in 3.7% phosphate-buffered form-
aldehyde for 3 to 5 days prior fo routine dehydration and paraffin embedded.
Sections were cut 4 to 6 pm thick and placed onto charged micrascope slides.
The remaining half was not fixed and was used for the biochemical analyses and
serial passages described above, A Ventana NesES automated stainer was used
for immunchistochemical staining of the sections. For PrP analysis, slides were
departaffinized, rehydrated with 0.1 mM citrate puffer, pH 6.0, and pretreated {or
20 min at 120°C, using 2 decloaking chamber {Biocare}, Using standard avidis-
biotin technique ($2), 3F4 was difuted [:50, followed by biotinylaied horse
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