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There are two distinct subtypes of dura mater graft-associated Creutzfeldt–Jakob disease (dCJD) with methionine
homozygosity at codon 129 of the PRNP gene. The majority of cases is represented by a non-plaque-type (np-dCJD)
resembling sporadic CJD (sCJD)-MM1 or -MV1, while the minority by a plaque-type (p-dCJD). p-dCJD shows distinctive
phenotypic features, namely numerous kuru plaques and an abnormal isoform of prion protein (PrPSc) intermediate in size
between types 1 and 2. Transmission studies have shown that the unusual phenotypic features of p-dCJD are linked to the
V2 prion strain that is associated with sCJD subtypes VV2 or -MV2. In this study, we applied protein misfolding cyclic
amplification (PMCA) using recombinant human prion protein as a substrate and demonstrated that p-dCJD prions show
amplification features that are distinct from those of np-dCJD. Although no amplification of np-dCJD prions was observed
with either 129 M or 129 V substrate, p-dCJD prions were drastically amplified with the 129 V substrates, despite the
PRNP codon 129 incompatibility between seed and substrate. Moreover, by using a type 2 PrPSc-specific antibody not
recognizing PrPSc in p-dCJD, we found that type 2 products are generated de novo from p-dCJD prions during PMCA
with the 129 V substrates. These findings suggest that our cell-PMCA is a useful tool for easily and rapidly identifying
acquired CJD associated with the transmission of the V2 CJD strain to codon 129 methionine homozygotes, based on
the preference for the 129 V substrate and the type of the amplified products.
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Creutzfeldt–Jakob disease (CJD) is a fatal neurodegenerative
disease. The large majority of CJD cases are thought to be
caused by a spontaneous conformational change of the
normal monomeric isoform of the prion protein (PrPC) into
an abnormal isoform (PrPSc), as in sporadic CJD (sCJD) or
genetic/familial CJD. On the other hand CJD can also be
acquired through PrPSc infection, as in variant CJD or
iatrogenic CJD (iCJD). The wide heterogeneity of sCJD
clinico-pathological phenotypes depends on both the geno-
type (methionine (M) or valine (V)) at the polymorphic
codon 129 of the PRNP gene and the type (1 or 2) of
PrPSc accumulating in the brain.1 Type 1 and type 2 can be
distinguished according to the size of the proteinase
K-resistant core of the protein (21 and 19 kDa, respectively)
on western blots. Based on the polymorphism at codon 129 of

the PRNP gene and the type of PrPSc, sCJD patients are
classified into six major subtypes: MM1/MV1, MM2 cortical,
MM2 thalamic, VV1, VV2, and MV2.1

iCJD is caused by the transmission of prions via cadaveric
pituitary hormones, dura mater, and corneal grafts, or
contaminated neurosurgical instruments. Many cases of dura
mater graft-associated CJD (dCJD) have been reported in
Japan.2–4 There are two distinct phenotypes in dCJD with
methionine homozygosity at codon 129. The first is a major
group represented by a non-plaque-type dCJD (np-dCJD),
the second a minor group represented by a plaque-type dCJD
(p-dCJD).5–7 np-dCJD shares phenotypic characteristics
such as diffuse synaptic-PrP deposition and type 1 PrPSc with
sCJD-MM1 or -MV1, the most common sCJD phenotype
(denoted as M1 strain in transmission studies).4,8 In contrast,
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p-dCJD is characterized by unusual phenotypic features such
as the presence of numerous kuru plaques and a unique PrPSc

type with an electrophoretic mobility of about 20 kDa, which
is intermediate in size between types 1 and 2 (type i PrPSc).9

We previously demonstrated that the transmission proper-
ties of p-dCJD prions resemble those of sCJD-VV2 or -MV2
prions and, in particular, that the transmission of sCJD-VV2
prions to humanized knock-in mice carrying the 129MM
genotype produce type i PrPSc and kuru plaques, indicating
that this subtype of dCJD is caused by cross-sequential
transmission of sCJD-VV2 or -MV2 (denoted as V2 strain),8

the second most common CJD strain, to individuals with
codon 129 methionine homozygosity.9–11 Interestingly, type i
PrPSc and kuru plaques in patients homozygous for
methionine at codon 129 have only been observed in
acquired prion diseases, especially in p-dCJD.9,12–15

A correct diagnosis and classification of cases is of critical
importance for CJD surveillance centers worldwide aiming to
identify potentially new disease forms or risk factors.
Although PrPSc typing may be considered a tool for identifi-
cation of the CJD etiology (eg, sporadic vs acquired) when no
reliable evidence of CJD infection is available from clinical
records, it is rather difficult to differentiate type i from type 1
PrPSc in routine western blot analysis due to the subtle
differences in their electrophoretic mobility. In a transmission
study with knock-in humanized mice, we have recently
demonstrated, for example, that two cases with atypical CJD-
MM with plaques, reported as sCJD in the literature, were
actually acquired CJD cases caused by the V2 strain.16

Therefore, the most reliable current approach to identify
acquired CJD is to carry out expensive and time-consuming
experimental transmission studies. Under these circum-
stances, this study was undertaken to establish a new, rapid,
and reliable method for the differentiation of acquired CJD
from sCJD with PMCA using cell lysates containing
exogenously expressed human PrPC as a substrate (denoted
as cell-PMCA).17 We investigated the relative amplification
efficiency of PrPSc and characterized PrPSc amplified products
in patients with p-dCJD, np-dCJD, and sCJD. Based on the
results obtained, we propose that p-dCJD (V2 strain) can be
reliably distinguished from np-dCJD (M1 strain) according to
distinctive amplification properties.

MATERIALS AND METHODS
Ethic Statement and Brain Tissues
Brain tissues were obtained at autopsy after receiving written
informed consent for research use. For each selected case, the
results of PrPSc immunohistochemistry, PRNP sequence
analysis, and PrPSc typing by western blotting were available
in addition to clinical and histopathological data.18–20 Brain
homogenates were prepared from dCJD (np-dCJD or
p-dCJD) cases with MM at codon 129, five different sCJD
subtypes (MM1, MM2, MV1, MV2, or VV2), two atypical
CJD-MM cases with plaques, and nine non CJD controls.
Atypical CJD case #1 was a patient who had a medical history

of neurosurgery without dura mater grafting, and case #2 was
a neurosurgeon. Details about the clinico-pathological and
molecular features, including transmission properties of the
two atypical sCJD-MM cases with plaques were previously
described.16,21–23 Brains were homogenized at 10% (w/v) in
PMCA buffer (50 mM Phosphate buffer (pH 6.8) containing
4 mM ethylenediaminetetraacetic acid (EDTA), 80 mM NaCl,
1.0% Nonidet P-40, and Complete Protease Inhibitor Cock-
tail (Roche)) and stored at − 80 °C in small aliquots.

Preparation of Substrates
FreeStyle 293F cell (Invitrogen) lysates were used as substrate
for cell-PMCA of human prions. Twenty percent (w/v) lysates
from a cell line stably expressing human PrPC with
methionine at codon 129 were prepared as described
previously,17 with some modifications. Cells were homo-
genized at 20% (w/v) in PMCA buffer and stored at − 80 °C in
small aliquots. For cells expressing human PrPC with valine at
codon 129, a cDNA for chimeric mouse-human PrP with
129 V was constructed as described.24 Since 293F cells
endogenously express detectable levels of human 129MPrPC,
to minimize the effects of simultaneous expression of both
129MPrPC and 129VPrPC, we prepared a human 129MPrPC

cell line by RNA interference-mediated knockdown using
short hairpin RNA (shRNA). To target the 5′ untranslated
region of human PRNP mRNA (5′-GGACTTAGTGCAA
CAGGTT-3′), a shRNA expression vector was designed. A
double-stranded DNA oligonucleotide encoding the chosen
shRNA with the sense (5′-GATCCGGACTTAGTGCAACAC
CTTTAGTGCTCCTGGTTGAACCTGTTGCACTAAGTCCT
TTTTTA-3′) and antisense sequences (5′-AGCTTAAAAAA
GGACTTAGTGCAACAGGTTCAACCAGGAGCACTAAACC
TGTTGCACTAAGTCCG -3′) was cloned into the expression
vector pBAsi-hUp pur (Takara bio Inc, Japan) after digestion
with BamHI and XhoI. The generated plasmids were
linearized with ScaI (Takara) and transfected into 293F cells
using Lipofectamine 2000 transfection reagent (Invitrogen),
according to the manufacturer’s instruction. Cells expressing
the lowest levels of PRNP mRNA were selected by real-time
PCR, and maintained in Freestyle293 expression medium
(Gibco) supplemented with puromycin. The levels of
endogenous expression of either PRNP mRNA or PrPC in
the knockdown cells were reduced by 90% or 95%, respec-
tively. Twenty percent (w/v) lysates of 129MPrPC knockdown
cell line stably expressing human 129 V- PrPC were prepared
as described above. Human 129M- or 129 V- PrPC concen-
tration in the each of the two 20% (w/v) cell lysates was 5–10
times higher than the concentration of human PrPC in 10%
(w/v) brain homogenates from knock-in humanized mice.
Cell lysates were stored at − 80 °C in small aliquots until use.

Estimation of PrPSc Levels in Brain Homogenates
After partial purification with collagenase digestion
and Sarkosyl-NaCl extraction, samples were run in 12%
Mini-PROTEAN TGX Precast Gels (Bio-Rad Laboratories),
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together with an internal positive control with optimal signal
intensity, and probed with the primary antibody 3F4
(Signet).25 Undiluted and 10-fold diluted brain samples were
loaded together with 10 μl of the control. Western blot signal
intensities were measured by densitometry using the Quantity
One software and the imaging device VersaDoc 5000
(Bio-Rad Laboratories). The relative concentration of PrPres

in each brain homogenate was expressed by the dilution
factor needed to equalize the signal intensity of PrPres between
the examined samples and the positive control.

Cell-PMCA
Cell-PMCA was performed as previously described,17 with
some modifications. For amplification of CJD prions, brain
homogenates were combined with the cell lysates, expressing
human PrPC carrying either M or V at codon 129, in a
0.1-ml-thin-walled PCR tube. Mixtures were then subjected
to rounds of PMCA up to a 10� 4 fold dilution (eg, 100, 1000,
10.000 times) using the cell lysate as the diluent. Since the
amount of PrPSc accumulated in each brain was extremely
variable, brain homogenates were subjected to PMCA
reaction after serial dilution in cell lysates without adjusting
the amounts of the PrPSc seed. Each PMCA round comprised
48 cycles of sonication (5 pulses of 5 s with 1-s rest) and
agitation (1 h at 37 °C) and was carried out using a fully
automatic cross-ultrasonic protein activating apparatus
(ELESTEIN 070-GOT, Elekon Science, Japan).

Proteinase K Digestion and Western Blotting Analysis
Either before or after PMCA, samples were digested with
50 μg/ml proteinase K at 37 °C for 60 min. The digested
samples were subjected to SDS-PAGE and western blot
analysis. Anti-PrP monoclonal antibody 3F4 or type 2 PrPSc-
specific polyclonal antibody (designated as Tohoku 2 (T2))10

was used as primary antibodies. Anti-rabbit EnVision+ or
anti-mouse EnVision+ (Dako) were used as secondary
antibodies. Enhanced chemiluminescence (GE Healthcare)
was used to visualize the immunoreactivity. Signal intensities
at the optimal exposure time were quantified by densitometry
using a CCD camera and the imaging device VersaDoc 5000.
Amplification factors were obtained by measuring western
blot signals of amplified PrPSc/seeded PrPSc.

RESULTS
Western blot profiles of PrPres from representative CJD brain
homogenates that were used as seeds for cell-PMCA are
shown in Figure 1. It was difficult to recognize subtle mobility
differences in the non-glycosylated forms between type 1- and
type i-PrPres using 15% SDS-PAGE mini gels (Figure 1, lane 3
and 6). Furthermore, as expected, PrPSc type 2-specific
antibody (T2) revealed a specific signal in both sCJD-VV2
and -MV2 cases (Figure 1, lane 4 and 8), while it did not
recognize PrPSc in both np-dCJD and p-dCJD (Figure 1, lane
2, 3, 6 and 7).

We applied cell-PMCA using recombinant human
129MPrPC or 129VPrPC as a substrate to compare the
relative amplification efficiency of PrPSc among 114 CJD
patients. The calculated amplification factors for each CJD
case are summarized in Table 1 and Supplementary Table 1,
and representative western blots are shown in Figure 2. No
significant signal of the amplified products was observed
using either sCJD-MM1 or -MM2 prions as seed, irrespective
of whether the genotype at codon 129 of the substrate was M
or V (Figure 2a, upper panel and Supplementary Table 1). In
contrast, PrPSc signals from sCJD-VV2 and -MV2 prions were
significantly amplified, up to a 10� 3-folds dilution, although
only with the 129 V substrate (Figure 2e, upper panels).
Overall, these results demonstrate that, in the tested PMCA
conditions, the V2 strain is amplified more efficiently than the
M1 or M2 strains, and that the valine genotype at codon 129
makes the substrate more susceptible to conversion by the
V2 strain.

Likewise no efficient amplification of the sCJD-MM1
prions was observed in the nine cases of np-dCJD regardless
of whether the codon 129 genotype of substrate was M or V,
suggesting that the seeding activity of np-dCJD prions
matches that of sCJD-MM1 prions (Figure 2a, upper panel).
In contrast, PrPSc from p-dCJD cases was strongly amplified
in the presence of 129 V substrate despite the mismatched
codon 129 genotype between the seed and substrate
(Figure 2c, upper panel), indicating that p-dCJD prions, like
sCJD-VV2 or -MV2 prions, have a clear preference for the
129 V genotype.

There was a significant variability in the amplification
factor among p-dCJD cases (Table 1), which might reflect an
heterogeneity in the PrPSc content among brain homogenates
used as seed. Amplification products were detected up to a
10� 3-fold dilution in all cases, and up to a 10� 4-fold dilution

Figure 1 Western blot analysis of PrPres in the brain homogenate seeded
for cell-PMCA. Ten percent (w/v) CJD brain homogenates were digested
with proteinase K (50 μg/ml at 37 °C for 60 min). Anti-PrP monoclonal
antibody 3F4 (upper panel) or type 2 PrPSc-specific polyclonal antibody
(T2) (lower panel) was used as the primary antibody to detect PrPres.
Numbers show the molecular size standards (kDa). CJD, Creutzfeldt–Jakob
disease; np-dCJD, non-plaque-type CJD; p-dCJD, plaque-type CJD; PMCA,
protein misfolding cyclic amplification; sCJD, sporadic CJD.
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Table 1 Amplification factors of PrPSc in each of the brain homogenates from the patients with CJD in cell-PMCA

Amplification factor, mean value ± s.d. Relative amount of the PrPScseed (dilution factor)

PRNP codon 129 of substrate

M V

Dilution 1:100 1:1000 1:10 000 1:100 1:1000 1:10 000

CJD (n= 114)

sCJD

MM1(n= 77) o2 o2 o2 o2 o2 o2

MM2 (n= 10) o2 o2 o2 o2 o2 o2

MV1 (n= 1) o2 o2 o2 o2 o2 o2

MV2K (n= 3)

MV2 case #1 2.6 (±0.1) 2.1 (±0.3) o2 47.6 (±2.2) 42.0 (±29.5) o2 30

MV2 case #2 6.7 (±6.5) o2 o2 34.7 (±4.1) 95.9 (±0.1) 16.0 (±1.0) 16

MV2 case #3 3.5 (±0.4) o2 o2 45.6 (±8.6) o2 o2 3

VV2 (n= 1) o2 o2 o2 42.5 (±6.5) 206.7 (±31.0) o2 9

dCJD

np-dCJD (n = 9)

np-dCJD case #1 o2 o2 o2 o2 o2 o2 30

np-dCJD case #2 o2 o2 o2 o2 o2 o2 38

np-dCJD case #3 o2 o2 o2 o2 o2 o2 16

np-dCJD case #4 o2 o2 o2 o2 o2 o2 15

np-dCJD case #5 o2 o2 o2 o2 4.3 (±3.1) o2 63

np-dCJD case #6 2.1 (±0.8) o2 o2 2.5 (±0.3) 2.2 (±0.8) o2 4

np-dCJD case #7 o2 o2 o2 o2 o2 o2 40

np-dCJD case #8 o2 o2 o2 o2 o2 o2 9

np-dCJD case #9 o2 o2 o2 o2 o2 o2 22

p-dCJD (n = 11)

p-dCJD case #1 o2 o2 o2 19.1 (±2.7) 128.7 (±60.5) 174.9 (±209.1) 47

p-dCJD case #2 o2 o2 o2 154.2 (±29.5) 71.9 (±47.5) o2 1

p-dCJD case #3 o2 3.4 (±0.9) o2 6.6 (±0.4) 20.2 (±26.7) 307.8 (±73.0) 53

p-dCJD case #4 8.7 (±2.2) o2 o2 11.3 (±10.2) 8.5 (±3.1) o2 3

p-dCJD case #5 7.6 (±0.8) 3.1 (±0.5) o2 100.3 (±7.5) 57.0 (±18.8) o2 6

p-dCJD case #6 2.1 (±0.5) 4.3 (±2.3) o2 3.5 (±1.0) 95.5 (±20.7) 92.0 (±62.9) 90

p-dCJD case #7 o2 2.9 (±4.1) o2 36.0 (±18.0) 35.3 (±15.4) o2 1

p-dCJD case #8 4.5 (±0.1) o2 o2 38.4 (±2.2) 41.7 (±21.2) 3.2 (±0.6) 4

p-dCJD case #9 o2 o2 o2 5.3 (±1.0) 18.0 (±1.2) 3.5 (±1.2) 35

p-dCJD case #10 o2 o2 o2 49.3 (±3.6) 18.6 (±2.6) o2 6

p-dCJD case #11 o2 o2 o2 61.4 (±13.2) 9.1 (±8.7) o2 5

Atypical CJD-MM with plaques

Case #1a o2 o2 o2 161.0 (±27.4) 82.7 (±57.5) o2 2

Case #2a 2.7 (±0.3) o2 o2 28.8 (±2.3) 36.8 (±8.7) o2 29

Non CJD (n= 9) o2 o2 o2 o2 o2 o2

aDetails of the atypical CJD-MM cases with plaques have been reported elsewhere.21–23

Mean values of amplification factor for sCJD-MV2, VV2, np-dCJD, or p-dCJD brain were obtained from experiments performed at least three times.
The amplification factors were obtained by amplified PrPSc/seeded PrPSc in western blots using anti-PrP monoclonal antibody 3F4 as primary antibody.
No amplification or no detection of seeded PrPSc signals was represented by ‘o2’.
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in some cases showing a relatively high PrPSc content in the
undiluted homogenate. In the latter group, the calculated
amplification factors at a 10� 2-fold dilution were likely
overestimated due to the excess of PrPSc in the seeded brain
homogenate (Table 1, p-dCJD case #3, #6, or #9).

As next step, we characterized the PMCA products using
the T2 antibody. While no amplifications were detected with
either sCJD-MM1, MM2, or np-dCJD prions (Figures 2a and
b, lower panel), amplified products strongly reacting with T2
were detected in all sCJD-VV2 or -MV2 prions seeded with

Figure 2 Western blot analysis of cell-PMCA products. PrPSc in the brain homogenates from patients with np-dCJD (a), sCJD-MM1 or -MM2C (b),
p-dCJD (c), atypical CJD-MM with plaques (d) and sCJD-VV2 or -MV2K (e) were amplified with substrate lysates prepared from 293F cells stably
expressing human 129MPrPC or human 129VPrPC. Ten-fold serial dilutions of CJD brain homogenates were seeded into the substrates, and aliquots were
immediately stored at − 80 °C (no PMCA) or subjected to 48 cycles of PMCA. Either before or after, the PMCA samples were treated with proteinase K
(50 μg/ml at 37 °C for 60 min) and subjected to western blotting using the anti-PrP monoclonal antibody 3F4 (upper panel) or the type 2 PrPSc-specific
polyclonal antibody T2 (lower panel). Signals with the T2 antibody in 10� 2-fold dilutions of sCJD-VV2 or -MV2 prions in the 129M substrates (e, lower
panel) might be the original type 2 PrPSc in the brain homogenates seeded. Each of the results was typical of experiments performed at least two or
three times. Numbers show the molecular size standards (kDa). CJD, Creutzfeldt–Jakob disease; np-dCJD, non-plaque-type CJD; p-dCJD, plaque-type CJD;
PMCA, protein misfolding cyclic amplification; sCJD, sporadic CJD.
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the 129 V substrate (Figure 2e, lower panel). Interestingly, a
strong T2-reactive signal was also observed in all amplified
products obtained using p-dCJD as seed and the 129 V-PrP as
substrate, despite the original PrPSc in p-dCJD being not
recognized by T2 (Figure 2c, lower panel). Furthermore, no
T2-reactive PMCA product was detected with the 129M
substrate. Taken together, these results clearly show that the
amplification characteristics of p-dCJD prions fully differ
from those of np-dCJD prions, and rather match those of
sCJD-VV2 or -MV2 prions, ie, strong amplification with the
129 V substrate and the generation of type 2 PrPSc products.

We then analyzed the seeding activity and amplified
products of two cases affected by atypical CJD-129MM with
plaques.21–23 Both cases showed abundant kuru plaques and
type i PrPSc and preferentially transmitted to humanized
129 V/V mice resulting in the accumulation of type 2 PrPSc

accumulation in the recipient animals.16 While the PrPSc from
both cases did not amplify at all with the 129 M substrates
despite the matched codon 129 genotypes, a very efficient
amplification was seen with the 129 V substrate (Figure 2d,
upper panel). Consistently, a strong PrP signal, also
recognized by the T2 antibody (Figure 2d, lower panel), was
detected up to a 10� 3-fold dilution in both cases (Figure 2d,
upper panel).

DISCUSSION
We have demonstrated that p-dCJD prions differ from
np-dCJD prions in their PMCA properties, namely the
preference for the 129 V substrate and the type of generated
amplified products. Indeed, np-dCJD prions were not
amplified in our current cell-PMCA system irrespective of
codon 129 genotype of the substrates, whereas p-dCJD prions
were consistently amplified with the 129 V substrates despite
the PRNP codon 129 genotypic incompatibility between seed
and substrate. Moreover, the amplified products from the
p-dCJD prions with the 129 V substrates were similarly
reactive with the PrPSc type 2-specific antibody as those
generated by sCJD-VV2 prions, despite the PrPSc in the
original p-dCJD homogenate being not reactive.

We previously reported that intermediate type PrPSc with a
downward size shift from type 1 and kuru plaques in p-dCJD
were phenotypic features associated with the cross-sequential
transmission of the V2 sCJD strain to individuals with the
codon 129 MM genotype.9–11,14 Hence, given the transmis-
sion properties of p-dCJD prions, it is conceivable that
p-dCJD prions exhibit cell-PMCA amplification properties
similar to those of other CJD subtypes associated with the V2
strain. Although the amplification factors varied among the
p-dCJD cases because of the variability in PrPSc amount in the
seeded brain homogenates, all p-dCJD cases were amplified
up to a 10� 3-fold dilution with the 129 V substrates.

To test the specificity of cell-PMCA as a new tool to
differentiate between the acquired CJD derived from V2
strain and sCJD associated with M1 strain, we also performed
cell-PMCA in two atypical CJD-129MM cases with plaques.

Although direct evidence of exposure to prion-contaminated
brain tissues or surgical instruments was not obtained from
the available clinical records of these patients, a transmission
study has revealed that the two cases might actually be
acquired CJD caused by infection with the V2 sCJD strain.16

In transmission experiments, the two atypical CJD cases
exhibited the same properties as p-dCJD prions. Consistent
with the results of transmission studies, both atypical CJD
cases showed amplification properties identical to those of
p-dCJD prions. These findings indicate that acquired CJD
derived from the V2 strain can be easily identified by
analyzing the characteristic amplification properties, ie, strong
amplification with the 129 V substrate and generation of type
2 amplified products in cell-PMCA.

Transmission studies using knock-in humanized mice are a
powerful tool to identify the causative origin of acquired
prion diseases.11,16,26 However, they require an incubation
period of over 2 years to yield significant results. Instead, cell-
PMCA will help us to rapidly find out acquired CJD
associated with the V2 strain within just a week, even without
definitive evidence of contact with prion-contaminated
tissues.

Except for variant CJD prions,17,27 human prions have not
been efficiently amplified by PMCA,27 whereas some animal
prions such as those derived from hamster scrapie,28,29,30

bovine spongiform encephalopathy,31 or chronic wasting
disease32,33 can be efficiently amplified. The compatibility of
the genotype at codon 129 between the seed and substrate is
one of the most important factors for the efficient amplifica-
tion of human prions.34 However, in the present study the
amplification of the M1 or M2 CJD strains failed even with
the matching 129 M substrate. This might be due to
inadequate PMCA buffer conditions (50 mM phosphate
buffer (pH 6.8), 1% (v/v) Nonidet-P-40, 4 mM EDTA,
80 mM NaCl and complete PI), ineffective duration, or
strength of sonication (five pulses of 5 s with 1-s rest) in our
PMCA apparatus. Thus, although PMCA has not yet been put
into practical use as an ultrasensitive assay for the detection of
the whole spectrum of human prions, we propose cell-PMCA
as a rapid diagnostic method for identifying acquired CJD
associated with the V2 strain. To avoid the potential risk of
CJD transmission via unidentified routes, further surveillance
of acquired CJD cases using cell-PMCA, in addition to careful
analyses of the phenotypic features of the patients, is needed.

Supplementary Information accompanies the paper on the Laboratory
Investigation website (http://www.laboratoryinvestigation.org)
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