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Abstract

Human prion diseases are fatal neurodegenerative disorders associated with an accumulation of PrPSc in the central nervous
system (CNS). Of the human prion diseases, sporadic Creutzfeldt-Jakob disease (sCJD), which has no known origin, is the
most common form while variant CJD (vCJD) is an acquired human prion disease reported to differ from other human prion
diseases in its neurological, neuropathological, and biochemical phenotype. Peripheral tissue involvement in prion disease,
as judged by PrPSc accumulation in the tonsil, spleen, and lymph node has been reported in vCJD as well as several animal
models of prion diseases. However, this distribution of PrPSc has not been consistently reported for sCJD. We reexamined
CNS and non-CNS tissue distribution and levels of PrPSc in both sCJD and vCJD. Using a sensitive immunoassay, termed
SOFIA, we also assessed PrPSc levels in human body fluids from sCJD as well as in vCJD-infected humanized transgenic mice
(Tg666). Unexpectedly, the levels of PrPSc in non-CNS human tissues (spleens, lymph nodes, tonsils) from both sCJD and
vCJD did not differ significantly and, as expected, were several logs lower than in the brain. Using protein misfolding cyclic
amplification (PMCA) followed by SOFIA, PrPSc was detected in cerebrospinal fluid (CSF), but not in urine or blood, in sCJD
patients. In addition, using PMCA and SOFIA, we demonstrated that blood from vCJD-infected Tg666 mice showing clinical
disease contained prion disease-associated seeding activity although the data was not statistically significant likely due to
the limited number of samples examined. These studies provide a comparison of PrPSc in sCJD vs. vCJD as well as analysis of
body fluids. Further, these studies also provide circumstantial evidence that in human prion diseases, as in the animal prion
diseases, a direct comparison and intraspecies correlation cannot be made between the levels of PrPSc and infectivity.
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Introduction

Prion diseases are a group of fatal neurodegenerative disorders

that affect both animals and humans. Included are Creutzfeldt-

Jakob disease (CJD) in humans, bovine spongiform encephalop-

athy (BSE, or ‘‘mad cow disease’’) in cattle which was first reported

in the United Kingdom in 1986, chronic wasting disease (CWD) in

mule deer and elk, and scrapie in sheep. Of the various forms of

CJD, sporadic CJD (sCJD) is the most common but has unknown

etiology while the variant form (vCJD) is related to eating meat

tainted with BSE. Human and animal prion diseases all have long

presymptomatic incubation periods but are typically rapidly

progressive once clinical symptoms begin. Prion diseases are

associated with conversion of the native, a-helix-rich cellular prion

protein (PrPC) into an aberrantly folded b-pleated-enriched

isoform (PrPSc) that has a tendency to aggregate and accumulate

[1]. Although prion infectivity is most readily isolated from the

CNS, PrPC is widely distributed in extraneuronal tissues, especially

in patients with vCJD [2–4]. In blood, for instance, PrPC is mainly

found in the soluble plasma fraction, but is also found on white

blood cells (WBCs) as well as platelets [5]. The expression of PrPC

on follicular dendritic cells in secondary lymphoid organs is

required for prion transmission through peripheral routes of

inoculation [6–8]. Experimental inoculations and subsequent

passages in animal models, such as mice, hamsters, sheep, elk,

and macaques, have shown variable levels of prion infectivity in

tissues, such as spleen and muscle, as well as in plasma and buffy

coat WBC [9]. The level of infectivity in blood is estimated to be

lower than 100 infectious units per ml in mice inoculated with

mouse-adapted human infectious agent, orders of magnitude

lower than that in the brain [10–11].

CJD is the predominant human prion disease. CJD can be

divided into classical and variant forms. Classical CJD exists as

either a familial (fCJD), sporadic (sCJD), or iatrogenic (iCJD) form.

Variant Creutzfeldt-Jakob disease (vCJD) was first described in the

United Kingdom in 1996 and has been linked to exposure to meat

from BSE affected cattle.

Recently, several cases of prion transmission were reported in

the UK. These patients contracted CJD years after having

received non-leukodepleted blood products from asymptomatic

donors who were later diagnosed with vCJD [12–14]. These

incidences have ignited debate over the presence of prion

infectivity in blood and highlighted the urgent need to develop

an antemortem blood test to identify presymptomatic CJD cases

and to safeguard the blood supply. Several biological markers have

been proposed, but the presence of PrPSc remains the only reliable

and specific indicator of prion diseases.
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There is currently no single pre-mortem diagnostic test for

classical or vCJD. A definitive confirmation of CJD diagnosis is by

brain biopsy or autopsy for detection of: PrPSc by Western

blotting, scrapie-associated fibrils by negative stain electron

microscopy, or the presence of PrPSc-containing amyloid plaques

by immunohistochemistry. A diagnosis of probable, classical CJD

can be made by observing EEG patterns (periodic sharp wave

complexes), a positive 14-3-3 cerebrospinal fluid (CSF) assay, and

high signal abnormalities in magnetic resonance imaging (MRI) of

the caudate nucleus and/or putamen on diffusion-weighted

imaging or fluid attenuated inversion recovery. A differential

diagnosis of fCJD requires genetic testing for mutations in the PrP

gene. In the case of vCJD, EEGs and CSF are not as useful as in

classical CJD. A positive result using a CSF 14-3-3 protein assay

and measurement of CSF tau protein may be indicative of patients

with vCJD [15–16]. For vCJD, MRI scans have been informative

as well as detection of PrPSc in tonsils. All of these tests have

limited utility for confirmatory antemortem diagnosis and lack

sufficient sensitivity and specificity. In the CSF 14-3-3, tau and

S100b proteins are useful diagnostic markers of sCJD, although

CSF tau showed better overall diagnostic accuracy than 14-3-3 or

S100b [17].

The goal for CJD diagnosis continues to be using less invasive

samples, such as body fluids, for the detection of PrPSc, the most

specific biomarker to date. Two recent studies [18–19] reported

the use of the real-time quaking-induced conversion (RT-QuIC)

assay with CSF samples for detection of CJD. Atarashi et al [18]

reported greater than 83% sensitivity and 100% specificity

compared to 72% sensitivity and 86% specificity when the

samples were assayed for 14-3-3. Similarly, in a blinded study,

McGuire et al [19] reported that CSF from sCJD patients

analyzed for PrPSc by RT-QuIC had a sensitivity and specificity

of 87% and 100%, respectively.

Surround optical fiber immunoassay (SOFIA) alone or,

depending on the starting samples, in combination with target

amplification by protein misfolding cyclic amplification (PMCA)

[20] has been successfully used with tissues and body fluids for the

preclinical detection and clinical diagnosis of sheep scrapie and

CWD [21–22]. In this manuscript we describe the use of SOFIA

for detection of PrPSc or prion disease associated seeding activity

(PASA) in CSF from sCJD patients as well as a comparison of

PrPSc in the central nervous system (CNS) and non-CNS tissues

from sCJD and vCJD.

Results

PrP was concentrated by ultracentrifugation of 10% homoge-

nates from brain, spleen, tonsil and lymph node from non-CJD

individuals and the samples were analyzed by Western Blotting

with or without PK-treatment using Mab 3F4 (Figure 1). The blots

show, as expected, the 3 protein bands in the non-PK treated

samples while no PrPC was observed in the PK-treated samples.

This demonstrated that the PK treatment used in this study is

sufficient to completely degrade any PrPC in these preparations.

The same sample concentration protocol was used with brain,

spleen, tonsil and lymph node samples from cases of sCJD and

vCJD (Figures 2 and 3, respectively). The concentrated homog-

enates were untreated or PK-treated and then serial two-fold

dilutions were analyzed on western blots. As noted in the Materials

and Methods section, the ‘‘undiluted’’ (and subsequent serially

diluted) spleen, tonsil, and lymph node samples for western

blotting contained 100 times more tissue equivalents than the

‘‘undiluted’’ (and subsequent serially diluted) brain tissue. All sCJD

tissues exhibited the same end-point dilution of 1:32 (Figure 2).

Based on previous reports this was unexpected since: (i) the CNS

from prion disease infected tissues contain the highest levels of

infectivity and, (ii) previous studies [23] have reported that PrPSc

was present in vCJD spleens, tonsils, and lymph nodes, but absent

in sCJD. In the vCJD samples used in this study, the results were

similar to that for the sCJD samples. In the case of vCJD brain,

after 100 times less tissue equivalents was applied relative to the

non-CNS tissues, the vCJD brain and tonsil had end-point

dilutions of 1:32, while spleen and lymph node were only

detectable to the 1:16 dilutions (Figure 3). With the exception of

brain, 10% homogenates of all other sCJD and vCJD tissues that

were analyzed on western blots without concentration did not

exhibit any PrPSc immunostaining (data not shown).

The degree of variability in the levels of PrPSc was assessed for

all the samples within each tissue group as well as across tissue

groups for both sCJD and vCJD using end-point dilution and/or

densitometric analysis of the PrPSc bands (not shown). There were

no statistically significant differences in the levels of PrPSc of all the

samples within each tissue group for sCJD. That is, the levels of

PrPSc from all the sCJD brain samples were similar to each other

as was also the case for the sCJD spleen, tonsil and lymph node

samples in each of those respective groups. Likewise the same

statistically insignificant levels of variability in PrPSc quantitation

were observed when comparing the samples within each of the

vCJD tissue groups (brain, spleen, tonsil, lymph node). In the case

of tonsil samples, an overall comparision of vCJD vs. sCJD

suggests higher levels of PrPSc in the former but the differences did

not reach the level of statistical significance.

We next determined the most suitable antibody combination to

use for both capture ELISA and SOFIA. We tested over 50

combinations of anti-PrP monoclonal antibodies (Mabs) by

capture ELISA using PK-untreated normal, sCJD and vCJD

brain tissues. Several Mab combinations gave similar results where

the signal intensity of 1023 dilutions of normal brain tissue was

similar to background while the sCJD and vCJD tissue readings

were significantly higher (7X; data not shown). Based on these

results, we chose the combination of Mab 3F4 for capture and

biotinylated Mab 5D6 for detection of PrP. Serial ten-fold

dilutions of sCJD and vCJD brain homogenates demonstrated

that the capture ELISA signal intensities for the infected tissues

continued to decrease and could no longer be distinguished from

both the normal brain tissue and background readings at a 1025

dilution. In addition, capture ELISA using 10% homogenates of

spleen, tonsil, and lymph node from sCJD and vCJD yielded a

signal 2X normal only if first concentrated by immunoprecipita-

tion with no readings above normal tissues and/or background

Figure 1. Western blot analysis of PrPC from normal human
tissues. Ten percent homogenates from normal human brain (Br),
spleen (Sp), tonsil (Ts), and lymph node (LN) were prepared and
ultracentrifuged through a sucrose cushion as described in Materials
and Methods. Pellets were resuspended and either untreated or PK-
treated prior to western blot analysis with Mab 3F4.
doi:10.1371/journal.pone.0066352.g001

PrPSc Distribution in sCJD and vCJD
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after a 1022 dilution (data not shown). On the other hand, using

SOFIA for PrPSc detection, values for unconcentrated CJD brain

homogenates did not approach normal brain homogenate (and

background) values until 10213 dilution (Figure 4) indicating that

SOFIA is 8 logs more sensitive than capture ELISA for sCJD and

vCJD. In spleen, the end-point using SOFIA was a 10211 dilution

for both sCJD and vCJD, while for tonsil and lymph node the end-

point for both was reached at a 10210 dilution (Table 1).

We also analyzed the utility of SOFIA for detecting PASA in

body fluids. Prior to sPMCA, PASA was undetectable by SOFIA

in sCJD CSF (Figure 5). However, PASA could be demonstrated

in CSF from sCJD after sPMCA40–200 by detection of the newly

formed PrPSc using SOFIA (Figure 5). Based on SOFIA, all CSF

samples from sCJD cases (but not the control CSF samples)

demonstrated seeding activity for the PrPC to PrPSc conversion

with a rise in PrPSc levels as the number of sPMCA cycles

Figure 2. Partially purified, protease-resistant PrPSc titration from sCJD tissues. Homogenates of sCJD brain, spleen, tonsil, and lymph
node were prepared, concentrated by ultracentrifugation and the pellets were resuspended as described in Materials and Methods. Undiluted (und)
and two-fold serial dilutions of the PK-treated resuspended pellets were western blotted and immunostained for PrPSc using Mab 3F4. A PK-untreated
sample is shown for each tissue to demonstrate the completeness of the PK treatment. Asterisk (*) denotes that the amount of brain tissue
equivalents loaded in each lane is 1/100 the amount relative to spleen, tonsil, and lymph node.
doi:10.1371/journal.pone.0066352.g002

Figure 3. Partially purified, protease-resistant PrPSc titration from vCJD tissues. Homogenates of vCJD brain, spleen, tonsil, and lymph
node were prepared and concentrated by ultracentrifugation as described in Materials and Methods. Undiluted (und) and two-fold serial dilutions of
the PK-treated resuspended pellets were western blotted and immunostained for PrPSc using Mab 3F4. A PK-untreated sample is shown for each
tissue to demonstrate the completeness of the PK treatment. Asterisk (*) denotes that the amount of brain tissue equivalents loaded in each lane is 1/
100 the amount relative to spleen, tonsil, and lymph node.
doi:10.1371/journal.pone.0066352.g003
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increased from 40 to 200. Similar studies were performed with

blood and urine samples from sCJD and normal controls. In

contrast to the CSF data, neither blood nor urine from sCJD

provided PASA for up to 200 cycles of sPMCA as demonstrated by

similar background-like SOFIA results for the sCJD and control

samples (Figure 6). Unfortunately, body fluids from vCJD patients

were not available for comparison. However, as a surrogate source

of vCJD blood, we utilized vCJD-infected Tg666 mice. Brain and

blood from infected Tg666 mice, with incubation periods of 194

and 200 days, and normal Tg666 mice were analyzed. Western

blotting of infected Tg666 brain homogenates demonstrated the

presence of PK-resistant PrPSc confirming the disease in these

animals (Figure 7). Blood samples from the vCJD-infected Tg666

were evaluated for PASA by performing sPMCA200 followed by

SOFIA for detection of the amplified product (Figure 6). Although

there is an obvious trend suggesting PASA in Tg666 blood

following sPMCA200, comparison with normal Tg666 blood was

not statistically significant (p = 0.12 for Mann-Whitney two-tailed

test) possibly due to the small sample size.

Table 1. End-Point Titrations of PrPSc by SOFIA in non-CNS Tissues.

SOFIA

Normal sCJD vCJD

Dilution Spleen Tonsil Lymph Node Spleen Tonsil Lymph Node Spleen Tonsil Lymph Node

1028 1.3* 1.0 1.1 6.9 6.5 5.9 7.7 7.0 6.7

1029 1.3 1.2 1.2 3.9 3.1 3.4 4.1 3.4 3.8

10210 1.4 1.0 1.2 2.6 1.5 1.3 2.8 1.5 1.4

10211 1.2 1.2 1.3 1.4 1.2 1.3 1.2 1.1 1.3

10212 1.2 1.0 1.1 1.2 1.2 1.2 1.2 1.0 1.2

*Values are voltage readings expressed as the means of the sample background ratio.
doi:10.1371/journal.pone.0066352.t001

Figure 4. Effects of sCJD and vCJD brain dilution on PrPSc detection by SOFIA. Ten percent homogenates from all the normal human (N),
vCJD (V), and sCJD brain tissues were prepared as described in Materials and Methods. Serial 10-fold dilutions were prepared from each brain tissue
sample and analyzed in triplicate by SOFIA as described. For each sample, data was calculated as the mean fluorescent signal6standard deviation
and expressed as the sample to background ratio (signal intensity).
doi:10.1371/journal.pone.0066352.g004

PrPSc Distribution in sCJD and vCJD
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Discussion

The finding that CJD can be transmitted by transfusion of blood

from pre-symptomatic vCJD victims placed some urgency on re-

assessing the distribution of PrPSc in all forms of CJD. In addition,

efforts in this direction offer the prospect of true antemortem

diagnostic tests for these invariably fatal diseases. SOFIA alone or

following PMCA has been used for the detection of PrPSc from

tissues and body fluids of preclinical and symptomatic scrapie

infected sheep and cervids with chronic wasting disease [21–

22,24]. Here we report the use of this technology for the detection

of PASA in human prion diseases. Similar to our previous findings,

detection of PASA by SOFIA in CNS tissues is more sensitive by

orders of magnitude than other immunoassays. If we assume that a

1029 dilution of sCJD brain contains 1–2 fg of PrPSc [18] our

results indicate that SOFIA is capable of detecting on the order of

0.01–0.02 fg of PrPSc. This is consistent with our previous studies

of PASA detection using SOFIA with brain tissue from clinical

animals infected with prion disease [25].

Furthermore, the sensitivity of SOFIA has allowed for detection

of PrPSc in tissues of the lymphoreticular system, not only in vCJD

samples, but also, for the first time, in sCJD tonsil and lymph node.

Several studies [23,26] reported that PrPSc is not detectable in the

tonsils, spleen, or lymph nodes of patients with sCJD. However, a

subsequent report [3] indicated that PrPSc could be detected in

spleen and muscle of some sCJD patients on western blots if the

PrPSc in the samples was first concentrated by sodium phospho-

tungstic acid precipitation to increase immunoassay sensitivity

[2,27]. In addition, Herzog et al [28] used sodium phosphotungs-

tic acid precipitation followed by a sensitive ELISA on vCJD and

sCJD infected primate tissues to show that while PrPSc levels were

robust in vCJD-infected spleen, tonsil, and lymph node, only low

levels of PrPSc were detected from sCJD spleen. In contrast to our

findings, previous studies demonstrated that PrPSc was consistently

less abundant in peripheral organs from sCJD tissues than in vCJD

tissues. As noted in our studies, following sample concentration

and immunoblotting of the non-CNS tissues, we did not find

significant differences in PrPSc levels when comparing sCJD tissues

between groups (spleens vs, lymph nodes vs. tonsils) or tissue

samples within each group. In comparison to sCJD, spleens and

lymph nodes from vCJD had less PrPSc while tonsils as a group

appeared to be greater though not statistically significant. In the

Figure 5. Detection of PrPSc from sCJD by SOFIA following
PASA of human CSF. PASA was carried out using normal human and
sCJD CSF as the source of the seeding material. Serial PMCA was carried
out individually on all of the normal human and sCJD CSF for a
maximum of 200 cycles with samples collected at 0, 40, 80, 160, and 200
cycles for IP and analysis in triplicate by SOFIA. For each sample, data
was calculated as the mean fluorescent signal6standard deviation and
expressed as the sample to background ratio (signal intensity). Signal
intensities from SOFIA were adjusted based on the dilution of samples
throughout sPMCA.
doi:10.1371/journal.pone.0066352.g005

Figure 6. PrPSc Detection by SOFIA Following PASA (sPMCA200)
in urine and blood. PASA was evaluated in human urine and blood
from each sCJD case and blood from vCJD-infected Tg666 mice.
Following sPMCA200, samples were analyzed in triplicate by SOFIA for
the presence of PrPSc. Signal intensities from SOFIA were adjusted
based on the dilution of samples throughout sPMCA200, calculated as
the mean fluorescent signal6standard deviation and expressed as the
signal/background ratio.
doi:10.1371/journal.pone.0066352.g006

Figure 7. Western blot analysis of PrPSc from vCJD-infected
Tg666 mice. Ten percent brain homogenates from two vCJD-infected
Tg666 mice were prepared in lysis buffer and centrifuged at 13,0006g
for 10 min. Twenty ml of supernatant from each of the two mice (1, 2)
was either untreated or PK-treated prior to western blotting and
immunostaining with Mab 3F4 as described in Materials and Methods.
doi:10.1371/journal.pone.0066352.g007
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brain, the levels of PrPSc in both sCJD and vCJD were similar to

each other and approximately 100 times greater than in the non-

CNS tissues. This assumes that PrPSc from CNS and non-CNS

tissues: (i) are structurally and physiochemically similar and thus

precipitate equivalently under constant conditions, and (ii) are

equally resistant to PK digestion. Although less than the amount

detected in brain, the relatively higher-than-expected levels of

PrPSc found in the non-CNS sCJD tissues is not concordant with

the low levels of infectivity reported for spleen and lymph node

[29]. However, as has been reported previously [24,30], and

demonstrated in this manuscript, the level of PrPSc does not

necessarily parallel the level of infectivity for prion diseases.

CSF is produced by the choroid plexus, a network of capillaries

found in the ventricular system of the brain, as an ultrafiltrate of

plasma [31]. In healthy individuals, about 80% of the proteins

found in CSF are derived from plasma and 20% from the brain.

Although the ratio can be altered under pathological conditions,

the bulk of the CSF proteins remain plasma-derived. With the

concern about the possible transmission of prion disease by blood

[32] as prion infectivity has been detected early in the animal

models of disease in lymphoreticular tissues [33] the need for

antemortem diagnosis and sensitive blood screening is clear.

Previous studies have shown that RT-QUIC could be used for the

detection of PASA in the CSF of prion diseased hamsters and

sheep, as well as in sCJD and iCJD [18,19,34–35]. In this study we

describe the use of SOFIA for the detection of PASA, a surrogate

marker for infectivity, in CSF from sCJD patients. CSF from sCJD

patients is a source of PASA for sPMCA and SOFIA was readily

able to detect the amplified PrPSc.

PASA was not detectable in sCJD blood or urine even after

sPMCA200. It is possible, although unlikely, that increasing PMCA

beyond 200 cycles might have generated detectable PASA

although increasing the number of cycles also increases the risk

of generating false positive signals [36]. Unequivocal experimental

transmission of prion disease using blood from infected animals,

but not from humans with sCJD, has been demonstrated. The

ability to transmit prion diseases through blood transfusion was

previously demonstrated in experimentally infected hamsters even

during the asymptomatic phase of infection [37–38]. Successful

transmission of disease after intracerebral injection of blood or

plasma taken from sporadic or iatrogenic CJD patients [39–42]

was not confirmed in other studies [43] and chimpanzees

transfused with blood taken from sCJD patients failed to develop

disease [43–44]. Whether infectivity is present in the blood of

sCJD patients remains unsettled. Injection of blood or blood

components from sCJD patients into experimental animals

occasionally and inconsistently has resulted in transmission of

the disease.

PrPSc has been detected in sheep, deer, and hamster blood, both

at terminal stages of disease and in pre-symptomatic animals

[21,36,45–48] and in CSF and urine from naturally and

experimentally infected animals [22,34,48–50]. Furthermore,

epidemiologic studies have demonstrated the presence of prion

infectivity in blood and plasma from vCJD cases [51–54]. It is

possible that the level of infectivity and/or PrPSc is too low to be

detected or that there may be various forms of sCJD with subtle

differences, which reflects varied amounts of infectivity in the

blood.

We have shown that PrPSc is detectable by western blotting of

samples from CNS and lymphoid tissues, including tonsil, of both

vCJD and sCJD patients. We also demonstrated that PrPSc is

detectable by SOFIA in unconcentrated, and even highly diluted,

CNS and non-CNS tissues from human prion disease samples, as

well as in CSF from sCJD patients. Thus, our assay could be used

for antemortem diagnosis of both sCJD and vCJD. In addition,

our data suggests that PMCA of blood followed by SOFIA should

be pursued as a non-invasive assay for antemortem diagnosis of

vCJD.

Materials and Methods

Ethics Statement
This study was carried out in strict accordance with the

recommendations in the Guide for the Care and Use of

Laboratory Animals of the National Institutes of Health. The

protocol was approved by the Institutional Animal Care and Use

Committee at SUNY Downstate Medical Center (07-468-10).

Tissues and Body Fluids
Sporadic CJD and normal samples were obtained from the

National Prion Disease Pathology Surveillance Center (Case

Western Reserve University, Cleveland, OH). The National

CJD Research and Surveillance Unit (Edinburgh) supplied

normal, sCJD and vCJD samples. All samples were anonymized

prior to being received. In total, the number of individual samples

from different cases consisted of: (a) normal: brain (13), spleen (3),

tonsil (3), lymph node (3), CSF (10), blood (10), urine (10), (b)

sCJD: brain (13), spleen (3), tonsil (3), lymph node (3), CSF (10),

blood (10), urine (10), and (c) vCJD: brain (8), spleen (4), tonsil (3),

and lymph node (4). We were unable to obtain any body fluids

from vCJD patients.

Surrogate blood samples were produced by infecting humanized

transgenic mice (Tg666) [55] with vCJD samples. Tg666 mice

were injected intracerebrally with 20 ml, or intraperitoneally

with100 ml, of a 20% human vCJD brain homogenate prepared

in phosphate buffered saline (PBS) and monitored for clinical

disease. Mice showing signs of disease (somnolence, kyphosis,

tremors, stilted gait, ataxia) for three consecutive weeks were

sacrificed by cardiac exsanguination followed by removal and

freezing of brains. Blood samples were centrifuged at 13,0006g

and the supernatants collected and frozen.

Sample Preparations
For direct analysis of tissues (brain, spleen, tonsil, lymph node)

by SOFIA, a 10% homogenate (1021) was prepared in lysis buffer

[PBS containing 1% Nonidet P-40, 0.5% sodium deoxycholate,

5 mM EDTA]. The homogenates were clarified by centrifugation

at 2,0006g for 2 min and serial 10-fold dilutions of the

supernatants were prepared in PBS.

For sample concentration by ultracentrifugation, 20% tissue

homogenates were prepared in lysis buffer followed by the

addition of an equal volume of 20% sarkosyl in TBS (50 mM

Tris HCl, pH 7.4, 150 mM NaCl). A 500 ml aliquot of each

sample was mixed with 3 ml of TBS with 10% NaCl +0.1%

sulfobetain (SB) 3–14 and layered over a 1.5 ml 20% sucrose

cushion in TBS +10% NaCl +0.1% SB 3–14. Samples were

ultracentrifuged (Beckman Optima, MLS-50 rotor, 127,0006g)

for 1 hr at 4uC. The pellets were resuspended in 100 ml of TBS

+0.1% SB 3–14. The equivalent of 0.5 ml of the resuspended pellet

from brain homogenate and 50 ml of the resuspended pellets from

spleen, tonsil, and lymph node were considered as ‘‘undiluted’’

samples for western blotting.

Western Blot
For proteinase K (PK) treatment, PK (100 mg/ml final

concentration) was added for 30 min at 50uC followed by the

addition of 1% protease inhibitor cocktail. For western blotting,

Laemmli sample buffer was added to a 16concentration (60 mM

PrPSc Distribution in sCJD and vCJD
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Tris-HCl, pH 6.8, 0.1% SDS, 100 mM DTT, 5% glycerol, and

0.01% bromophenol blue, pH 6.8) and samples were heated at

100uC for 10 min, microcentrifuged at 4006g for 2 min and

electrophoresed (12% acrylamide gels) at 150 V. After electro-

transfer, the nitrocellulose membranes were blocked for 1 hr in

5% non-fat dry milk +0.1% Tween 20, washed three times in PBS

+0.5% Tween 20 (PBST) and incubated with Mab 3F4 (2 mg/ml)

for 1 hr. After three PBST washes, the membranes were incubated

for 1 hr in goat anti-mouse lgG (Fab fragment) conjugated to

horseradish peroxidase (1:5000) (ThermoFisher). The membranes

were washed in PBST and protein bands were detected using ECL

supersignal west dura kit (ThermoFisher). All tissue samples were

analyzed in either duplicate or triplicate depending on the amount

of tissue obtained. Quantification of PrPSc band intensity was

performed by densitometric analysis using NIH provided Image J

software.

PASA and SOFIA
For all body fluids (CSF, blood and urine), PASA was assessed

on each sample by serial PMCA (sPMCA) followed by SOFIA

using protocols similar to those previously described (21, 22). A

single cycle of sPMCA consisted of combining 100 ml of each

sample (CSF, blood or urine) with 50 ml of 10% normal human

brain homogenate (NHBH) [prepared in phosphate-buffered

saline (PBS) containing 1% Triton-X100, 4 mM EDTA, and

1% protease inhibitor cocktail (Calbiochem)] followed by sonica-

tion (QSONICA: 490W power setting, 39,000 J, amplitude of 60,

90 sec process time consisting of 3 sec on: 1 sec off) and

incubation at 37uC for 1 hr. A second cycle began with the

addition of another 50 ml aliquot of NHBH followed by sonication

and incubation. After every 10 cycles, 500 ml of the sample was

transferred to a new tube and PMCA continued. For our studies,

we performed 40–200 cycles of serial PMCA (sPMCA40 -

sPMCA200).

PMCA of the body fluids was followed by immunoprecipitation

(IP). After sPMCA of 40 to 200 cycles (sPMCA40–200), a 100 ml

sample was added to 50 ml of MagnaBind protein G - monoclonal

antibody (Mab) 8B13 complex [prepared by mixing anti-PrP Mab

8B13 (10 mg/ml) with MagnaBind protein G (Pierce) at a 1:10

ratio, incubating for 1 hr at room temperature followed by 3

washes in PBS] in a final volume of 1 ml PBS. The tubes were

incubated overnight at 4uC with constant mixing. The beads were

then washed 3 times with PBS, resuspended in 500 ml PBS, and

heated at 100uC for 10 min. The supernatants collected from a

10 min centrifugation at 16,0006g were analyzed by SOFIA.

Each sample was analyzed in triplicate by SOFIA as previously

described (21, 22). Mab 3F4 (5 mg/ml) was used as the capture

reagent on 96-well high binding microtiter plates (Costar). After an

overnight incubation, blocking buffer (3% bovine serum albumin/

PBS) was added for 1 hr. Wells were washed followed by the

addition of samples to be tested and incubation for 2 hrs. After

additional washes, biotinylated Mab 5D6 (4 mg/ml) was added to

each well for 1 hr followed by four washes with PBST and then a

1 hr incubation with streptavidin-rhodamine red-X conjugate

(Invitrogen). Finally, 1 N NaOH was added followed by heating at

100uC for 15 min and neutralization with 1M Tris-HCl, pH 7.4.

Samples were analyzed using SOFIA for detection of rhodamine

red fluorescence.

Statistics
Statistical significance of the densitometric quantitation of

western blotted PrPSc was determined using the Student’s t-test.

Mean values calculated from SOFIA among the normal and the

infected groups were compared using the Mann-Whitney test and

a p value ,0.05 was defined as being statistically significant.
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