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Abstract
Objective—The objective of the study is to report 2 new genotypic forms of protease-sensitive
prionopathy (PSPr), a novel prion disease described in 2008, in 11 subjects all homozygous for
valine at codon 129 of the prion protein (PrP) gene (129VV). The 2 new PSPr forms affect
individuals who are either homozygous for methionine (129MM) or heterozygous for methionine/
valine (129MV).

Methods—Fifteen affected subjects with 129MM, 129MV, and 129VV underwent comparative
evaluation at the National Prion Disease Pathology Surveillance Center for clinical,
histopathologic, immunohistochemical, genotypical, and PrP characteristics.

Results—Disease duration (between 22 and 45 months) was significantly different in the 129VV
and 129MV subjects. Most other phenotypic features along with the PrP electrophoretic profile
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were similar but distinguishable in the 3 129 genotypes. A major difference laid in the sensitivity
to protease digestion of the disease-associated PrP, which was high in 129VV but much lower, or
altogether lacking, in 129MV and 129MM. This difference prompted the substitution of the
original designation with “variably protease-sensitive prionopathy” (VPSPr). None of the subjects
had mutations in the PrP gene coding region.

Interpretation—Because all 3 129 genotypes are involved, and are associated with
distinguishable phenotypes, VPSPr becomes the second sporadic prion protein disease with this
feature after Creutzfeldt-Jakob disease, originally reported in 1920. However, the characteristics of
the abnormal prion protein suggest that VPSPr is different from typical prion diseases, and
perhaps more akin to subtypes of Gerstmann-Sträussler-Scheinker disease.

Human prion diseases are prominently heterogeneous. In sporadic Creutzfeldt-Jakob disease
(sCJD), the most prevalent prion disease, heterogeneity is largely predicated on the common
methionine (M)/valine (V) polymorphism at codon 129 of the prion protein (PrP) gene and
the disease-associated PrP (PrPDis) that are distinguished in types 1 and 2 based on the
electrophoretic mobility of their protease-resistant regions.1

However, despite this remarkable heterogeneity, all well-established sporadic prion diseases
(here operationally defined as nonacquired prion diseases free of mutations in the PrP gene
coding region) have been shown to share the same basic pathogenetic mechanism; PrPDis

interacts with the normal or cellular PrP and converts it into PrPDis, triggering an
autocatalytic process that leads to the accumulation of PrPDis and ultimately to the clinical
disease.2

In 2008, we described 11 cases affected by a new disease involving PrP; we named this
disease protease-sensitive prionopathy (PSPr).3 Subsequently, 2 additional cases of PSPr
have been independently reported.4,5 PSPr differed from known sporadic prion diseases in
the clinical presentation, in the histopathologic and immunohistochemical features, and in
the basic characteristics of the PrPDis. Furthermore, all 11 cases had the 129VV genotype
and no mutation in the PrP gene open reading frame (ORF).

We now report 15 additional cases, all of which bear features of the PSPr as originally
reported. However, the new cases also include, in addition to new 129VV subjects,
individuals who are 129MV heterozygous and 129MM homozygous. Although the affected
subjects belonging to the 3 genotypes share several important characteristics, they also
display basic variations that allow the 3 corresponding phenotypes to be distinguished.
Therefore, the new cases show that the disease originally described as PSPr, like sCJD,
affects all 3 129 genotypes and to some extent mimics the 129-related phenotypic
heterogeneity of sCJD, although the PSPr characteristics underline basic differences from
sCJD and similarities with Gerstmann-Sträussler-Scheinker disease (GSS), a rare phenotype,
which to date has been reported as exclusively associated with PrP gene mutations. In view
of the increased protease-resistance of the PrPDis associated with the new 129 genotypes
compared to that of the 129VV cases, we propose to revise the original PSPr label to VPSPr
or “variably protease-sensitive prionopathy.” Parts of these findings have been presented
previously.6–9

Subjects and Methods
Subjects

A total of 15 affected subjects, including 3 129MM, 6 129MV, and 6 previously unreported
129VV, were examined. Thirteen affected subjects were referred to the National Prion
Disease Pathology Surveillance Center (NPDPSC) (Cleveland, OH) between 2002 and
2010. All cases were symptomatic except 1 of the 129MM subjects, who died suddenly of
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heart problems while participating in a dementia study as a negative control, underwent
autopsy, and was referred to the NPDPSC because it was noted to have spongiform
degeneration (SD) on histological examination. One 129MM subject was received by Dr
Fabrizio Tagliavini10 (National Neurological Institute, Instituto Nazionale Neurologico
Carlo Besta, Milan, Italy), and 1 129MV subject was received by Dr Piero Parchi
(Department of Neurological Sciences, University of Bologna, Dipartimento di Scienze
Neurologiche, Universitá di Bologna, Bologna, Italy). All the subjects including those
serving as positive control as indicated were examined at autopsy following analyses of
fixed and frozen tissues. Consent was obtained for using tissues for research, including
genetic analyses.

Tissue Processing
Fixed and frozen brain tissues were processed as previously described; a different procedure
was followed for the case received from Dr Tagliavini.3,10–12

Histopathology and Immunohistochemistry
Samples obtained from up to 18 brain regions were processed according to previously
described procedures.3,12 Lesion profiles were constructed using semiquantitative evaluation
of SD and astrogliosis in 11 brain regions from 10 subjects, including the 3 129 genotypes.
SD and astrogliosis were scored (Fig 1), and the scores from each of the brain regions were
summed for each subject separately; values were averaged, their standard deviations
determined, and they were plotted according to the brain region.3,12 Vacuoles with >4µm
diameter were measured individually on random photomicrographs of frontal neocortex (10/
subject, ×180) using Spotsoftware version 4.6 after calibration (Diagnostic Instruments,
Sterling Heights, MI).3

Sections from the frontal and occipital neocortices, hippocampus, basal ganglia, thalamus,
cerebellar hemisphere, and midbrain were processed for PrP immunohistochemistry with the
monoclonal antibody (mAb) 3F4 or 1E4 (Cell Sciences, Canton, MA).11–17 Selected brain
regions were also immunostained with the mAbs 4G8 to amyloid β or PHF1 to the tau
protein.3

Molecular Genetics
The entire PrP ORF was amplified by polymerase chain reaction using genomic DNA
(extracted from unfixed brain tissue or blood) and the primers 42F
(CATAACTTAGGGTCACATTTGTCC) and 45R
(CCAGATTAACCAATGGTTATTTGC); sequencing was done directly or after cloning
into plasmid pSTBlue 1 (Novagen, Madison, WI) by automated sequencing.13

Prion Protein Characterization
REAGENTS AND ANTIBODIES—Phenylmethylsulfonyl fluoride was purchased from
Sigma Chemical Co. (St. Louis, MO). Peptide N-glycosidase F (PNGase F) was purchased
from New England Biolabs (Beverly, MA) and used following the manufacturers protocol.
Reagents for enhanced chemiluminescence (ECL Plus) were from Amersham Pharmacia
Biotech (Piscataway, NJ). Antibodies to various sequences of human PrP included anti-C, a
rabbit antiserum (220–231), 3F4, a mouse mAb (106–110), and 1E4, a mAb (97–108).3,14–
17

BRAIN HOMOGENIZATION—The 10% (weight/volume) brain homogenates were
prepared in 9 volumes of lysis buffer (100mM Tris, 150 mM NaCl, 0.5% Nonidet P40, 0.5%
deoxycholate, 5mM ethylenediaminetetraacetic acid, pH 8.0) on ice using pestles with
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Eppendorf tubes driven by a cordless motor as previously described.14 When required, brain
homogenates were centrifuged at 1,000 × g for 10 minutes at 4°C to collect supernatant.

IMMUNOBLOT ANALYSIS—Samples were resolved on 15% Tris-HCl Criterion precast
gels (Bio-Rad Laboratories, Hercules, CA) for gel electrophoresis and Western blotting as
described previously.15 The proteins on the gels were transferred to Immobilon-P membrane
polyvinylidene fluoride (Millipore, Billerica, MA) for 2 hours at 70V. For probing PrP, the
membranes were incubated for 2 hours at room temperature with anti-PrP antibodies.
Following incubation with horseradish peroxidase-conjugated sheep antimouse
immunoglobulin G (IgG) or donkey antirabbit IgG at 1:3,000, the PrP bands were visualized
on Kodak film (Eastman Kodak, Rochester, NY) by ECL Plus as described by the
manufacturer.

Results
Clinical Features

The cases, grouped according to the 129 genotype, demographics, and clinical data and tests,
along with the previous 129VV cases, are summarized in the Table.

In 129VV cases, the presentation was characterized by 1 or more components of a triad
comprising psychiatric signs, in the form of behavior and mood changes, speech deficit, and
cognitive impairment. Behavior and mood changes, expressed as disinhibition, euphoria,
and impulsivity or loss of interest and apathy, were the most frequent (80% of the cases).
Language deficits, observed in half of the cases, were characterized by anomic or semantic
aphasia, or by dysarthria. Cognitive impairment, mostly of the frontal lobe type, was present
at onset in 50% of the cases, alone or together with the behavioral changes and language
deficits.

In the 129MV subtype, psychiatric signs were often associated with parkinsonism, followed
by ataxia and myoclonus, whereas aphasia was rare; in these cases, the mean age at onset
(72 years) and duration (45 months) of the disease were the most advanced and the longest,
respectively, of the 3 subtypes and the duration was significantly different from those of the
129VV genotype (p < 0.017).

Both symptomatic 129MM subjects (1 died apparently before clinical onset of disease)
presented with Parkinsonism and ataxia followed by progressive diffuse cognitive
impairment and myoclonus; aphasia was reported in 1 case, but neither showed psychiatric
symptoms.

As for the diagnostic tests, just 1 VV case showed signal changes consistent with CJD on
magnetic resonance imaging and electroencephalography; all the other cases revealed
various degrees of brain atrophy and diffuse slowing of cerebral electrical activity.

Familial occurrence of dementia was reported in about 50% (7/14 available family histories)
of the 129VV cases (1 case in the present series), and in 1 129MM, but not in the 129MV
genotype.

Histopathology
The hallmark common to all 129 genotypes was the presence of moderate SD comprising
vacuoles in the major cerebral regions, which were relatively larger than those observed in
sCJDMM1 but overall smaller than those of sCJDMM2 (see Fig 1A–E and Fig 1A–C of
Gambetti et al3). Occasionally, the molecular layer of the cerebellum contained small
homogeneous formations, with the appearance of microplaques in the 129VV and 129MV
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cases (see Fig 1F, G). On average, all these lesions were more severe in the 129VV and
129MV than in the 129MM cases (see Fig 1E).

The pattern of PrP immunostaining was slightly different in the 3 genotypes.

In the 129VV cases, the PrP immunostaining, as originally described, was targetlike in the
cerebrum (Fig 2A) and dotlike in the cerebellar molecular layer (see Fig 2B).

In the 129MV genotype, the targetlike pattern was less recognizable (see Fig 2C). The
cerebellar molecular layer showed a more plaquelike immunostaining pattern (see Fig 2D).

In the 129MM subjects, the predominant immunostaining pattern was plaquelike (see Fig
2E). The cerebellum occasionally showed small plaquelike formations (see Fig 2F).

With mAb 1E4, the patterns of PrP immunostaining were similar to those revealed by 3F4
(data not shown).

Various degrees of amyloid β immunostaining, apparently age-correlated, were also
observed (data not shown).

Characterization of PrPDis in the 3 129 Genotypes
PRPDIS ELECTROPHORETIC PROFILE AND PROTEINASE K RESISTANCE—
The ladderlike electrophoretic profile of the proteinase K (PK)-resistant PrPDis fragments,
the distinctive feature of the PSPr 129VV cases, was shared by all the affected subjects
belonging to the 129MM and 129MV genotypes, although, due to the higher PK resistance,
the representation of most PrPDis fragments was greater in 129MM and 129MV than in
129VV (Fig 3A).3 The ladderlike profile demonstrated with 1E4 consisted of 5 major bands
migrating at approximately 26kDa, 23kDa, 20kDa, 17kDa, and 7kDa (hereafter identified as
VPSPr26, VPSPr23, VPSPr20, VPSPr17, and VPSPr7) (see Fig 3A). In contrast, PrPDis

types 1 and 2 from sCJD formed the classical pattern of 3 bands migrating at 32/30kDa,
28/26kDa, and 21/19kDa (see Fig 3A).

PrPDis preparations from the 3 genotypes were probed with mAb 1E4 or 3F4 after treatment
with various amounts of PK. When PrPDis fragments were considered all together, both 1E4
and 3F4 confirmed the relatively high PK resistance of PrPDis in the 129MM cases,
intermediate in the 129MV cases, and low or entirely lacking in the 129VV cases (see Fig
3). However, both mAbs also showed the heterogeneous resistance of the individual
fragments to PK, which was confirmed with PK titration experiments. These analyses
showed that the VPSPr7 fragment was highly PK-resistant in all 3 genotypes. In contrast,
the other 4 fragments appeared to follow 2 distinct patterns, which were similar and
involved pairs of the same fragments in both 129MV and 129MM; VPSPr26 and VPSPr20
increased and decreased rapidly in amount peaking at 10µg/ml of PK and generated fairly
narrow bell-shaped curves. In contrast, both PSPr23 and PSPr17 increased at a lower rate,
peaked between 25 and 50µg/ml of PK, and remained relatively well represented even at
100µg/ml of PK. The representations of the 2 pairs of fragments were significantly different
at 100µ/ml PK concentration in both 129 genotypes (129MM, p < 0.02; 129MV, p < 0.005).
As expected, the PK resistance of the 129VV fragments was much lower, except for
VPSPr7. Combined, the immunoblots and quantitative analyses argue that VPSPr23 and
VPSPr17 have the strongest resistance to PK and likely form secondarily from VPSPr26 and
VPSPr20 following treatment with high PK concentrations. It has to be noted, however, that
the PK sensitivity of the 129VV preparations was in part related to the mAb used. When
probing with 1E4 instead of 3F4, all fragments present in the VPSPr-129MM and −129MV
preparations were also detectable in the preparations from the 129VV genotype, even if they
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displayed different ratios. Therefore, the PK treatment might not only break down the PrPDis

associated with the 129VV genotypic form, but also generate fragments relatively
undetectable by the mAb 3F4. Alternatively, PrPDis associated with VPSPr-129VV might
have a low immunoreactivity with 3F4, even without PK treatment.

IDENTIFICATION OF THE PRPDIS CORE FRAGMENTS AND THEIR
COMPARISON WITH THOSE OF THE GSS VARIANT LINKED TO THE A117V
MUTATION—Various amounts of VPSPr20, VPSPr17, and VPSPr7 were demonstrated by
1E4 in all 3 129 genotypes after deglycosylation and up to 50µg/ml of PK treatment (Fig
4A). Because the deglycosylation eliminated VPSPr26 and VPSPr23, these 2 fragments
likely are the glycosylated isoforms of VPSPr20 and VPSPr17, respectively. This would
explain the shared level of PK resistance of these 2 fragments (see Fig 3D). Of notice, the
same PK-resistant fragments were well represented also without deglycosylation, suggesting
that VPSPr20 and VPSPr17 are present as both glycosylated and unglycosylated isoforms
(see Fig 3A, B). With 3F4, only VPSPr20 and VPSPr17 were detectable in the 129MM and
129MV cases, whereas again the 129VV genotype showed no PK-resistant PrP (see Fig 4B).
The combined and individual resistance of the deglycosylated fragments to PK was
comparable to that of the glycosylated isoforms.

Further characterization of the core fragments with the antibody anti-C (C-terminal residues
220–231) demonstrated 4 PrP bands migrating at approximately 20kDa, 18kDa, 12–13kDa,
and 8kDa, of which only the 20kDa band matched VPSPr20 detected with 1E4 and 3F4 (see
Fig 4C). The 3 fragments undetected by 1E4 and 3F4 must comprise the C-terminal region
(reactive with anti-C) and must lack the 97–112 sequence containing the 1E4 and 3F4
epitopes. Therefore, 6 core fragments of relative molecular weights between 20kDa and
7kDa were identified by the combined use of 1E4 and anti-C. Several PrP C-terminal
fragments of similar relative molecular weight have been previously reported.18–20
Considerable similarities were observed in the electrophoretic mobilities of the PK-resistant
core fragments from the 129MV, 129VV, and 129MM genotypes and GSS-A117V (see Fig
4D). Also in GSS-A117V, the mAb 1E4 demonstrated the presence of 3 bands of 20kDa,
17kDa, and 7kDa described in VPSPr, which, however, displayed different
immunoreactivities. Comparable variations in antibody immunoreactivity and band
representation were seen with 3F4 and anti-C (see Fig 4D). Therefore, most of the PK-
resistant PrPDis fragments appeared to have similar sizes in VPSPr and GSS-A117V, but
different ratios and antibody reactivities.

Discussion
At variance with the series of 11 cases of PSPr described in 2008 and 2 cases subsequently
published by others—all 13 of which were 129VV homozygous at the PrP gene—the 15
cases reported here also include affected subjects who are 129MV and 129MM, in addition
to new 129VV subjects.3–5 Comparative analyses indicated that all these cases are affected
by the same disease process, and that most of the heterogeneity that we observed results
from distinct 129 genotypes.

These cases are likely to be affected by the same disease because of the overall similarity in
major phenotypical characteristics, including the clinical features, which prominently exhibit
aphasia, ataxia, and parkinsonian signs; SD, displaying vacuoles comparable in size in the 3
genotypes but otherwise different from the vacuoles of other common prion diseases; and
finally PrP immunostaining patterns, which also display comparable general features in all
these cases. However, the 2 most striking similarities reside in the ladderlike electrophoretic
pattern of the PK-resistant fragments and in the unique immunoreactivity of PrPDis with
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mAb 1E4. Cumulatively, these findings suggest that all these cases share a similar molecular
mechanism of PrPDis formation.

Significant clinical differences among the 129VV and 129MV groups (only 2 129MM
symptomatic subjects were available) occurred in the mean age at onset and in disease
duration (see Table). PrP immunostaining patterns were also distinguishable in the 3 groups.
An additional difference might lay in disease prevalence, which appeared to be highest in
129VV subjects (65% of the cases), followed by the 129MV (23%) and 129MM subjects
(12%) (see Table). However, 2 distinctive features were evident among the 3 groups; these
were: (1) the apparent resistance to PK digestion, which was generally much lower in the
129VV cases than in the 129MM and 129MV cases; and (2) the immunoreactivity of the
PK-resistant PrPDis with mAb 3F4, which was strong in the 129MM cases, weak in the
129MV cases, and lacking in the 129VV cases. Cumulatively, these findings argue that,
although PrPDis may be formed by a similar mechanism in the 3 genotypes, the
conformation or aggregation is likely different, and this difference results in variable
resistance to PK, variable accessibility by 3F4, or both.

These findings also indicate that, in the present series of cases, it is the 129 genotype that
modifies the phenotypic characteristics, including PK resistance and antibody
immunoreactivity of PrPDis. However, the possibility that phenotypic heterogeneity is
caused by other variations in PrPDis among the 3 groups or by a combination of different
129 genotypes and PrPDis characteristics, as is the case with sCJD, cannot be excluded.

The variations in prevalence are likely to be associated with the 129 genotype as well. This
also is a feature of sCJD, in which 129MM cases account for about 70% of the total, 129MV
for 11%, and 129VV for 17%.1,12 It is remarkable that the effect of the 129 genotype on
disease prevalence in our series of cases appears to be the opposite of that in sCJD. The high
percentage of 129VV subjects described to date (20 of 28 known subjects, including the 2
cases reported elsewhere) and the apparent rarity of 129MM subjects (only 3 of 28 subjects)
suggest that the prevalence of VPSPr is directly related to the presence of the 129V allele.3–
5 Indeed, at least 1 129V allele is present in 25 of the 28 known cases of VPSPr. The
prevalence of the 3 129 genotypes in VPSPr is quite different from that in normal Caucasian
populations, in which the 129MM genotype accounts for 43% of subjects, the 129MV for
49%, and the 129VV for 8%.21

The present findings raise a number of questions concerning the nature of VPSPr and its
place within the group of known prion diseases.

In our series of 26 VPSPr cases collected to date, 8 subjects apparently had familial
dementia; they were all 129VV except for 1 129MM. One of the 2 VPSPr-129VV cases
reported by others also had a definitive family history of neurodegenerative disease.4 This
raises the possibility that VPSPr is a familial disease with a locus other than the ORF of the
PrP gene (which is free of mutations), a condition analogous to that of familial Alzheimer
disease. 3,22 Whether the VPSPr subjects reported to date also include inherited cases
belonging solely to the 129VV and 129MM genotype remains to be determined.

Well-recognized prion diseases, which are associated with the classic PrPDis commonly
identified as PrP27–30, such as all sCJD subtypes and several subtypes of familial CJD and
sporadic and familial fatal insomnia, are transmissible with relative ease to receptive
animals. Inoculated animals develop a full-blown disease with clinical signs, SD, and
presence of a PrP27–30 that generally reproduces the characteristics of the PrP27–30 present
in the inoculum.1,23,24 In contrast, other prion diseases, especially GSS, a rare phenotype
that to date has been reported as exclusively associated with PrP gene mutations, have been
more difficult to transmit or have been reported not to be transmissible at all.25–28 For
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example, inoculation of brain homogenate from a subtype of GSS linked to the P102L
mutation and characterized by the immunoblot presence of only a PK-resistant fragment of
7kDa similar to that present in VPSPr did not cause a symptomatic disease in recipient
transgenic mice, but elicited the formation of PrP amyloid deposits in the absence of
abnormal PrP.26 Similarly, inoculation of PK-sensitive recombinant PrP polymerized into
amyloid fibers generated a prion disease in PrP overexpressing transgenic mice that was
apparently asymptomatic but caused SD and deposition of PK-sensitive abnormal PrP, 2
features shared by the 129VV genotype of VPSPr, only late in the life of the inoculated
animals, consistent with very long incubation times.29 Furthermore, similar transmission
patterns on inoculation of brain homogenates from affected animals or humans have been
observed in other neurodegenerative diseases, such as Alzheimer disease and diseases of the
tau protein or tauopathies.30,31 Experiments on the transmissibility of VPSPr are ongoing.
Preliminary data indicate that VPSPr transmissibility, if it occurs at all, is not efficient, and
it could be more like that of GSS-P102L associated with PrPDis 7kDa or of PK-sensitive PrP
amyloid fibers, which require long incubation times and do not shorten the life span of the
affected animals.26,29

It is intriguing that GSS also shows characteristics of the phenotype and of the PrPDis

associated with some of the mutations that resemble those of VPSPr.25 They include long
disease duration, multiple PK-resistant fragments, and variable PK resistance of PrPDis. Our
comparative analysis of the electrophoretic profiles in VPSPr and GSS-A117V reveals
provocative similarities. This finding raise the issue of whether VPSPr might be viewed as
the sporadic form of GSS.

Regardless of its relationship with GSS, the finding that VPSPr affects all 3 129 genotypes,
resulting in distinct disease phenotypes and PrPDis characteristics, establishes VPSPr as the
second “sporadic” prion protein disease, after sCJD.
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FIGURE 1.
Histopathology with vacuole size and lesion profiles in the cases belonging to the 3 129
genotypes of variably protease-sensitive prionopathy (VPSPr). The spongiform degeneration
is qualitatively similar in all 3 129 genotypes (A, 129VV; B, 129MV; C, 129MM). (D) As
originally shown in the 129VV cases,3 the spongiform degeneration is made of a significant
percentage of relatively large and midsize vacuoles on average significantly larger than
those of common sporadic Creutzfeldt-Jakob disease (sCJD) subtypes (diameters: VPSPr
[combined] 9.3 ± 3.4µ vs sCJDMM1 5.8 ± 1.2µ; p < 0.0001 [Student t test]), resulting in an
elongated vacuole size distribution in the vacuole size histogram. (E) The lesion profiles are
very similar in the 3 129 genotypes, but show less severe lesions in the 129MM genotype
than in the 129VV and 129MV genotypes. FC, TC, PC, and OC = frontal, temporal, parietal,
and occipital cortices; HI = CA1 of hippocampus; EC = entorhinal cortex; BG = basal
ganglia; TH = thalamus (medial-dorsal nucleus); ST/MB = striatum/midbrain; LC = pons
(locus coeruleus); CE = cerebellar cortex. The vertical bars refer to standard deviations.
Spongiform degeneration was scored on a 0 to 4 scale (0, not detectable; 1, mild; 2,
moderate; 3, severe; and 4, confluent), and astrogliosis on a 0 to 3 scale (0, not detectable; 1,
mild; 2, moderate, and 3, severe). (F, G) Homogeneous micro deposits with the appearance
of plaques were observed in the molecular layer of the cerebellum in some cases associated
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with the 129VV (F) and 129MV (G) genotypes, but not in the 3 129MM cases. (A–C, F, G)
Hematoxylin & eosin. M = methionine; V = valine.
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FIGURE 2.
Prion protein immunohistochemistry in the 3 variably protease-sensitive prionopathy 129
genotypes. The cerebral cortex (A, C, E) and cerebellar molecular layer (B, D, F) best
exemplify the predominant immunostaining patterns. (A) pattern in the 129VV genotype is
often targetlike, with a larger stained granule or clusters of granules surrounded by smaller
granules in a focal or more diffuse background of punctate or synaptic staining (inset: higher
magnification of the same cortical region). (B) The molecular layer of the cerebellum shows
relatively large granules that are often compact and intensely stained. (C) In the 129MV
genotype, the targetlike pattern is generally less obvious, as large granules are more often
isolated; focal or larger areas of synaptic staining are also present (inset: as above). (D) In
the cerebellum, the granules are fewer, more loose, and have a plaquelike appearance. (E)
The 129MM genotype often shows a plaquelike immunostaining pattern (inset: as above).
(F) The cerebellum shows small formations. Immunostaining was done with monoclonal
antibody 3F4. M methionine; V = valine.
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FIGURE 3.
Electrophoretic profiles and proteinase K (PK) titration of PK-resistant disease-associated
prion protein (PrPDis) from variably protease-sensitive prionopathy (VPSPr) associated with
the 129VV, 129MM, or 129MV genotype. (A) The Western blots of the total brain
homogenates (BHs) treated with 25µg/ml of PK and probed with the monoclonal antibody
1E4 reveal 5 PrP bands migrating approximately to 26kDa, 23kDa, 20kDa, 17kDa, and
7kDa, forming a ladderlike pattern in all 3 (129VV, 129MM, and 129MV) genotypes of
VPSPr (VPSPr26, VPSPr23, VPSPr20, VPSPr17, and VPSPr7) (lanes 1–3). The faint band
that migrates at approximately 30kDa in VPSPr-129VV (lane 1) likely represents the
incomplete PK digestion of the normal diglycosylated, N-terminus truncated PrP fragment
or associated monoglycosylated full-length PrP. In contrast, BHs from sporadic Creutzfeldt-
Jakob disease (sCJD) associated with the 129MM genotype and the PrPDis type 1
(sCJDMM1) or sCJDVV2 (sCJD with the 129VV genotype and PrPDis type 2) show the
typical 3 PK-resistant PrP fragments of type 1 and 2 migrating between 31kDa and 19kDa
(lanes 4 and 5). (B, C) PK titration of PrPDis. Brain homogenates from 129VV, 129MM,
and 129MV genotypes were treated with PK at various concentrations between 0 and
100µg/ml. (B) Probed with 1E4. (C) Probed with 3F4. (D) PK titration with quantitative
analysis of the individual VPSPr fragments. The curves represent the relative amounts of the
individual VPSPr fragments at increasing PK concentrations (0–100µg/ml) after probing the
immunoblots with 1E4 in each of the 3 129 genotypes. The relative representations of the
bands corresponding to the VPSPr fragments were determined by densitometry and
expressed as averages of 129VV (n = 3), 129MM (n = 2), and 129MV cases (n = 3).
Comparative analysis of the curves from each of the 3 129 genotypes confirms the PK
sensitivity of all the fragments in 129VV cases, with the exception of VPSPr7, which is
resistant to PK in all 3 genotypes. The remaining 4 fragments follow similar patterns in both
the 129MM and 129MV genotypes; VPSPr26 and VPSPr20 form rapidly but are digested at
PK concentrations >10µg/ml; VPSPr23 and VPSPr17 are resistant up to 100µg/ml of PK (*p
< 0.02; **p < 0.005). M = methionine; V = valine.
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FIGURE 4.
Proteinase K (PK)-resistant core fragments of variably protease-sensitive prionopathy
(VPSPr) and their comparison with the disease-associated prion protein (PrPDis) fragments
associated with Gerstmann-Sträussler-Scheinker disease (GSS)-A117V. All brain
homogenates were treated with increasing concentrations of PK and with peptide N-
glycosidase F (PNGase F). (A) With 1E4, all immunoblots from cases with the 129VV,
129MM, and 129MV genotypes essentially show variably protease-sensitive prionopathy
(VPSPr)-20, VPSPr17, and VPSPr7. However, the PK resistance of these bands varies
according to the 129 genotype and the individual bands within the same genotype in a way
roughly similar to that shown in Figure 3. (B) The immunoblots probed with 3F4 reveal 2
major bands in the 129MM and 129MV genotypes, which, however, exhibit a quite different
pattern of resistance to PK in the 2 genotypes. As expected, no PK-resistant PrP bands are
detected in the 129VV genotype. (C) Additional analysis of the core fragments following
treatment with 25µg/ml of PK and PNGase, using the antibody anti-C to the PrP C-terminal
residues 220–231. Compared to 1E4, anti-C demonstrates 4 bands of 20kDa, 18kDa, 12–
13kDa, and 8kDa, respectively, of which only the 20kDa band has the same gel mobility as
VPSPr20 detected with 1E4. The other 3 bands, including 18kDa, 12–13kDa, and 8kDa, do
not match the bands detected with 1E4. (See text for explanation). (D) Brain homogenates
from VPSPr-129MV, GSS117, and VPSPr-129 were treated with PK and PNGase F prior to
Western blotting and probed with 1E4 (left panel), 3F4 (middle panel), and anti-C (right
panel) antibodies. With monoclonal antibody 1E4, bands matching VPSPr20, VPSPr17, and
VPSPr7 are detected in the GSS-A117V preparations, but the GSS-V117V bands
immunoreact much less with 1E4 than the bands of VPSPr-129MV and VPSPr-129VV. The
23kDa band is seen more prominently in GSS-A117V. With 3F4, the VPSPr17 and VPSPr7
bands are shared by GSS-A117V and VPSPr-129MV, but the 20kDa band is missing in
GSS-A117V. The VPSPr7 band is much less reactive in 129MV. As previously, the 129VV
is not reactive with 3F4. Anti-C reveals apparently the same bands in all 3 preparations, but
with significantly different ratios. M = methionine; V = valine.
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