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Prion protein immunocytochemistry – UK five centre consensus report
Creutzfeldt-Jakob disease (CJD) and other prion diseases
are associated with the deposition of insoluble prion
protein (PrPCJD) in the central nervous system (CNS).
Antibodies raised against PrPCJD also react with its
precursor protein, a soluble form of PrP (PrPC), which
is widely distributed in the normal CNS. This crossreactivity has in the past raised doubts as to the
specificity and diagnostic reliability of PrP immunolocalization, especially in familial cases which are atypical
clinically and which lack characteristic pathology findings. Following an MRC-funded workshop which focused
on this problem, a multicentre prospective study was set

up to identify a reliable protocol for PrPCJD immunocytochemistry. Five UK centres took part in this study and
demonstrated consistent staining of plaques, vacuolar
deposits in severe spongiform change, and perineuronal
deposits using a variety of antibodies and enhancement
procedures. A protocol using formic acid, guanidine
thiocyanate, and hydrated autoclaving pre-treatment
in conjunction with a monoclonal PrPCJD antibody
produced the clearest immunochemical results and is
presented as the consensus UK recommendation for
PrPCJD immunocytochemical procedures.
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Introduction
Creutzfeldt-Jakob disease (CJD) and other human spongiform encephalopathies are characterized by the deposition in the central nervous system (CNS) of an insoluble
prion protein (PrPCJD) [4, 28]. PrPCJD is an aberrant form
of a soluble precursor protein (PrPC) which is encoded by
a gene on chromosome 20 and is widely expressed in the
normal CNS and other tissues but has a high rate of
turnover and does not accumulate [26]. PrPCJD has been
detected in all the major human spongiform encephalopathies or prion diseases, including sporadic and
familial CJD [24, 28], Gerstmann Sträussler Scheinker
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syndrome (GSS) [28] and fatal familial insomnia (FFI)
[22, 28] as well as in iatrogenic cases, such as human
growth hormone-related CJD [3, 29].
The factors which influence the appearance and
accumulation of PrPCJD are not wholly understood but
the structure of the PrP gene is of central importance
in familial prion diseases, including GSS and FFI [1].
Several different mutations, particularly at codons 178
and 200, have been described in the PrP gene of
inherited cases, and homozygosity at codon 129 not only
confers increased vulnerability to sporadic and iatrogenic
prion diseases but also appears to influence the
phenotype of mutations found at other codons [12, 27].
Disease-related PrP deposits are also found in animal
prion diseases which include scrapie and bovine
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spongiform encephalopathy [14, 30]. Polyclonal antibodies have been raised to scrapie and hamster prion
proteins, and both polyclonal and monoclonal antibodies
directed against synthetic PrP peptides have become
available more recently. Unfortunately none of these
antibodies can clearly distinguish between PrPC and
PrPCJD and dependable PrP immunocytochemistry
should incorporate techniques which aim to eliminate
PrPC from tissue sections and enhance the demonstration of insoluble PrPCJD.
The strategies which are currently available have been
reviewed recently [2]. Briefly, the methods which are
gaining general acceptance rely more on exploiting the
likely quantitative differences between the two isoforms
by exposing tissue sections to high dilution anti-PrP
antibody. Many immunocytochemical studies of human
prion diseases have now been published but some difficulties in interpretation remain to be resolved [7, 15–17,
19–21, 23, 25]. While there is no dispute concerning the
immunolocalization of PrPCJD in the amyloid plaques
which occur in some cases of prion disease, particularly
in the cerebellum, agreement regarding other PrPCJDpositive deposits has been less than unanimous [2].
There is a range of patterns of pathology, both in
topography and quantity of spongiform change, gliosis
and plaque formation, which may or may not be accompanied by different patterns of PrPCJD deposition. A
further problem relates to so-called atypical cases of
prion disease in which PrP gene mutations are associated with dementing illnesses but not with characteristic
spongiform or plaque pathology [8]: in such cases no
consensus has been achieved with respect to PrPCJD
immunolocalization and reliable protocols would be
particularly important in their diagnostic validation.
Accurate identification of PrPCJD in tissue sections is of
interest not only because of the diagnostic implications
but also because of current theories which identify
PrPCJD as a most significant part of the infective agent, if
not its entirety [11, 26]. Immunocytochemistry may
lend itself to studies of PrPCJD mapping and spread in the
CNS [2], and possibly in other organs and tissues such as
the pituitary which have been identified as sources of
infection [5].
In 1993 the Medical Research Council was aware of
the need to achieve an agreed protocol for PrP immunocytochemistry which would lead to reproducible results
and a consensus view on the interpretation of findings.
First, a one day Workshop was arranged to draw

together scientists and technical staff from eight centres
engaged in immunocytochemical study of human and
animal prion diseases. Subsequently, a five centre trial of
PrP immunocytochemical methodology was set up with
the aim of standardizing protocols and agreeing the
interpretation of results, particularly with regard to
atypical prion dementias. Each of the five centres had
some experience of implementing PrP immunocytochemistry in human cases of prion disease, varying from
occasional to almost daily use.
The achievement of UK consensus for PrPCJD
immunolocalization, which is an immunocytochemical
procedure more than usually beset with problems of
sensitivity, specificity and false positives, could be an
important contribution for comparison of future studies
in this field.

Materials and methods
Five participating centres were identified (Nottingham,
Belfast, Edinburgh, and St Mary’s Hospital and the
Institute of Psychiatry, both in London). The
co-ordinating centre was Edinburgh. Each centre was
originally invited to submit unstained sections from an
individual case of interest which were to be sent for PrP
staining to all five centres, but it was rapidly agreed that
the final selection of cases should include three cases
from Edinburgh and two cases from the Institute of
Psychiatry since these were the centres with the widest
range of material. The cases were selected to include a
range of pathology as revealed by routine haematoxylin
and eosin staining and preliminary PrP immunostaining,
and comprised four cases of sporadic CJD and one case of
atypical prion disease submitted from London [8]. The
four cases of sporadic CJD did not have PrP mutations
and showed varying patterns of pathology. The atypical
prion disease case was a member of a kindred with a 144
base pair PrP gene insertion, with a long history of
personality disorder preceding dementia but with no
evidence of spongiform change (case VII 63 in reference
9). From each case three blocks were chosen including
cerebral and cerebellar cortex and basal ganglia. CJD
material was exposed to formic acid for 1 h during
processing of tissue blocks and this is thought to be
effective for decontamination of formalin fixed tissue [6].
The sets of unstained sections were collated in
Edinburgh, coded by an independent member of staff and
distributed to the five centres where staining was to be
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Table 1. PrP immunostaining protocols used in the five centres

Antibody (dilution)

Pre-treatment

Visualizing agent

Centre 1

SP40 (1 in 1000 o/n at 4)C)

98% formic acid (3 min) and
4 M guanidine thiocyanate (2 h)

Diaminobenzidene

Centre 2

SP40 (1 in 3600 o/n at 4)C)

98% formic acid (10 min)

Aminoethyl carbazol

Centre 3

1A8 (1 in 1800 o/n at 4)C)

80% formic acid (8 min)

Diaminobenzidene

Centre 4

1A8 (1 in 2000 o/n at 4)C)

96% formic acid (5 min)

Diaminobenzidene

Centre 5

1A8 (1 in 1800 o/n)
KG9 (1 in 200 o/n)
(both at room temperature)

96% formic acid (5 min) and
4 M guanidine thiocyanate (2 h)
with or without prior hydrated autoclaving

Diaminobenzidene

o/n, Overnight exposure.

Table 2. PrP antibodies used in the five centre study

Antibody

Clonality

Antigen

Source

1A8

Polyclonal

Denatured scrapie fibrils in ME7 mouse strain

Dr J. Hope (Edinburgh)

SP40

Polyclonal

Synthetic peptide based on sheep PrP gene sequence residues 219–232

Professor B. Anderton (London)

KG9

Monoclonal

Recombinant protein based on shared bovine/human PrP sequence

Dr C. Birkitt (Compton)

undertaken. Each centre employed the antibody and the
protocol which had been in use in that centre up to that
time (Table 1). Avidin biotin amplification was used in
each centre. The stained slides were then returned from
individual centres to Edinburgh whence the full coded set
of slides was circulated for assessment of staining to each
centre in turn. The full set was finally returned to
Edinburgh where the extent of pathology findings in the
five cases was also assessed with routine haematoxylin
and eosin staining.
To collate the results, written comments were elicited
from each centre for preliminary analysis in Edinburgh.
In addition to identifying the antibody and the pretreatment and visualizing protocols in use in each centre
and detailed in Table 1, each centre was asked to: (a)
comment specifically on the pattern of PrP staining and
whether this was believed to be specific or otherwise;
(b) provide an assessment of artefactual and background
staining; (c) comment on individual antibody and protocol performance in the slides from each coded centre. A

draft summary of the results and conclusions was circulated for comment before the final consensus report was
agreed between all centres for submission to the Medical
Research Council.
Details of the antibodies used in the different centres
are shown in Table 2. The specificity of these antibodies
had been checked in preliminary studies by use of
antibody pre-absorbed against the specific antigen [2,
17]. In all five centres the pre-treatment of tissue sections
with formic acid was in routine use prior to this study.
The omission of such a step produced unacceptable levels
of background staining, since in these circumstances it
was necessary to drop the dilution of antibody very
considerably to achieve visualization of disease-related
structures. Negative controls included sections not
exposed to the primary antibodies. The use of more
extensive controls, including other dementias and age
matched non-demented subjects, has been described
and validated previously for these PrP antibodies and
protocols [2, 17]. These controls have been consistently
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Table 3. Five centre PrP study. Pathology findings as revealed by haematoxylin and eosin staining together with PrPCJD
immunolocalization pattern in five selected cases of prion disease

(A) Cerebral cortex
Spongiform change
PrPCJD positivity

(B) Basal ganglia
Spongiform change
PrPCJD positivity
(C) Cerebellar cortex
Spongiform change
PrPCJD positivity

Case 1

Case 2

Case 3

Case 4

Case 5

+
Plaques+ +
(Perineuronal)

++
Vacuolar

++
Vacuolar

++
Plaques&
(Perineuronal)

No significant pathology
PrP-negative

++
Plaques+ +

&
Plaques+

+
(Astrocytes)

++
Plaques+

No significant pathology
PrP-negative

No significant
pathology
Plaques+ +

No significant
pathology
Plaques&

+

+Kuru-type plaques

Atrophy

PrP-negative

Plaques+ +

Atypical vertical linear deposits in
molecular layer

Spongiform change (&very slight & focal; +microcystic; + +severe & confluent). PrP-positive plaques (&occasional; +focally numerous;
+ +widespread and numerous, present in all cerebellar layers). Staining patterns which are bracketed were agreed by less than five
centres (see Results).

negative for all the antibodies used in the multicentre
study.

Results

basal ganglia; the cerebellar cortex showed some
atrophic changes with loss of granular neurons and
astrocytosis, but without evidence of spongiform change
in the molecular layer.

Routine pathology

PrP immunolocalization

The test cases were deliberately selected for differing
pathological appearances and topographical distribution of spongiform change and plaques. These differences are summarized in Table 3 and underline the
between-case variability in prion diseases. Case 4 was
the only case in which numerous kuru-type plaques
were readily identified by routine staining in the cerebellum. Cases 1–4 all showed spongiform change
either in the cerebral or cerebellar cortex, or in the
basal ganglia, and sometimes in all three. This took the
form of small individual vacuoles diffusely scattered
through the parenchyma (Figure 1), as in some areas
of the cerebral cortex and in the molecular layer of the
cerebellum, or in larger irregularly confluent vacuoles
present in the grey matter of the cerebral cortex (Figure
2) or of basal ganglia.
Neuronal loss and astrocytosis may also be found in
CJD and were present in varying degree in cases 1–4. In
case 5, no spongiform change or other characteristic
pathology was detected in the cerebral cortex or in the

PrP-positive features were identified in all five cases in at
least one block by each of the five centres. Kuru-type
spherical plaques first seen indistinctly in haematoxylin
and eosin stained sections of the cerebellum of case 4
were readily confirmed as PrP-positive (Figure 3) and
plaques were first revealed by immunocytochemistry
in cases 1 and 2 (Table 3). All five centres identified
these PrP positive plaques as consistently stainable
features which varied in number and distribution
between cases. However, PrP-positive plaques were not
revealed in case 3. In the experience (unpublished) of the
Edinburgh CJD Surveillance Unit, plaques are found in
about 15% of cases of sporadic CJD. PrP-positive plaques
were present in the molecular and granular layers of the
cerebellum (Figure 4) as well as in the white matter.
They may also be present in the cerebral cortex and in
the basal ganglia and this was well demonstrated in case
1 as agreed by all five centres (Table 4).
In case 5 unusual linear deposits were conspicuous in
the molecular layer of the cerebellum and this pattern
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Figure 1. Cerebral cortex of case 1 showing diffusely scattered small vacuoles in the neuropil. Haematoxylin and eosin. #100.
Figure 2. Cerebral cortex from case 2 showing more severe confluent spongiform change in the neuropil. Haematoxylin and eosin.
#100.
Figure 3. Section of cerebellum from case 4 showing plaques stained immunocytochemically with antibody to KG9 (see Table 2). The
Purkinje cells lying between the darkly staining plaques are negative. #400.
Figure 4. Cerebellum from case 1 stained with the anti-PrP antibody SP40. Positive plaques are revealed predominantly in the granular
layer with occasional plaques in the molecular layer and in the thin strip of white matter which traverses the centre of this narrow
folium. #100.

was identified by all five centres (Figures 5 and 6). PrP
positivity was not present elsewhere in this case and the
Purkinje cells were negative.
PrP-positive plaques are characteristically spherical
and may have a pale staining centre with a spiculated
radial dark-staining periphery – the so-called classic
kuru plaque.
PrP-positive deposits of less regular arrangement were
also identified in relation to severe confluent spongiform
change in the cerebral cortex (Figure 7). All five centres
noted this staining pattern. No consistent PrP positivity
was observed in grey matter in which spongiform
change was of a microcystic pattern.
Two of the five centres also drew attention to occasional evidence of apparent perineuronal PrP deposition

in the cerebral cortex of cases 1 and 4 (Figure 8). These
two centres also commented on punctate PrP staining in
the neuropil and slight positivity of glial cells with both
monoclonal and polyclonal antibodies (case 3) (Figure
9). The remaining centres did not comment on these last
features. Occasional and inconsistent staining of blood
vessels was seen with the antibody KG9 as used in centre
5. Not all the blocks in any one case showed this
phenonemon and subarachnoid vessels were sometimes
affected as well as central white matter vessels. There
was no evidence in these five cases of the diffuse synaptic
pattern of positivity which has been described in the
cerebellar molecular layer [19].
In summary, all five centres agreed on the specificity of
PrP staining in plaques. All five centres also agreed on
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Table 4. Consensus protocol for PrPCJD immunocytochemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

5 ìm sections floated on to Vectabond-coated slides
Sections to water
Picric acid 15 min
Water
3% hydrogen peroxide 30 min
Water
Hydrated autoclaving (121)C for 10 min in distilled water)
Water
96% formic acid for 5 min
Water
4 M guanidine thiocyanate for 2 h at 4)C
Water then Tris buffered saline
Blocking serum for 20 min
Exposure to primary PrP antibody (see Table 2)
Tris buffered saline
Exposure to secondary antibody
Tris buffered saline
ABC kit
Tris buffered saline
Visualizing agent
Water
Haematoxylin counterstain
Dehydration, clearing and mount in Pertex
Dried, mounted slides may be decontaminated again by
immersion in 96% formic acid for 5 min before labelling.
This is regarded as a useful additional precaution as the
slides leave a possibly contaminated laboratory

the curious staining pattern in the molecular layer of the
atypical prion case (case 5). Four of the five centres
agreed that the diffuse PrP deposits seen in relation to
severe cerebral cortical spongiform change were also
specific. Other features such as perineuronal and glial
PrP staining merited comment from only two of the five
centres.

Variability of PrP immunostaining results: antibodies
and protocol
Despite the different antibody and pre-treatment combinations in the five centres, inspection of the five stainings
of each of the 15 blocks showed the same pattern of
chromagen deposition, although the intensity of staining
varied between the different centres. All the centres
agreed that the same structures, including plaques, or
vacuolar deposits in association with spongiform change,
or deposits associated with neurons, were revealed by the
different staining protocols adopted by the five centres
but they also commented that certain protocols from one
or two of the centres, employing one rather than another

antibody, consistently revealed more of the stainable
features than did other protocols. Four of the five centres
thought that the monoclonal antibody, KG9, produced
the most intense and widespread staining of plaque and
vacuolar deposits and of neuronal associated staining.
One centre believed that SP40 gave the best results. All
centres were agreed that SP40 gave very good results
preferable to those produced with 1A8. All five centres
concurred that, although formic acid was an essential
pre-treatment, based initially on guidance in the literature and then on experience of all five laboratories, as
discussed at the workshop (and reviewed in [2]), the
addition of autoclaving, as described previously, was a
very useful additional enhancing step which produced
darker and better defined deposits of all the three types
specified above (Figures 5 and 6). If one feature was
enhanced by a particular antibody pre-treatment, then
all were similarly affected. The value of guanidine thiocyanate as a further 2 h pre-treatment used in centre 5
was questioned by the remaining four centres who did
not detect any additional benefit in the intensity or
specificity of staining and, in the opinion of one centre, it
caused slightly higher background staining although
allowing a greater dilution of the primary antibodies.
However, based on judgement of the staining patterns
identified in the slide circulation, the participating
centres agreed to recommend the protocol used in centre
5 as the best in this study for demonstrating plaques,
vacuolar staining and neuronal associated deposits. This
protocol is shown in Table 4.
All the centres observed occasional staining of vessels
with the monoclonal antibody KG9 as used by centre 5.
Apparently positive vessels were particularly noticeable
in the subarachnoid space and focally in the central
white matter (Figure 10) but were present in no more
than one block from each individual case. This has also
been observed when control sections of normal brain and
other forms of neurodegenerative diseases are stained
with this antibody.

Discussion
This multicentre study has shown that the staining
patterns resulting from different PrP immunocytochemical protocols are consistent and reproducible between
laboratories, thus validating the results. We have shown
previously that positivity for these antibodies is not found
in other dementias such as Alzheimer’s disease, or in
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Figure 5. Cerebellar folia from a patient with atypical prion disease (case 5) exposed to the antibody KG9 without autoclave
pretreatment. Faint linear positivity is noted in the molecular layer. #100.
Figure 6. Section from the same case shown in Figure 5. In this section the PrP immunocytochemistry using the antibody KG9 has
included a hydrated autoclave pretreatment. This pretreatment step represents the only difference between the sections shown in
Figures 5 and 6 and demonstrates the enhancement which can be achieved by prior autoclaving. #100.
Figure 7. Cerebral cortex from case 2 showing severe spongiform change associated with irregular deposits of prion protein visualized
following exposure to the antibody KG9. #200.
Figure 8. Section of cerebral cortex from case 4 showing laminar staining of neuronal membranes when exposed to anti-PrP antibody
SP40. #200.
Figure 9. Section of basal ganglia from case 3 showing spongiform change and small deposits of PrP immunopositivity with antibody
KG9. In addition some astrocytes show granular cytoplasmic positivity such as the cell in the centre of the field. #400.
Figure 10. Apparently artefactual PrP immunopositivity (KG9) in the walls of blood vessels in the central white matter of case 2. #40.
? 1997 Blackwell Science Ltd, Neuropathology and Applied Neurobiology, 23, 26–35
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non-demented age-matched controls [2, 17]. PrPpositive features such as plaques and perivacuolar deposits in areas of confluent spongiform change are
broadly agreed. If these two patterns of PrP immunostaining are used as a basis of case judgement, it was clear
from the present study that the use of different antibodies, both polyclonal and monoclonal, produced broadly
similar staining patterns. It is also clear that employment
of different protocols in different laboratories all produced
similar staining patterns in the different cases and it is
important to note that a formic acid pre-treatment step
was used in all cases. Formic acid has a well established
role in enhancing immunostaining for different forms of
amyloid and other proteins in tissue sections [10, 18]. It
was agreed that hydrated autoclaving was a significant
further enhancing step but not all laboratories have
ready access to the necessary equipment and it is
reassuring to note that formic acid alone produces
broadly similar results. What is not clear at this stage is
whether autoclaving reveals small quantities of PrP in
cases which would otherwise be negative and further
study is required in this area. It is possible that pretreatment with guanidine thiocyanate might be excluded
with no great detriment to the protocol.
Examination of these five cases underlines the topographical variation in pathology and in PrP positivity
from case to case of prion disease. Examination of
autopsy cases allows the possibility of examining a
minimum of several blocks from an individual case and
highlights the difficulty of making a diagnosis on a single
block of tissue such as a biopsy specimen. Examination of
the PrP staining results in case 3 and in case 5 underlines this point (Table 4). Comparison of the results of
routine staining and PrP immunolocalization (Tables 1
and 4) also shows that superficially similar cases (cases 1
and 2) may show quite different patterns of PrP deposition. The fact that independent examination in each of
the five centres reproduced the same PrP staining patterns in this pair of cases generates considerable confidence that this is a reliable technique for detection of
disease related cases.
In summary, the conclusion of this study is that PrP
staining patterns may vary in intensity with different
antibodies and protocols but that they are nevertheless
very consistent between laboratories, and are endorsed
as specific to prion diseases. Kuru-type plaques and
deposits associated with confluent spongiform change
are consistently PrP-positive. It was valuable for five

separate laboratories to have the opportunity of examining a so-called atypical case with a PrP gene insertion
and no characteristic pathology and for each to
have demonstrated the presence of irregular linear PrP
deposits in the cerebellar molecular layer. The Purkinje
cell staining which was reported previously in this case
[9] could not be confirmed. While some debate exists
between the five centres as to the specificity of PrP
localization in astrocytes it is likely that this issue will be
resolved with greater experience of PrP immunolocalization. It was interesting to note that centre 1 submitted some sections of mouse brain in which prion
disease was present and that in these sections glial
staining was conspicuous in addition to positive plaques.
It may be that astrocyte staining, which has been
described previously in murine scrapie [13], is more
noticeable in transmitted animal cases than in the
human diseases. The general conclusion from all five
centres is that staining of blood vessels is an artefactual
feature which does not interfere with interpretation of
specific results.
The consensus optimal protocol for PrP immunolocalization which has emerged from this study is outlined in
Table 4. Pre-treatment with formic acid is regarded as
mandatory. The additional step of hydrated autoclaving
is desirable if there is ready access to an autoclave or
even to a pressure cooker within the laboratory. It is
reassuring to note that all the antibodies used in this
study produced staining of the same pattern although
results appeared to be optimal with a monoclonal
antibody raised to a recombinant protein.
The establishment of agreed and validated protocols
for PrP immunolocalization provides the way forward
for diagnostic confirmation of PrP deposition in typical
and atypical cases. The apparent discordance between
classical pathology findings and PrP deposition in some
areas of the CNS such as the molecular layer of the
cerebellar cortex awaits explanation. This has been
noted previously [2] and is confirmed in the present
study.
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Addendum
Because autoclaves are not generally available within
histopathology laboratories, the CJD Surveillance Unit
has experimented since the multicentre study with
microwave substitution. We have found that the
following step may be substituted for step 7 in Table 4.

Alternative step 7
(a)
(b)
(c)
(d)

Microwave at full power for 5 min in distilled water.
Allow to cool.
Repeat step (a) above.
Allow to cool and proceed with step 8 of Table 4.

This alternative procedure enhances PrPCJD immunopositivity almost as effectively as autoclaving.
The protocol listed in Table 4 was the one used for the
demonstration of PrPCJD immunoreactivity in the new
variant cases of CJD which were reported recently (Will
et al. A new variant of Creutzfeldt-Jakob disease in the
UK. Lancet 1996; 347: 921–6).

References
1 Baker HF, Ridley RM. The genetics and transmissibility of
human spongiform encephalopathy. Neurodegeneration
1992; 1: 3–16
2 Bell JE, Ironside JW. Neuropathology of spongiform
encephalopathies in humans. Br Med Bull 1993; 49:
738–77
3 Billette de Villemeur T, Gelottt A, Deslys JP. Iatrogenic
Creutzfeldt-Jakob disease in three growth hormone
recipients: a neuropathological study. Neuropathol Appl
Neurobiol 1994; 20: 111–17
4 Bockman JM, Kinsbury DI, McKinkley MP, Bendheim PE,
Prusiner SB. Creutzfeldt-Jakob disease prion proteins in
human brains. N Eng J Med 1995; 312: 73–8
5 Brown P, Gajdusek DC, Gibbs CJ, Asher DM. Potential
epidemic of Creutzfeldt-Jakob disease from human growth
hormone therapy. N Eng J Med 1985; 313: 728–31
6 Brown P, Wolff A, Gajdusek DC. A simple and effective
method for inactivating virus infectivity in formalin-fixed
tissue samples from patients with Creutzfeldt-Jakob disease.
Neurology 1990; 40: 887–90

7 Bugiani O, Giaccone G, Verga L et al. âPP participates in
PrP-amyloid plaques of Gerstmann-Straussler-Scheinker
disease, Indiana kindred. J Neuropathol Exp Neurol 1993;
52: 66–70
8 Collinge J, Owen F, Poulter M et al. Prion dementia without
characteristic pathology. Lancet 1990; 336: 7–9
9 Collinge J, Brown J, Hardy J et al. Inherited prion disease
with 144 base pair gene insertion: 2. Clinical and
pathological features. Brain 1992; 115: 687–710
10 Costa PP, Jacobsson B, Collins VP, Biberfeld P. Unmasking
antigen determinants in amyloid. J Histochem Cytochem
1986; 34: 1683–5
11 DeArmond SL. Overview of the transmissible spongiform
encephalopathies: prion protein disorders. Br Med Bull
1993; 49: 725–37
12 de Silva R, Ironside JW, McCardle L et al. Neuropathological
phenotype and ‘prion protein’ genotype correlation in
sporadic Creutzfeldt-Jakob disease. Neurosci Lett 1994; 179:
50–2
13 Diedrich JF, Bendheim PE, Kim YS, Carp RI, Haase AT.
Scrapie-associated prion protein accumulates in astrocytes
during scrapie infection. Proc Nat Acad Sci USA 1991; 88:
375–9
14 Fraser H. Diversity in the neuropathology of scrapie-like
disease in aminals. Br Med Bull 1993; 49: 792–809
15 Guiroy DC, Yanagihara R, Gajdusek DC. Localisation of
amyloidogenic proteins and sulfated glycosaminoglycans in
nontransmissible and transmissible cerebral amyloidoses.
Acta Neuropathol 1991; 82: 87–92
16 Hashimoto K, Mannen T, Nobuyuki N. Immunohistochemical study of kuru plaques using antibodies against synthetic
protein peptides. Acta Neuropathol 1992; 83: 613–7
17 Hayward PAR, Bell JE, Ironside JW. Prion protein immunocytochemistry: the development of reliable protocols for the
investigation of Creutzfeldt-Jakob disease. Neuropathol Appl
Neurobiol 1994; 20: 375–83
18 Kitamoto T, Ogomori K, Tateishi J, Pruisiner SB. Methods in
laboratory investigation: formic acid pretreatment
enhances immunostaining of cerebral and systemic
amyloids. Lab Invest 1987; 57: 230–6
19 Kitamoto T, Shin R, Doh-Ura K et al. Abnormal isoform of
prion protein accumulates in the synaptic structures of the
CNS in patients with Creutzfeldt-Jakob disease. Am J Pathol
1992; 140: 1285–94
20 Kitamoto T, Tateishi J. Immunohistochemical confirmation
of Creutzfeldt-Jakob disease with a long clinical course with
amyloid plaque core antibodies. Am J Pathol 1988; 131:
435–43
21 Lantos PL, McGill IS, Janota I et al. Prion protein immunocytochemistry helps to establish the true incidence of prion
diseases. Neurosci Lett 1992; 147: 67–71
22 Medori R, Tritschler JH, LeBlanc A et al. Fatal familial
insomnia, a prion disease with a mutation at codon 178 of
the prion protein gene. New Eng J Med 1992; 7: 444–9

? 1997 Blackwell Science Ltd, Neuropathology and Applied Neurobiology, 23, 26–35

Prion protein immunocytochemistry 35

23 Piccardo P, Safar J, Ceroni M, Gajdusek DC, Gibbs CJ.
Immunohistochemistry localisation of prion protein in
spongiform encephalopathies and normal brain tissue.
Neurology 1990; 40: 518–22
24 Pickering-Brown S, Mann DMA, Owen F et al. Allelic
variations in apolipoprotein E and prion protein genotype
related to plaque formation and age of onset in sporadic
Creutzfeldt-Jakob disease. Neurosci Lett 1995; 187: 127–9
25 Powers JM, Liu Y, Hair LS, Kascsack RJ, Lewis LD, Levy LA.
Concomitant Creutzfeldt-Jakob and Alzheimer diseases. Acta
Neuropathol 1991; 83: 95–8
26 Prusiner SB, DeArmond SJ. Molecular biology and pathology of scrapie and the prion diseases of humans. Brain
Pathol 1991; 1: 297–309

27 Tateishi J, Kitamoto T. Developments in diagnosis for prion
diseases. Br Med Bull 1993; 49: 971–9
28 Tateishi J, Kitamoto T. Inherited prion diseases and
transmission to rodents. Brain Pathol 1995; 5: 53–9
29 Weller RO, Steart PV, Powell-Jackson JD. Pathology of
Creutzfeldt-Jakob disease associated with pituitary-derived
human growth hormone administration. Neuropathol Appl
Neurobiol 1986; 12: 117–29
30 Wells GAH, Wilesmith JW, McGill IS. Bovine spongiform
encephalopathy. Brain Pathol 1992; 1: 69–78

? 1997 Blackwell Science Ltd, Neuropathology and Applied Neurobiology, 23, 26–35

Received 20 December 1995
Accepted after revision 27 July 1996

