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A new method, which enabled the first immunohis-
tochemical documentation of abnormal prion pro-
tein (PrP) in allpatients with Creutzfeldt-Jakob dis-
ease (CJD), was established This method designated
as "hydrolytic autoclaving" revealedpunctate PrPQJD
stainings around the neuronal cell bodies and den-
drites in CJD brains. These punctate stainings were
almost identical with that ofsynaptophysin, suggest-
ing PrPcJD accumulations in the synaptic structures.
Subcellularfractionation revealed thatprion protein
in Creutzfeldt-Jakob disease (prpCJD) was most con-
centrated in the synaptosomal fraction. In CJD pa-
tients with a long clinical course, synaptophysin im-
munoreactivity decreased, and synaptic prpcJD accu-
mulated with a wider distribution. These results
suggest that synaptic PrP'JD accumulations might be
responsible for the neuronal dysfunction and degen-
eration in CJD. (AmJPathol 1992, 140:1285-1294)

Creutzfeldt-Jakob disease (CJD), kuru, and Gerstmann-
Straussler syndrome (GSS) are transmissible neurode-
generative diseases in humans, whereas scrapie is a
similar disorder in animals. These diseases are caused
by slow infectious pathogen-designated prions.1 Previ-
ous immunohistochemical techniques, even after the for-
mic acid enhancement,2 revealed positive immunolabel-
ing of kuru plaques in patients with GSS and small prion
protein (PrP) accumulations in CJD patients with a long
clinical course, but not in patients with a short clinical
course.3

During the past 5 years, the detection of PrPCJD was
performed using Western blots after limited proteinase K
digestion.4'5 This procedure made it feasible to detect not
only PrPCJD, but also normal cellular isoform of PrP (PrPc)
originating from a single-copy chromosomal gene.67 Us_
ing Western blotting, we detected PrPcJ in almost all
patients with CJD, and mouse PrPCJD in the CJD-infected
mouse brains even in the absence of abnormal PrP de-
posits.8 Therefore, demonstration by previous immuno-
histochemical methods still has its limitations. Recently,
three different groups reported the immunohistochemical
demonstration of PrPc in neurons using specific fixa-
tions.911 With these fixations, abnormal accumulations
of scrapie form PrP (PrPSC) were also documented in the
neuropils.9 10 However, the distribution of PrPCJD in hu-
man CJD patients still remains to be established, and the
precise subcellular localization of PrPCJD needs to be
determined.

Recently, Serban et al'2 found that PrPSC immunore-
activity was enhanced by its exposure to protein dena-
turants such as chaotropic salts, NaOH, boiling in sodium
dodecyl sulfate (SDS), and formic acid. One of these pro-
tein denaturants provided the in situ detection of PrPSC in
scrapie-infected cell lines.13 We applied various protein
denaturants to formalin-fixed tissue sections to enhance
PrPCJD immunoreactivity.14 Some of these chemical de-
naturants were found to enhance kuru plaque stainings,
however, structures that were newly documented by PrP
immunostainings were not present. We found that hydro-
lysis, which used autoclave procedures on tissue sec-
tions, strikingly enhanced the PrP immunoreactivity in
situ. This new approach documented the synaptic accu-
mulation of PrPCID in patients with CJD.
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Materials and Methods

Plasmid Construction and Purification of
Fd-PrP Fusion Protein
The plasmid designated pFd-PrP is based on the
prokaryotic vector pFd-APP 770, a derivative of pFd-APP
695,'5 and carries the Iac promotor and operator in front
of the /ac Z gene. The plasmid pUC HPrP-M, which
codes for the entire human PrP into the EcoRI site of pUC
19,16 was digested with Haell and Hinoill, and blunted
with T4 polymerase. The resulting 774 bp fragment, in-
cluding residues 25-253 of human PrP, was ligated into
the Smal site of the pUC 19 for arranging the frame. The
resulting plasmid pUC HPrP-M' was digested with Kpnl
and Sacl. The resulting 733 bp fragment was ligated in
the vector fragment of pFd-APP 770 which was digested
with Kpnl and Sacl. The plasmid pFd-PrP was trans-
formed in E. coli BB 1.8.1' The fusion protein was purified
from the inclusion body fraction by preparative SDS-
polyacrylamide gel electrophoresis (PAGE) and electro-
elution. The identity of the purified protein was confirmed
by Western blot analysis using prion protein antibodies
(Figure 1). The typical yield from cells of 500 ml culture
grown for 10 hours in the presence of 1 mmol/l Isopropyl-
B-D(-)-thiogalactopyranoside (IPTG) was 2-5 mg of
pure Fd-PrP fusion protein.

Antibodies
In this study, we prepared three antibodies against hu-
man PrP. We previously described antiserum against
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Figure 1. Transformed E. coli cells synthesize d PrP fusion pro-

tein. The E. coli was transformed with plasmid pFd PrP, induced

with IPTG, and grown for 10 hours at 37C Inclusion body frac-
tion was analyzed by SDS-PAGE (10% acrylamide) and vtsualized
with Coomassie brilliant blue (A, Lane 1). 50 kd band was a
prominent additionalprotein compared with the nontransformed
E. coli (data not shown). The electroeluted fusion protein was
analyzed in parallel (A, Lane 2). The eluted Fd-PrPfusion protein
was analyzed by Western blots using KPC antiserum (B, Lane 1) or
omission of the primary antibody (B, Lane 2).

kuru plaque core (KPC) purified from a patient with GSS.3
We applied affinity purification using formyl-cellulofine gel
(Chisso Chemicals, Japan) for the KPC antiserum. Affin-
ity-purified antibody, designated anti-KPC, was used in
this study. The second antibody against N-terminal do-
main of PrP was prepared as described.17 We prepared
affinity-purified antibody, designated anti-PrP-N, using
N-terminal peptide coupled to formyl-cellulofine gel. The
third antibody is a newly generated polyclonal antibody
against the Fd-PrP fusion protein. A rabbit was immu-
nized with the Fd-PrP fusion protein (about 500 ,ug),
which was emulsified with complete Freund's adjuvant.
After serial boosters (4 times), the antibody titer was
checked to immunostain kuru plaques. We also pre-
pared the affinity-purified antibody, designated anti-Fd-
PrP.

To check the specificity, we performed a preabsorp-
tion study using anti-PrP-N. The anti-PrP-N was diluted
1:200 (0.5 ,ug/ml) in 2 ml of 5% nonfat milk, 25 mmol/l
Tris-HCI (pH 7.6), 0.05% Tween 20, 0.5 mol/l NaCI con-
taining 200 ,ug of PrP-N peptide or 2 mg of Fd-PrP inclu-
sion bodies. After overnight incubation at 40C, the solu-
tion was centrifuged at 1 0,000g for 30 minutes. The su-
pernatants were used for immunohistochemical staining.
We also used anti-synaptophysin antibody (anti-SYP,
DAKO, Denmark).

Immunohistochemical Analysis Using a
New Pretreatment-Hydrolytic Autoclaving

We studied formalin-fixed, paraffin-embedded tissue
sections from 50 patients with CJD, and 40 patients with
other neurologic disorders (Alzheimer's disease, senile
dementia, spinocerebellar degeneration, Parkinson's dis-
ease, progressive supranuclear palsy). All available par-
affin blocks were cut into 7-,um sections.
We established a novel pretreatment, called "hy-

drated autoclaving," to enhance the immunoreactivity of
tau protein.18 However, this hydrated autoclaving exerted
only limited enhancement for cerebral amyloid com-
pared with the formic acid pretreatment.2 In search of a
more effective enhancing method, we modified the hy-
drated autoclaving by adding hydrolytic agents, espe-
cially HCI, into distilled water. After deparaffinization, en-
dogenous peroxidase was blocked by incubation in
methanol containing 0.3% H202 for 30 minutes. The sec-
tions were autoclaved at 1210C for 10 minutes in a stain-
less-steel vessel filled with 1, 3, 10, or 30 mmol/l HCI in
distilled water to immerse the sections. After the pressure
in the autoclave had decreased to the atmospheric pres-
sure and the temperature had decreased to 600C, the
sections were taken out and washed with tap water and
50 mmol/l Tris-HCI (pH 7.6). The sections were incubated
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with anti-KPC (0.5 jig/mI), anti-PrP-N (0.5 jig/mI), or anti-
Fd-PrP (0.5 jig/ml) diluted in TTBS (25 mmol/l Tris-HCI
[pH 7.6], 0.05% Tween 20,0.5 mol/I NaCI) containing 5%
nonfat milk at 4°C. The following steps were performed
with the unlabeled antibodies biotin-streptavidin method
(ICN Immunobiologicals, Costa Mesa, CA) according to
the manufacturer's instructions. Diaminobenzidine was
used to develop the color.

Preparation of the Subcellular Fractions

We used brain tissues from two patients with CJD and
from one patient with systemic amyloidosis. These CJD
patients had a short clinical course (3 or 7 months). We
used the modified method to purify the fraction of mi-
crosome, synaptosome, and synaptic vesicles.1-21 The
cerebral cortex (wet weight 5 g) was homogenized in
buffered sucrose (5 mmol/l Hepes [pH 7.4], 320 mmol/l
sucrose). The homogenates were centrifuged at 800g for
10 minutes. The supernatant was centrifuged at 1 0,OOOg
for 20 minutes. The pellets (P10) were processed to purify
either the synaptosome or synaptic vesicles, and the su-

pernatant (Sl0) was centrifuged at 1 00,OOOg for 60 min-
utes to purify the microsome. For microsomal purification,
the pellet (P1lw) was suspended in the buffered sucrose,
and the suspension was overlaid onto sucrose gradient
(stepwise gradient; 0.32, 0.6, and 1.3 mol/l sucrose). The
gradient was centrifuged at 95,000g for 90 minutes. The
smooth microsomal fraction was recovered at the 0.6
mol/l/ 1.3 mol/l sucrose interface. For the purification of
synaptic vesicles and synaptosome, the P10 was resus-

pended in the buffered sucrose, and was centrifuged at
10,000g for 20 minutes. The pellet (P10-2) was resus-

pended in 4 ml of the buffered sucrose. We added 50 ml
of ice-cold distilled water into this suspension (hypotonic
shock), homogenized briefly, and left the lysate on ice for
30 minutes. The lysate was centrifuged at 22,000g for 20
minutes. The supernatant was centrifuged at 165,000g
for 120 minutes. The final pellet was designated as the
synaptic vesicle-rich fraction. For the purification of syn-

aptosome, the P1o2 was resuspended in the buffered
sucrose, and the suspensions were overlaid onto su-

crose gradient (stepwise gradient; 0.32, 1.0, and 1.2 mol/l
sucrose). The gradient was centrifuged at 95,000g for 90
minutes. The synaptosomal fraction was recovered at the
1.0 mol/l/ 1.2 mol/l sucrose interface. To check the purity
of each fraction, we examined under an electron micro-
scope (Hitachi H 7000, Japan) operated at 75 kV.

To detect the PrPCJD, the subcellular fractions purified
from 2.5 g tissue were resuspended and sonicated in 2
ml of 50 mmol/l Tris-HCI (pH 7.6), 2% Sarkosyl, 0.5 mol/l
NaCI. We added 5 jig of Proteinase K (E. Merck, Ger-
many) into the suspension, and incubated at 370C for 60

minutes. The digested samples were centrifuged at
411 ,OOOg for 60 minutes. The final pellets were analyzed
by Western blotting22 and by negative staining for elec-
tron microscopic examination.23 A reflectance densito-
metric measurement of the intensity of staining and the
width of the immunoreactive bands on Western blot
membrane was obtained with a Dual Wavelength TLC
Scanner (CS-930, Shimazu, Japan).

Double Immunofluorescence

For double immunofluorescent assay24 with anti-SYP and
anti-PrP, we used tissue sections from CJD patients with
a short clinical course. After pretreatment with the hydro-
lytic autoclaving, the sections were blocked with TTBS
containing 5% nonfat milk for 30 minutes and were incu-
bated for 48 hours with anti-SYP (5 ,ug/ml) and anti-PrP-N
(10 ,ug/ml) was diluted with TTBS containing 3% bovine
serum albumin (BSA) at 40C. After washing with TTB
(0.1% Triton X-1 00, 50 mmol/l Tris [pH 7.6]), the sections
were incubated overnight with fluorescein-linked donkey
anti-rabbit IgG (1:50, Amersham, UK) and biotinylated
anti-mouse IgG (ICN Immunobiologicals) at 40C. After
washing with TTB, they were then incubated for 2 hours
with Texas-Red conjugated streptavidin (1:100 in TTBS
containing 3% BSA, Amersham) at room temperature.
After washing with TTB, the sections were mounted in
glycerol, and examined by a Zeiss Axiophoto micro-
scope (Germany).

Results

Effect of Hydrolytic Autoclaving on
PrP Immunoreactions

In formalin-fixed paraffin-embedded tissue sections from
CJD patients with a long clinical course, a few PrP de-
posits were documented positively with PrP antibodies
(anti-KPC, anti-PrP-N, or anti-Fd-PrP) without applying hy-
drolytic autoclaving. When the sections were treated with
hydrolytic autoclaving, diffuse gray matter stainings were
noted (Figure 2). These diffuse stainings were widely dis-
tributed through the gray matter of the central nervous
system. The diffuse gray matter stainings were detected
in all the CJD patients examined, but not in 40 patients
with other neurologic diseases.

At first, we evaluated the optimal concentration of HCI
for hydrolysis of tissue sections. We examined concen-
trations of HCI at 0, 1, 3, 10, and 30 mmol/l. The best
efficacy was obtained at a concentration of 3 mmol/l HCI
in most of the cases. In two different situations, however,
autoclaving at 3 mmol/l HCI did not provide efficacy; in
one case, autoclaving at this concentration was so ex-
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Figure 2. Macroscopic observations ofPrP immunostainings after hydrolytic autoclaving. Anti-Fd-PrP revealed diffuse gray matter stainings
after hydrolytic autoclaving. In the temporal lobe including hippocampus ofa CJDpatient (A), diffuse immunolabelings are observed in the
whole gray matter areas such as the cortex, caudal part ofputamen (solid arrows), lateral geniculate body (open arrow), whereas white
matter is not immunolabeled. In the vermis ofthe cerebellum ofanother CJDpatient (B), diffuse immunolabelings are also observed entirely
in the molecular layer and the granular cell layer. Bar = 1 cm.

cessive that it damaged the morphology of the tissue and
resulted in the ineffective enhancement of PrP immuno-
reactions. We, therefore, reduced the concentration to 1
mmol/l HCI in such a case. In the second case, autoclav-
ing at 3 mmol/l HCI was insufficient to enhance PrP im-
munoreactions. In such a case, we raised the concentra-
tion of HCI to either 10 mmol/l or 30 mmol/l. Thus, we

selected the concentration of 3 mmol/l HCI at first, and
when it turned out to be ineffective we changed the con-

centration to either decrease or increase HCI.
To evaluate the hydrolytic activities during autoclav-

ing, we carried out Western blot analysis using the elec-
troeluted Fd-PrP fusion protein (Figure 3). As the concen-
tration of HCI increased, the hydrolytic activities also in-
creased. Finally, autoclaving at 30 mmol/l HCI hydrolyzed
the Fd-PrP fusion protein into small peptides that were not
immunolabeled by the anti-KPC antibodies. Excessive
hydrolysis of the peptide bond diminished the PrP immu-
noreactions on the immunoblots, as with the damaged
tissue sections.

Newly Recognized Structures
Containing PrPCJD

Although we could not detect any PrPc immunoreactions
in the 40 control patients with other neurologic diseases,

kuru plaques in GSS patients were strongly immuno-
stained after hydrolytic autoclaving. However, the most
conspicuous findings obtained after hydrolytic autoclav-
ing were diffuse gray matter stainings in macroscopic
observations. Microscopic observations, especially in
CJD patients with a short clinical course, helped to visu-
alize the precise localization of PrPCD. CJD patients with
a long clinical course had damaged structures in their
brains, so-called "status spongiosus." Only dot-like stain-
ings, which were similar to the diffuse neuropil stainings in
scrapie, were distributed diffusely throughout the gray
matter in the central nervous system.9'10 However, using
the tissue sections from CJD patients with a short clinical
course, we were able to establish a characteristic stain-
ing pattern in the globus pallidus (Figure 4). Immuno-
stained structures were composed of individual small
punctate stainings which were suggestive of synaptic
bouton staining, and appeared like so-called 'woolly fi-
bers' revealed by immunostainings with the marker of
axon terminals.25,26 To compare with PrP immunostain-
ings, we used anti-SYP as the marker of synaptic vesi-
cles. Anti-SYP immunolabeled small punctate structures,
and these punctate stainings built up 'woolly fibers' in the
globus pallidus (Fig. 4). The same structures were repro-
duced by all our 3 antibodies against human PrP. In the
cerebral cortex, the punctate stainings with anti-PrP were
seen around the cortical neurons (Fig. 5). Anti-PrP did not
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course of the disease, and the fine punctate PrPcD stain-
2 3 4 5 8 ings around the corical neurons could no longer be ob-

served. In a CJD patient with a long clinical course, se-
vere neuronal loss was observed in the cerebral neoco-
rtex and the cerebellar granular cell layer. In such
patients, SYP immunoreactivity was moderately to mark-
edly decreased due to neuronal cell death. However, we

470

33

Figure 3. Effect ofhydrolytic autoclaving on Fd-PrPfusionprotein
on Western blot. The electroeluted fusion protein was dialyzed
against distilled water and lyophilized. The lyopbilizedfusion pro-
tein was dissolved in 1% SDS solution in distilled water and was
treated with thefollowingprocedures. Fd-PrP in Lane 1 was boiled
ordinarily at 100°Cfor 10 minutes. To samples in Lane 2 to 6, we
added 0, 1, 3, 10, or 30 mmol/l HCI at final concentration, re-
spectively, and autoclaved them. Tbe samples were analyzed by
SDS-PAGE (10% acrylamide) and Western blotting with KPC an-
tiserum. Fd-PrPfusion protein is hydrolyzed increasingly accord-
ing to increasing concentration of HCI. In Lane 5 (10 mmol/l
HCI), Fd-PrP exhibits immunoreactions only at the dye front. In
Lane 6 (30 mmol/l HC), Fd-PrP is thoroughly hydrolyzed into
peptides and is no longer recognized immunochemically.

react with cytoplasm of neurons. In the cerebellum, anti-
PrP revealed fine dotted stainings in the molecular layer,
and coarse dotted stainings in the granular cell layer (Fig.
5). These fine and coarse dotted stainings were also
stained with anti-SYP, and the coarse dotted stainings
may correspond to the cerebellar glomeruli which are
composed of axon terminal of mossy fibers. In the brain
stem and the spinal cord, these punctate stainings were
also documented in almost all subcortical nuclei, but the
staining intensities varied from case to case. Even after
hydrolytic autoclaving, no convincing immunostainings
were observed in either the astrocytes, oligodendro-
cytes, ependymal cells or vascular walls of CJD patients.

To check the specificity of immunoreaction, we pre-
pared and used three different antibodies against human
PrP, and performed negative control studies including
preabsorption, omission of the primary antibody, and im-
munostainings using purified IgG (0.5 ,ug/ml) from pre-
immune sera. The PrPCJD positive structures shown here
were equally documented by three PrP antibodies, and
were abolished by the control studies (Figure 6).

In our preliminary study, CJD patients with a long clin-
ical course had dot-like stainings distributed diffusely
throughout the gray matter. The morphology of the brain
tissues was markedly damaged due to the prolonged

Figure 4. Newly revealed pApCJD structures in the globuspallidus.
In the globus pallidus ofa CJD patient (A), anti-PrP-N reveals the
structures designated 'woollyfibers, " which are composed ofsmall
punctate PrP stainings. These punctate stainings are seen mainly
on the dendrites, andsometimes on the neuronal cell bodies. In the
same patient (B), anti-SYP also reveals the same structures in the
globus pallidus (nonserial section). In a patient with Alzbeimer's
disease (C); however, anti-PrP-N does not show any immunoreac-
tions in the globus pallidus. Bar = 100 VLm.
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detected punctate PrPCJD or SYP stainings in the hippo-
campus and the brain stem nuclei, where the neuronal
structures were well preserved in spite of the prolonged
disease course (Figure 6).

Figure 6. Synaptic PrP stainings in CJD patients with a long clin-
ical course. Anti-PrP-N immunostainings reveal fine punctate
structures in the inferior olive nucleus ofa CJDpatient with a long
clinical course (A). The absorption of anti-PrP-N with synthetic
PrP-Npeptide abolishes these synaptic stainings in the senal section
(B). In another CJD patient with a long clinical course, anti-KPC
revealsfinepunctate stainings around the cell body and dendrites
ofa neuron in CA 4 region of the hippocampus (C). Bar = 100
pLm in (A) and (B). Bar = 20 p.m in (C).

Figure 5. PrPCJD accumulations in the cerebral and cerebellar
cortices In the cerebral corte-x ofa CJDpatient with a short clinical
course (A), anti-PrP-N documents punctate stainings around the
cell bodies and dendrites ofcortical neurons. While in the cerebral
cortex ofa patient with Alzbeimer's disease, the documentation of
PrP immunoreactions was not obtained (B). In the cerebellar cor-
te-x ofa CJDpatient (C),finepunctate stainings are observed in the
molecular layer, and coarse dotlike stainings are seen in the gran-
ular cell layer. These punctate stainings were sometimes seen
around the cell bodies of Purkinje cell. Bar = 100 pLm.

For a precise comparison of the immunolabeled
structures revealed by anti-PrP and those by anti-SYP,
we performed a double-immunofluorescent analysis. Un-
fortunately, lipofuscin granules in neurons had endoge-
nous fluorescent activity, and interfered in the precise
analysis around neurons. Therefore, we examined glo-
bus pallidus and substantia nigra in which woolly fibers
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Figure 7. Double immunofluorescent study with anti-PrP-N and
anti-SYP. PrP immunoreactions are documented with FITC
(green), and SYP reactions with Texas Red (red). On one woolly
fiber in the globuspallidus ofa CJD patient, PrPpositive reactions
(A) are colocalized with SYP reactions (B). Arrows show the colo-
calized synaptic structures. Bar = 10 p.m.

were observed in anti-PrP or anti-SYP immunostainings.
Double immunofluorescein showed the colocalization of
the PrPCJD and SYP immunoreactivities on the woolly fi-
bers (Figure 7).

Subcellular Fractions to Detect PrPCJD
and PrPc

To obtain biochemical information about the synaptic
structures, we examined the synaptosome, synaptic ves-
icle-rich, and microsome fractions. Previous studies re-
ported that microsomal fractions,27 or microsomal and
synaptosomal fractions28 contained PrPSc in scrapie-
infected animals. Compared with the amyloid fibril purifi-
cation method,-9 amyloid fibrils may be copurified in the
microsomal fractions. Therefore, we performed additional
sucrose gradient centrifugation to get smooth microso-
mal fractions and to avoid amyloid fibril contamination. In
case of synaptic vesicle purification, we could not get
enough yields to perform Western blot analysis in the final
step reported by Huttner et al.20 Therefore, we used the
intermediate step of synaptic vesicle-rich fractions.

Concerning the yields of the synaptosomal fractions,
we got 1000 to 1200 jig protein/g tissue from a non-CJD
control subject, 750 ,ug/g from a CJD patient with a
3-month clinical course, and 150 ,ug/g from another CJD
patient with a 7-month duration. By Western blotting, we
analyzed the concentration of total PrP (PrPCJD and PrPc)
in each subcellular fraction. We applied 10 ,ug protein of
the subcellular fraction to each well of the gel. To detect
PrPCJD, we also applied proteinase-digested samples,
which were originally derived from each 10 pLg protein of
the subcellular fraction. The synaptosomal fraction was
found to have the highest concentration of PrPCJD (Figure
8). In protease-digested fractions from the non-CJD
case, we were not able to identify any positive immuno-
reactions. To compare the PrP concentration in each
fraction of the CJD patient, we carried out a reflectance

densitometric measurement (Figure 8). We measured the
immunolabeled bands of 34-36, 29-33, 24-27, and 19-
21 kd in each subcellular fraction, and the bands of 27-
31, 23-35, and 19-21 kd in each proteinase-digested
fraction. The ratio of the PrPCJD to the total PrP was 67%
in the synaptosome, 35% in the microsome, and 16% in
the synaptic vesicle-rich fraction.

To examine the purity of each subcellular fraction, we
observed the fractions under electron microscopic ex-
amination (Figure 8). The subcellular fractions exhibited
compatible structures as reported previously,19,21 and
we recognized many prion rods in the proteinase-
digested synaptosomal fraction from the CJD patients.

Discussion

We have achieved the in situ immunodetection of PrPC-JD
in all patients with CJD. Our results show that PrPCJD
accumulates mainly in the synaptic structures of neurons
throughout the central nervous system. These observa-
tions suggest that synaptic PrPCJD accumulations might
be responsible for both the neuronal dysfunction and cell
death that are seen in CJD patients.

Protein Denaturation and Immunoreactivity
of PrPCJD

We and other groups have reported that the extensive
denaturation of PrPCJD or PrPsc was necessary to pro-
mote the binding of antibodies to the epitopes of
PrP.2121330 Although a number of studies have indi-
cated that antibodies made against denaturated proteins
react more readily with denaturated antigens, the ex-
treme increase in PrPCJD immunoreactivity revealed here
was unexpected. The mechanism of protein denaturation
during hydrolytic autoclaving could thus be speculated
by the previous inactivation studies of enzymes.31 Under
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Figure 8. Subcellular localization of PrPQJD and Pr-P' a: Western blot analysis with each suhcellular fraction. Lane 1 corresponds to
synpatosome, Lane 2 to microsome, and Lane 3 to synaptic vesicles, all of which were purifiedfrom a CJD patient with a 3-month duration.
Lane 4 corresponds to synaptosome, Lane 5 to microsome, and Lane 6 to synaptic vesicles, which were purifiedfrom a non CJD patient. In
each Lane A, we applied 10 pg proteinfrom each suhcellular fraction. In each Lane B, we applied detergent-insoluble, proteinase-resistant
samples that were originally derivedfrom 10 jig of subcellular fractions to detect PrPCJD b: Densitometric measurement of total PrP and
PrPCJD in subcellulrrcins u idrma CJD patient. We compared the intensity of the immunoreactive hands on Western blots using
a reflectance de~nsitometer Thin lines are corresponding to the absorbance ofLane A (total PrP) in (a), and thick lines to Lane B (PrIJD).
Solid arrow shows thepeak corresponding to 19-21 kd band, and open arrow corresponding to 34-36 kd. c: Electron microscopic analysis
ofsubcellularfractionsfrom a CJD patient. Synaptosome (A), microsome (B), synaptic vesicles (C), prion rod (D). We couldfind many axon
terminals in (A), smooth microsomes in (B). In (C), the synaptic vesicle-rich fraction contain-s the contamination of smooth microsome.
Because oflowprotein yields in the synaptic vesiclepurification, we had to analyze the intermediate step ofthepurification method (Materials
and Methods): (D) showsPrion rods in detergent-in-soluble, proteinase-resistantfraction fr-om synaptosome purifiedfrom a CJD patient. Bar
=-300nmin (A), (B)and (C). Bar =l00nmin (D).

acidic condition at high temperatures, enzyme inactiva-
tion is caused by hydrolysis of peptide bonds at Asp
residues, deamidation of Asn or Gin residues, and the
destruction of disulfide bonds including p-elimination.3
Western blot analysis after hydrolytic autoclaving showed
that Fd-PrP fusion protein was hydrolyzed increasingly
according to the concentration of HCI. This hydrolytic ac-
tivity on the fusion protein correlated well with its enhanc-

ing effect on in situ PrpCJD immunoreactivity. Therefore,
hydrolytic autoclaving may alter the primary structures
(peptide bond hydrolysis, deamidation, etc.) of PrP in
situ. We could not detect any PrPc immunoreactions in
non-CJD cases. These results suggest that the hydrolytic
procedure may be too drastic for PrPc immunoreactivity
to be revealed. Under a milder hydrolytic condition, how-
ever, we did not reveal PrPc immunoreaction constantly.
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Therefore, the demonstration of PrP0 immunoreactivity
may be also dependent on the fixation conditions.

Synaptic Localization of PrPcJD

Synaptic staining of PrPCJD, as well as the highest con-
centration of PrPCJD in the synaptosomal fractions, sug-
gest that PrPCJD is accumulated in the synapses during
the disease process. In spite of the decreased SYP im-
munoreactivity and the low yields of synaptosomal frac-
tions in a CJD patient with a 7-month clinical course, they
still had diffusely distributed dotlike PrP immunoreactivi-
ties. Therefore, the majority of the PrPCJD positive synap-
tic structures corresponded more closely to that of dam-
aged synapses rather than to the intracellular accumula-
tions of PrPCJD. Even in CJD patients with a long clinical
course, the fine punctate synaptic stainings were re-
vealed with PrP and SYP immunostaining in their hippo-
campus and brain stem nuclei. It is well known that the
hippocampus and brain stem nuclei are regions resistant
to the disease process. These data suggest that the neu-
ronal dysfunction and cell death may follow the degen-
eration of synapses with results from abnormal accumu-
lations of PrPCJD.

Recently, dystrophin molecules were observed in the
postsynaptic regions of the central nervous system.33
Anti-dystrophin immunostainings also revealed synaptic
punctate stainings in a similar manner as anti-SYP (pre-
synaptic marker). The precise localization of PrPCJD in the
synaptic structures will be important, and the higher res-
olution achievable by immunoelectron microscopic ex-
amination may help resolve this issue. At present, how-
ever, these synaptic stainings are revealed only by hy-
drolytic autoclaving, and this pretreatment destroys the
fine morphologic structures at the electron microscopic
level. We still can not identify in which side of the synap-
sis, presynaptic or postsynaptic regions, PrPCJD accu-
mulates. However, previous reports have put forth the
hypothesis of PrPCJD localization.3436 After intraocular
inoculation with either scrapie or CJD agent, scrapie in-
fectivity and degenerative vacuolations were initially lo-
calized within the contralateral superior colliculus in
mice.3436 In some scrapie mice, the visual cortex was
also involved unilaterally in the late stage.35 Therefore, it is
becoming clear that a major route of the agent spread
involves neuronal pathways probably via axonal and
trans-synaptic infection. They also reported that the infec-
tious agent accumulated in the target region (superior
colliculus) rather than the axonal portion (optic nerve).
Their findings correlate well with the synaptic PrPCJD ac-
cumulations reported here, and suggest that the site of
accumulations may be the axon terminals. Hydrolytic au-
toclaving revealed PrPCJD accumulations in the gray mat-

ter, not in the white matter, or if present then only slightly.
Our immunohistochemical results correspond with these
scrapie infectivity studies.

Previously, a major obstacle for studying the patho-
genesis of CJD arose from the inability to recognize
PrPCJD in situ. However, hydrolytic autoclaving provides
a clue to understanding local events in the central ner-
vous system with CJD. Synaptic PrPCJD accumulation
may explain a loss of normal neuronal functions, which
results in dementia as seen in CJD patients. We found
that PrPCJD accumulation may play a central role in the
pathogenesis of CJD.
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