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Fig. 1. Structure of the expression vectors ((A) pPDS, Yamanaka et
al., 1995; (B) pCPDS; and (C) His-pCPDS). RBS-g3L: ribosomal
binding site and leader sequence of ¢p3; Ck: mouse Ck sequence;
Cn: chicken Ch sequence; FLAG: FLAG sequence; 6 X His:
histidine repeat sequence; Amb: amber stop codon (TAG).

scFv gene only reacted with the anti-chicken A chain
antibody (data not shown).

Western blotting was performed to determine
whether the scFv mAbs from the two vectors
(HUC2s-1 and HUC2s-2) expressed the FLAG
sequence. The HUC2s-1 and HUC2s-2 showed a
single band of approximately 38-40 kDa, which is
in agreement with the predicted size of the antibody-
construct including the detection tag (Fig. 2A).
HUC2s with the mouse Ck was only detected by the
anti-mouse & antibody, as expected. These results
showed that HUC2s-1 and HUC2s-2 expressed the
FLAG tag, and that the incorporated stop codon was
recognized correctly.
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Fig. 2. Detection of recombinant chicken scFv mAbs. (A) Western
blotting analysis of recombinant chicken mAbs, HUC2s-1 (lanes 1
and 4), HUC2s-2 (lanes 2 and 5) and HUCZ2s (fanes 3 and 6). The
mAbs were separated in a 15% SDS-polyacrylamide gel and blotted
onto PVDF membrane. The antibodies were detected with a
peroxidase-labeled anti-mouse r antibody (lanes 1-3) or a biotin-
labeled anti-FLAG antibody and an ABC kit (Vector Laboratories,
USA) (lanes 4—6). The numbers on the left represent the apparent
molecular masses in kDa, (B) Purification of recombinant mAbs,
HUC2s-1 (lanes 1 and 2) and HUC2s-2 (lanes 3 and 4). The arrow
indicates the objective band. Lanes 1 and 3, unpurified bacterfal
supematant; Lanes 2 and 4, HUC2s-1 and HUC2s-2, respectively,
purified using the two-step method. The numbers on the left
represent the apparent molecular masses in kDa.
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3.3. Purification of recombinant scFv mAb

HUC2s-1 and HUC2s-2 were purified by anti-
FLAG or nickel-chelating affinity chromatography,
and ultimately purified using gel-chromatography.
Yields were 1.743 mg/l culture supernatant after
purification using the anti-FLAG column and gel-
chromatography, and 1.197 mg/l culture supemnatant
after purification using the nickel-chelating affinity
column and gel-chromatography. Purified mAbs
were detected as a single band that corresponded
to the molecular weights obtained in Western blot-
ting (Fig. 2B). Although the purified mAbs showed
dose-dependent reactivity with the H25 peptide anti-
gen by ELISA, the concentration of the 1/2 maximal
signal (optical density) of HUC2s-1 purified by anti-
FLAG affinity chromatography was about 10-fold
lower that that of HUC2s-2 purified by nickel-
chelating affinity chromatography (Fig. 3). The opti-
cal density of the original HUC2-13 treated with 0.1
M glycine—HCI (pH 2.2) at 30 min was also lower
than that of the non-treated HUC2-13 (unpublished
data). These results show that the HUC2-13 scFv
form was more sensitive to acid conditions than the
intact form of HUC2-13 and that it is necessary to
maintain neutral pH conditions during scFv mAb
purification.
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Fig. 3. ELISA analysis of the purified scFv antibodies. Two-fold
serially diluted seFv mAbs were reacted with the H25 peptide.
Absorbance of the mAb from pCPDS (HUC2s-1}) is represented by
open squares and that of the mAb from His-pCPDS (HUC2s-2) is
represented by closed squares. Data tepresent the mean + S.D.,
n=3 wells/experiment.
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Fig. 4. Functional analysis of recombinant mAbs. (A) Binding
specificity of recombinant HUC2-13 scFv. Open bars represent the
H25 peptide. Solid bars represent the BSA antigen. Data represent
mean + S.D., =3 wells/experiment. (B) Western blotting analysis
of mouse brain PrP* using recombinant mAbs, Lane 1 was stained
with the supematant from a HUC2-13 hybridoma culture. Lanes 2, 3
and 4 were stained with the soluble mAbs HUC2s-1, HUC2s-2 and
HUC2s, respectively. The numbers on the left represent the apparent
molecular masses in kDa.
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3.4. Functional analysis of recombinant scFv mAb

The specificity of the mAbs, the phage-displayed
mAbs and sc'utic mAbs from the bacterial culture
supemnatant were determined by ELISA using syn-
thetic human PrP peptide (H25) or BSA (control
antigen) and Western blotting using mouse brain
homogenates. The phage-displayed mAbs (HUC2p-1
and HUC2p-2) and the soluble mAbs (HUC2s-1 and
HUC2s-2), as well as the culture supemnatant of the
HUC2-13 hybridoma, were shown to bind specifically
to H25 (Fig. 4A). The low reactivity of scFv from
pPDS was because the anti-chicken M secondary
antibody could only recognize VX of the HUC2-13
scFv. In Western blotting, HUC2s-1, HUC2s-2,
HUCZ2s and intact HUC2-13 showed three bands of
PrP due to differences in the glycosylation (Prusiner et
al., 1998} (Fig. 4B). The signal intensities of HUC2s-
1 and HUC2s-2 were greater than that of HUC2s.
Background staining was minimal with HUC2s-1 or
HUC2s-2 when compared with HUC2s.

The scFv has the chicken CA chain, and thus it is
not necessary to use an antibody against the specific
tag for detection; it can be detected as a chicken
antibody. This scFv can also be applied to two-anti-
body assay systems together with other chicken anti-
bodies, if an antibody against FLAG or the 6 x His tag
is used for detection. In conclusion, we have estab-
lished two new vectors (pCPDS and His-pCPDS) for
the production of recombinant chicken scFv antibod-
ies having the same binding specificity as the original
antibody. The present results may provide an alter-
native to chicken mAb production from hybridomas
and immunized-chicken splenocytes as well as con-
tribute to the more widespread use of chicken mAb
reagents in numerous fields.
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Short Communication

Generation of Antibodies Against Prion Protein by
Scrapie-Infected Cell Immunization of PrP%° Mice

NAOTO NAKAMURA,! KAZUYOSHI MiYAMOTO,' MARIKO SHIMOKAWA,' NORIUKI NISHIDA,?
SHIROU MOHRI,* TETSUYUKI KITAMOTO,* HIROYUKI HORIUCH,'
SHUICHI FURUSAWA,! and HARUO MATSUDA!

ABSTRACT

Four monoclonal antibodies (MAbs) specific for prion protein (PrP) were generated by using PrP-knockout
mice immunized with a scrapie-infected mouse neuroblastoma cell line (N2a/22L). The MAbs reacted with
both the cellular form (PrP<) and the protease K-treated form (PrP5) on Western blotting. Of the four MAbs,
three recognized mouse and hamster PrP, while the remaining MAD recognized mouse, sheep, and bovine
PrPs. In addition, these MAbs were shown to react only with the unglycosylated and monoglycoslated forms
of PrPSc in N2a/22L, but reacted with all glycosylated forms of PrPC and PrP5 from mouse brain. This study
was the first to report the development of anti-PrP MAbs using scrapie-infected cells as an immunogen and

provides one approach for the generation of PrP-specific MAbs.

THE TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHIES (TSEs)
are a group of fatal neurodegenerative disorders that in-
¢clude Creutzfeldt-Jacob disease (CJD) in humans, scrapie in
sheep and goats, and bovine spongiform encephalopathies
(BSEs).(1 These disorders are believed to occur through the ac-
cumulation of an abnormal pathogenic prion protein isoform
(PrP%¢) that is converted from cellular PrP (PrPC). The Prps
possesses some protease K (PK) resistance, whereas PrpC is
completely digested by PK.Z—%

Final confirmatory diagnoses of TSEs as well as the study
of basic prion biology and their pathogenesis require the use of
PrP-specific antibodies.®®) Although numerous groups at-
tempted to generate PrP-specific monoclonal antibodies
(MAbs), the high homology (>84%) among mammalian PrP
amino acid sequences limited development of such MAbs.t
As a result, a limited number of the MAbs are available for de-
tecting PrPs of different origins.”# To circumvent this im-
munotolerance in laboratory animals immunized with PrP,

PrP%® mice, which tack PrP tolerance characteristics, are used
for the production of PrP-specific MAbs. Numerous PrP-spe-
cific MAbs have been raised using PrP¥® mice immunized with
recombinant PrPs, %9 synthetic PrP peptides,''% DNA encoded
PrP,(!V or purified scrapie-associated fibril (SAF).(!D However,
it is difficult to prepare these immunogens in sufficient volume.
On the other hand, scrapie-infected cell lines, such as ScN2at!d
or N2a/22L,""* may have the same immunogenic effects against
PrPY mice as immunization with intact forms of PrPS¢ and
PrPC, because these cell lines are of mouse crigin and the PrP™
mice will show the immunotolerance against cellular compo-
neats other than PrP.

In this study, four MAbs specific for PrP were generated by
using PrP%® mice immunized with N2a/22L cells. The MAbs
reacted with both PrP€ and PrP%¢ on Westemn blotting. Of the
four MAbs, three recognized mouse and hamster PrP, while the
remaining MADb recognized mouse, sheep and bovine PrPs. In
addition, these MAbs were shown to react only with the un-

1 aboratory of Immunobiology, Department of Molecular and Applied Bioscience, Graduate School of Biosphere Science, Hiroshima Uni-

versity, Higashi-Hiroshima, Japan.

IDepartment of Molecular Microbiology and Immunology, Graduate School of Medical Sciences, Nagasaki University, Nagasaki, Japan.
¥ aboratory of Biomedicine, Center of Biomedical Research, Graduate School of Medical Sciences, Kyushu University, Higashi-ku, Fukucka,

Japan.

4Department of Neurological Science, Graduate School of Medicine, Tohoku University, Acba-ku, Sendai, Japan.
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glycosylated and monoglycosylated forms of PrP5<in N2a/22L,
but reacted with all glycosylated forms of PrPC and PrP5¢ from
mouse brain. This study is the first report on the development
of anti-PrP MAbs using scrapie-infected cells as an immuno-
gen and will provide one approach for the generation of PrP-
specific MAbs. We herein report the first successful immu-
nization of PrP% mice with the N2a/22L cell line, which
expresses more PrPS¢ and is more stable than ScN2a, and the
establishment of MAbs against PrP.

Monoclonal antibodies were generated by conventional cell
fusion technology. Briefly, 6-week-old PrP”® mice!!*! were im-
munized intraperitonealy {i.p.) with N2a/22L (2.0 X 10° cells
per body). The mice received five additional i.p. injections of
the corresponding antigen at 3-week intervals. Three days af-
ter the final boost, the splenocytes from the immunized-mice
were fused with the SP2/0-Ag14 cells (SP2).'%! Cell fusion was
carried out at SP2/splenocytes ratio of 1:5 in 50% (w/v) poly-
ethylene glycol 1500 (Roche Diagnostics, Mannheim, Ger-
many) and selected in HAT medium. The supernatants were
screened by ELISA using recombinant PrPs. In the determina-
tion of specificity of the mAbs, various recombinant PrP pep-
tides were used. The ELISA plates (Maxisorp, Nunc, New
York) were coated with 50 puL/well (2.5 pg/well) of various
recombinant PrP peptides and washed and blocked with 350
pLiwell of PBS containing 25% BlockAce (Yukijirushi, Japan)
at 37°C for 2 h. The hybridoma culture supernatants were then
added to each weill {50 pLfwell) and were incubated at 37°C
for 1 h. The specific MAbs were detected using a peroxidase-
labeled anti-mouse Ig antibody (Kirkegaard and Perry Labora-
tories, Gaithersburg, MD). After washing the plates, o-phen-
ylene diamine sulfate (Sigma, St. Louis, MO} was added and
the optical density was measured at 492 nm. Recombinant PrP
fragments, M23-231, M23-87, M23-167, M23-214, M89-231,
M155-231 (mouse PrP: codon 23-231, 23-87, 23-167, 23-214,
89.231 and 155-231) and Ha23-231 (hamster PrP: codon
23-231) were kindly supplied by Dr. Horiuchi (Obihiro Univ.
Agric. Vet. Med. Japan). Recombirant PrP fragment, H122-230
(human PrP: codon 122-230), MI121-231 (mouse PrP: codon
121-231), §125-234 (sheep PrP: codon 125-234) and B133-241
(bovine PrP: codon 133-241) were generated with pET22b
(Novagen, Darmstadt, Germany), and purified with nickel ion-
charged Chelating Sepharose Fast Flow (Amersham Bio-
sciences, Sweden) and HiPrep Sephacry! $-100 HR (Amersham
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FIG. 1. Western blot profiles of mouse, sheep, and bovine

PrPC using PrP-specific mouse monoclonal antibodies. Color
development was performed using a peroxidase/ECL system.
Mo, Sh, Bo, and 0/0: wild mouse, sheep, bovine, and PrP%°
mouse brain homogenate, respectively. The numbers at the left
represent the apparent molecular masses in kDa.
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FIG. 2. Western blot profiles of PK-treated mouse PrP5¢ us-
ing PrP-specific mouse monoclonal antibodies. Color develop-
ment was performed using a peroxidase/ECL system. Br,
scrapie infected-mouse brain; C, N2a/22L. The numbers at the
left represent the apparent molecular masses in kDa. *The
phAb3-7 recognizing mouse PrP 90-110 amino acid residues
was used as a positive control.

Biosciences, Uppsala, Sweden) according to manufacturers’ in-
structions. Synthetic mouse PrP peptides (M53-68, M69-84,
MB85-100, M94-109, M109-127, M124-144, M141-159, M156-
175, M172-181, M182-150, M187-204, M205-224 and M220-
242) were synthesized by a solid-phase peptide synthesizer sys-
tem Model PSSM-8 (Shimazu, Kyoto, Japan).

Positive hybridoma cells were cloned by limiting dilution.
Subclassification of the antibodies was carried out using a
mouse MADb isotyping kit (Amersham Biosciences, Sweden).
Some hybridoma cells exhibited diminution of PrP-specific Ab
secretion and cell-death, as reported previously.('” Four hy-
bridoma clones producing specific antibody were subsequently
identified. Thee MAbs, named 22L/2HS (2H9), 22L/1A3(1A3),
22L/12H12 (2HI2) and 220L/8H12 (8HI12), were classified as
I2G,/x, except for 8H12, which was IgM/k (data not shown).

The epitopes of these MAbs were determined by ELISA us-
ing recombinant mouse PrPs of various regions. The MAbs 2H9
and 1A3 reacted with M23-231, M89-231, and M121-231, and
the mAbs 2H12 and 8H12 reacted with M23-231, M89-231,
M121-231 and M155-231. None of the MAbs showed reactiv-
ity against the three C-terminus truncated-mouse PrPs (M23-
87, M23-167 and M23-214) or the 13 overlapping peptides de-
rived from the mouse PrP sequence. These results indicated that
the four MAbs bind to discontinucus epitopes, and that the C-
terminus of the PK-resistant core region (codon 121-231) is an
important site for MAb recognition. Moreover, it showed that
antigen presentation was dependent on maintaining an intact
PrP conformation. In the present study, none of the MAbs rec-
ognized the PK-sensitive regions of PrPs developed by cell fu-
sion.

The cross-reactivity of the four MAbs with mammalian PrPs
was assessed by ELISA using recombinant mouse, hamster, hu-
man, sheep and bovine PrPs. The MAbs 219, 1A3 and 8H12
reacted with mouse and hamster PrPs, while the mAb 2H12 re-
acted with mouse, sheep and bovine PrPs. None of the MAbs
reacted with human PrP.

In Western blotting analysis, normal brain tissues from
Balb/c mouse, sheep, and bovine, as well as brain tissue from
PrP*® mouse were homogenized in 9 vol of lysis buffer (10
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mM Tris [pH 7.5], 100 mM NaCl, | mM EDTA, 0.5% Triton-
X100, 0.5% sodium deoxycholate) containing a protease in-
hibitor cocktail (Roche Diagnostics). Homogenates were cen-
trifuged at 800 X g for 5 min. Protein concentration in the
supernatant was measured with the DC protein assay kit (Bio-
Rad, Hercules, CA). The equivalent of 50 ug total protein un-
der non-reducing conditions was separated on a 13.5% poly-
acrylamide gel and then transferred to an Immun-Blot™ PVDF
membrane (Bio-Rad) at 200 mA for 2 h. The membranes were
then incubated for 1 h at room temperature with the different
MAbs, developed by peroxidase-conjugated anti-mouse Ig an-
tibodies and the ECL (Amersham Biosciences, Sweden), and
then exposed on x-ray film RX-U (FujiFilm, Tokyo, Japan) for
3 min.

Mouse PrP5¢ was prepared from scrapie-infected mouse
brain (kindly supplied by Dr. Yokoyama of the NIAH, Japan)
and N2a/22L., Preparation of PK-treated PrP%¢ from brain and
N2a/22L was conducted as described previously.('*1% These
samples were separated on a 13.5% polyacrylamide gel and
blotted as described above.

Western blot analysis was used to confirm the reactivity of
these four MAbs with PrPC and PrP%°. Figure 1 shows the de-
tection of PrPC in mouse, sheep and bovine brain tissues by
MAbs 2H9, 1A3, 2H12 and 8H12. The mAbs 2H9, [A3 and
8H12 recognized mouse PrP, but failed to react with sheep and
bovine PrPs. The MAb 2HI12 recognized mouse, sheep and
bovine PrPs. None of the MAbs reacted with the brain ho-
mogenate from PrP¥® mouse, confirming the specificity of all
the MAbs for PrP. Moreover, the reactivity of 2H9 and 1A3
against PrP decreased under reducing conditions (data not
shown). This result indicated that the epitopes for 2H9 and 1A3
formed an intramolecular disulfide bond with PrP.

Figure 2 shows the detection of PrP5¢ in scrapie-infected
mouse brain and N2a/22L cell line. All of the MAbs reacted
equally with all three glycoforms of PrP5 in infected mouse
brain; however, these MADbs failed to recognize the diglycosy-
lated form of PrP5¢ in N2a/22L. This may be due to differences
in the PrP5¢ between infected mice and N2a/22L cells. In West-
em blot analysis of PrP5¢ from mouse brain and N2a/22L us-
ing chicken anti-PrP recombinant MAb phAb3-7 (epitope,
mouse PrP codon 97-100, Nakamurz et al., in preparation), the
PrPSe profiles of N2a/22L could be distinguished from those of
infected-mouse brain by differences in the size of the unglyco-
sylated fragment and the mobility of the diglycosylated frag-
ment, as reported previously. ' This result supports the theory
that the glycosylation of the PrPS¢ depends not only upon the
strain but also on the host cell type.¢'®)

The scrapie-infected N2a/22L cell line for immunization
against PrP%? mice was effective for the production of PrP-spe-
cific MADs. This is because the cells are of mouse origin and
PrP*? mice will only respond to intact forms of expressed PrP.

In conclusion, we attempted to produce PrP-specific MAbs
using a scrapie-infected cell line as an immunogen against
PrP%C mice, and established four MAbs able to detect PrP in
Western blotting. In this study, although these antibodies could
not distinguish between PrPC and PrP5¢ (data not shown), it was
suggested that this immunization strategy might be useful for
producing antibodies that can recognize the various PrP iso-
forms. Furthermore, if scrapie strain-specific MAbs can be de-
veloped by immunization with infected cell line that maintain
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the properties of the scrapie strains, the progression of research
into the molecular mechanisms behind strain variation would
be greatly facilitated.
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Abstract Abnormal proteolysis may be involved in the
motor neuron degenération of amyotrophic lateral sclero-
. sis (ALS), Although several studies of the ubiquitin-pro-
teasome system in ALS have been reported, the endo-
some-lysosome system has not been investigated in detail.
To clarify the association of nevrodegeneration with the
endosome-lysosome system in ALS, we examined the
pathological expression of cystecine proteases such as
cathepsins B, H and L and an aspartate protease, cathep-
sin D, in the anterior horns of 15 ALS cases and 5 controls.
In the ALS cases, cathepsin B immunoreactivity was pref-
erentially decreased in the lateral parts of the anterior gray
homs compared with the controls. Its immunoreactivity
was increased in the cytoplasm of both shrunken and pig-
mented neurons but was weak in the neurons containing
Bunina bodies. In addition, reactive astrocytes were also
immunolabeled with cathepsin B. Cathepsin H and cathep-
sin L were detected in the cytopldsin of a small number of
shrunken and pigmented neurons. ‘Cathepsin D immuno-
reactivity was strong in the cytoplasm of all motor neu-
rons. The immunoreactivity of cathepsins H, L and D was
not significantly different between control and ALS cases.
Western blot analysis showed that the 25-kDa activated
form of cathepsin B was down-regulated in ALS. Our re-
sults suggest that cathepsin B is involved in the motor
neuron degeneration in ALS.
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introduction

Amyotrophic lateral sclerosis (ALS) is a human motor
neurcn disease characterized by the degeneration of both
upper and lower motor neurons [32]. Various types of de-
generative motor neurons, including shrunken, pigmented
and chromatolytic neurons, as well as normal-appearing
neurons, are seen in ALS [16]. Although several patho-
physiological hypotheses such as oxidative stress, excito-
toxins and cytoskeletal abnormalities [10, 14, 16, 18, 20,
22], have been proposed, the etiology of motor neuron de-
generation in ALS is still unknown.

Recently, abnormal proteolysis associated with neu-
ronal cell death has been reported in various neurodegen-
erative diseases such as Alzheimer’s disease (AD) [2, 31].
ALS is also associated with the abnormal proteolysis of
motor neurons [25, 30]. Various types of ubiquitinated in--
clusions, such as skein-like or spherical ones, are found in
ALS motor neurons, which suggests that the ubiquitin-
proteasome system is not well organized [25]. Among
other proteolytic pathways, the endosome-lysosome sys-
tem is noted as well because the cystatin C immunoreac-
tivity increases in Bunina bodies, -which are specific to

 ALS [30).

Bunina bodies are small eosinophilic intracytoplasmic
inclusions that are observed exclusively in ALS motor
neurons and are pathognomonic of ALS, but their origin
is unknown [8]. Bunina bodies are immunolabeled with
antibody against a cysteine protease inhibitor, cystatin C
[30]. However, cysteine proteases such as cathepsins B, H
and L, or the aspartate protease cathepsin D, which acti-
vates cathepsins B, H and L, have not been investigated in
detail [4, 7, 30]. To clarify the association of neurodegen-
eration with the endosome-lysosome protease systems in
ALS, we examined the expression of cathepsins B, H, L
and D in the anterior horn cells in ALS.



463

JIDUED
0 0 0 0 - = v T+ S S o Y 4 I 2 o N - - T 0 0 uny  J4/98  §D
] 0 0 0 = ¥ Tt - - - T+ S 2 N S 4 Lad - V] 0 4D 4L +D
0 0 0 0 - I A % - I A %2 - A o S % e - t+ 0 0 O0H W9 ¢£D

Iaoues
0 0 0 0 - - P+ I+ - - - It - - - Tr - - £ 0 0 Juny W9 TD
0 V) 0 0 - = - t+ = - - t+ = - i - o+ 0 0 D0H W19 10

yesp Jo
§osne)  $ased [OQUOD
1+ I+ [4d ot = ¥t - - vt - I 2 A A d - 2N 2 S 0 0 YP1 d/E8 ST-V
[Ad [4s [4d o+ i o - - - - - - - . - - - - - 0 0 9 WWOS ¥1-V
I+ I+ o+ T+ i A - - - - - = = . o - - P+ - 0 0 6L d/69 €1-V
T+ 1+ [4d T+ - N A - ¥ Pt - - - - - = = - 0 0 L WES TV
(4 T+ I+ o A . o 1+ - ¥ I+ O o N AN = - &+ - 0 i+ L WSS 11V
T+ fad (44 r - P 1t - T+ o+ T+ - g+ g+ T+ L2 2 S & g ¢+ et 09 WS89 oIV
T+ I+ (a4 (A - ++ 0 -t - T+ = v+t = Pt - I+ ¢ 124 419 6V
I+ Tt I+ Tt - I+ T+ S < S o S % ot = I - I+ 1+ St 419 8V
I+ T+ T+ ot S S o R A - £t ¥ 0 v 0 L A A L € WIS LV
[y (44 I+ (44 R S o Lol 2 A & - P Pt - F A o S I+ 0 82 W8S 9V
1+ I+ [ (%4 - v 0 Lo X o & = v - L2 o A ¢ 0 9z L sV
t 1+ o ot = ¥ ¥+ 0 Lo 2 S o S & = ¥ &+ 0 L o A FA A §T 4/e8 v
(4 T+ I+ [Ag Lo s S Y S S R A S O S 4 = ¥ g+ 0 LA o + 0 8T W/L9 £V
I+ [4d I+ ot = I A S A - I A I o N o R I+ = 0 i+ 0 €1 W6s TV
I+ 1+ I+ I+ el A o R & - I+ - T+ I+ ¢t e+ I+ [A SN G 11 409 1-¥
S1S0J9]0s Teadle] orydonoiwy

o) d s N 2 d s N d S N d s N
DVIN OVl DVIN OV
OT DO (6 BN & o1 20 o1 DO (uow)
uon X8

SISOIA00NFY  $50[ JRUGINAN g uisdaqpeny  Lpogqewmung  -ean( o3y osen)

(SIN[IE] [EUSI JTUOIYD ¥ 'BWOUIDIED Je[[2901edaty D7 ‘UCINIU SNA[OJEWAID 2
‘uvomsu pawewdid 7 ‘uoinasu usyunuys § ‘vosnau Suueadde-Teunon N ‘woy Kesd Jousun
21 3o wed [uIpsw HYy ‘woy Lexd rousue ayp jo pred [risie] HYY ‘pioo eurds requing 7
*pr00 peurds [e01AT20 ) £+ PUR [+ USIMIAQ ‘T4 ‘(uonoss suo Jad <) Luew ¢+ {(uonoes

ou0 Jod 1) maJ v “+ luou ‘() :ApOq BUIUNE "SIIAIS 0} 2JEIIPOWS *T+ ‘PIIWE 03 JYBI[S ‘[+ lou *g
15150140005V </Iojeredas> 210408 O] DJRIIPOW ‘Z+ ‘Plu 03 YIS [+ ‘OU *() 1SSO] [RUOINSN]
"%SL FAOQR ‘trt 1HCL-TE T+ HL0C—9T T+ 1%ET0 T+ 1PUOU g {199 O ‘— 58 waAld 81
suoinau yoes Jo Arantsod ¢ wsdape)) *SinsaJ [EOWAYO0ISTOURWIW] Jo ATGUnung | Jfqe],



464

Materials and methods

Tissue source

This study was carried out using spinal cords obtained at autopsy
from 15 cases of adult-onset sporadic ALS (average age of 64.1 years)
and 5 control cases (average age of 68.2 years). The postmortem in-
terval ranged from 2 to 21h (average 5.4h). The clinical charac-
teristics of ALS and control cases are summarized in Table 1.

The spinal cords were stored at —80°C for biochemical analy-
ses, or fixed for several weeks in buffered 10% formalin and then
embedded in paraffin for pathological examinations, After embed-
ding, 6-pum-thick sections were prepared. For the routine neu-
ropathological study, the sections were stained with hematoxylin-
eosin, Bedian's stain and Kliiver-Barrera stain. The pathology at the
sixth cervical level (C6) and the third lumbar level (L3} of the spinal
cord were evaluated.

Antibodies

The immunohistochemistry (IHC) and Western blotting (WB) were
performed using an anti-human cystatin C rabbit polyclonal anti-
body (DAKO, 1:500 for IHC, 1:1,000 for WB), an anti-human
cathepsin B rabbit polyclonal antibody (Ab-3, Calbiochem, 1:200 for
IHC and WB), an anti-human cathepsin H goat polyclonal antibody
(N-18, Santa Cruz, 1:200 for JTHC and WB), an anti-human cathep-
sin L goat polyclonal antibody (§-20, Santa Cruz, 1:200 for IHC and
‘WB), an anti-human cathepsin D rabbit polyclonal antibody (Up-
state Biotechnology, 1:200 for IHC and Ab-2, Calbiochem, 1:200
for WB), an anti-neuron-specific enolase (NSE) mouse monoclonal
antibody (DAKO, 1:200 for WB) and an anti-glial fibrillary acidic
protein (GFAP) rabbit polyclonal antibody (DAKO, 1:1,000 for
IHC).

— 87

Fig.1 Immunohistochemistry for cathepsin B in the C6 (A-1, B-1)
and L3 (A-2, B-2) of cither a control case (A, C case C-3} or ALS
cases (B, D, E, G case A-7; F case A-11; H case A-12). A Im-
munoreactivity to cathepsin B in the control case is present in the
gray matter in both cervical (A-1) and lumbar (A-2) spinal cord.
B Cathepsin B immunoreactivity in ALS cases is preferentially de-
creased at the ventro-lateral side of the anterior horn (surrounded
by arrows) in both the cervical (B-1) and lambar (B-2) spinal cord.
C Cathepsin B immunoreactivity is detected in the neuropil and
cytoplasm of some anterior homn cells. Positive neurons and nega-
tive neurons are distributed randomly in the control case. I Cathep-
sin B immunoreactivity is increased in shrunken neurons (arrow)
at the medial division of the anterior gray hom in an ALS case.
E Cathepsin B immunoreactivity is decreased in the neuropil and
normal-appearing motor neurons {(arrows), but is increased in a
pigmented neuron (arrowhead) at the lateral division of the ante-
rior gray horn in an ALS case. F Cathepsin B immunoreactivity is
increased in a shrunken neuron (farge arrowhead) and reactive as-
trocytes (small arrowheads), but decreased in the normal-appear-
ing neuron {arrow) of severe lesions in ALS case. G Double im-
munostaining for cystatin C (grayish blue) and cathepsin B (brown).
The cathepsin B immunoreactivity is decreased in neurons bearing
Bunina bodies (arrows). H Immunoreactivity of cathepsin B is in-
creased in several small vessels but is reduced in the Onuf nucleus
(asterisk) (case A-12) (ALS amyotrophic lateral sclerosis, C6/L3
sixth cervical/third lumbar spinal cord levels). Bars A-1 (also for
B-1, -2) 1 mm; C (also for D-G) 50 pm; H 50 pm

Immunochistochemistry

IHC was performed using an indirect immunoperoxidase method
as in previous reports [20, 21]. After blocking the endogenous per- -
oxidase activity with methanol, sections were autoclaved at 120°C

" for 10 min to enhance the immunoreactivity and incubated with the



antibodies overnight at 4°C. The sections were then washed and
incubated for 1 h with the horseradish peroxidase-conjugated anti-
rabbit (PI-1000), anti-mouse (PI-2000) or anti-goat (P1-9500) anti-
bodies (Vector Laboratories, USA) diluted by 1:200. The colored re-
action product was developed with 3,3"-diaminobenzidine tetrahy-
drochloride. Double immunostaining was carried out for cystatin C
and cathepsin B as described previously [20].

We divided the anterior gray horn into medial (MAG) and lat-
eral (LAG) parts as described in the previous report [20, 21]. We
counted the number of: anterior horn cells on the right side of the
C6 and L3 spinal cord in each specimen.

Western blot analysis for cathepsins

Approximately 30 mg tissue from the anterior hom of Jumbar spi-
nal cords was homogenized in 2% SDS, 2mM EDTA, 2mM
PMSF and 50 mM TRIS-HCI (pH 6.8). Immunoblotting was carried
out according to the previous method {22]. Proteins (20 pg/lane)
were electrophoresed on 12% SDS-polyacrylamide gel and trans-
ferred onto a PYDF membrane (Millipore). The blots were reacted
with the primary antibodies specific for cathepsins B, H, L and D,
and then reacted with the corresponding secondary antibodies (di-
htior 1:10,000). The cathepsin signals were made visible using an
ECL system {Amersham).

Results
Immunohistochemistry

Immunochistochemical findings are summarized in Table 1
and Fig.2. '

Cathepsin B

Controls. The gray matter of the spinal cords displayed
_ diffuse immunostaining for cathepsin B (Fig. 1A). Cathepsin
B-immunopositive motor neurons were randomly distrib-
uted in the anterior horns (Fig. 1C). The proportion of pos-
itive motor neurons was approximately 40% (Fig. 24, C).

ALS cases. Immunoreactivity of cathepsin B was weak-
ened in the LAG of several ALS cases (Fig. 1B). Normal-
appearing, shrunken, pigmented and chromatolytic neu-
rons were detected in a mosaic pattern as previously re-
ported [16, 20].Cathepsin B immunoreactivity was in-
creased in shrunken and pigmented neurons and several
normal-appearing neurons in the MAG (Fig. 1D) as well
as in shrunken and pigmented neurons and also reactive
astrocytes in LAG (Fig. 1E). On the other hand, it was
negative or faintly positive in the neuropil and a few nor-
mal-appearing neurons of the LAG (Fig. 1E). The remain-
ing normal-appearing neurons tended to be negative to
cathepsin B, especially in the severely affected region of
the anterior hom in ALS cases (Fig. 1F). There were two
patterns of cathepsin B immunoreactivity in anterior horn
cells: moderately to strongly positive cathepsin B (cathep-
sin B-high) and negative to faintly positive cathepsin B
{cathepsin B-low) in ALS, and we analyzed these two pat-
terns in anterior horn cells (Fig.2). The proportion of
cathepsin B-high, normal-appearing neurons in ALS cases
{C6: range 0-67%, average 23%, Fig. 2B; L3: range 0-54%,
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Fig.2 The number of cathepsin B-high (moderately to strongly
positive) anterior horn cells of the C6 (A, B) and the L3 (C, D) in
the control (A, C) and ALS (B, D) cases. The total number of an-
terior homn cells (cell number shown in Y-axis) decreased in ALS
cases in comparison with control cases. In ALS, normal appearing
neurons (N in X-axis) decrease remarkably, while both shrunken
(8 in X-axis) and pigmented (P in X-axis) neurons increase in the
C6 (B) and the L3 (D) spinal cords. The average proportion of
cathepsin B-high normal-appearing neurons is 41% in the C6 (A)
and 40% in the L3 {C) in control cases, respectively. The averaged

proportion of cathepsin B-high anterior hom neurons in the C6 (B)
and L3 (D) in ALS is 23% in C6 and 31% in L3 in normal-appear-
ing neurons, 9%0% in C6 and L3 in shrunken neurons, and 92% in
C6 and 89% in L3 in pigmented neurons, respectively. The num-
ber of the chromatolytic neurons (C in X-axis) in both control and
ALS cases is small, but they are usually positive for cathepsin B.
“High” in the figure indicates moderate to strongly immunoposi-
tive to cathepsin B and “Low"” indicates completely immunonega-
tive to faintly immunopositive to cathepsin B (LAG lateral division
of anterior gray horn, MAG medial division of anterior gray hom)

average 31%, Fig. 2D) was lower than in control cases (C6:
range 8-62%, average 42%, Fig. 2A; L3: range 25-55%,
average 42%, Fig.2C), although the difference was not
significant (C6: P=0.16 and L3: P=0.36). Notably, cathep-
sin B positivity was particularly low or absent in the nor-
mal-appearing neurons containing Bunina bodies (Fig. 1G).
The number of cathepsin B-positive cells containing Bun-
ina bodies among the various types of anterior horn cells
in ALS cases (cases A-2, -4, -6, -7, -9, -10) was: 2/10 (20%)
(cathepsin B positive cellsftotal cells containing Bunina
bodies) at C6, and 2/13 (15%) at L3 in normal-appearing
neurons, 4/4 (100%) and 2/2 (100%) in shrunken neurons,
and 5/8 (63%) and 10/10 (100%) in pigmented neurcns.
The cathepsin B immunoreactivity was decreased in Onuf

88 —
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Fig.3 Immunochistochemistry for cathepsin H (A, case A-7),
cathepsin L (B, case A-7) and cathepsin (C, case A-11) in the L3
of ALS cases. A Aggregated lipofuscin granules in an anterior homn
cell are immunolabeled with cathepsin H {arrow), whereas other
normal-appearing neurons are not. B Aggregated lipofuscin gran-
ules in an anterior horn cell are immunolabeled with anti-cathepsin L.
antibody (arrow), whereas other normal-appearing neurons are
immunonegative. C The cathepsin D immunoreactivity is elevated
in the cytoplasm of all motor neurons (arrows) and several astro-
cytes (arrowheads). Bar A (also for B, C) 50 um

nuclei as well as in 5 of the 6 ALS cases examined (cathep-
sin B immunoreactivity of Onuf nuclei was decreased in
cases A-1, -5, -9, -12, -13 but not case A-6) (Fig. 1H).

Cathepsins H and L

Cathepsins H and L were expressed in lipofuscin granules
in a few anterior hom cells in ALS (Fig. 3A; B) or control
cases (data not shown). There was no significant differ-
ence between ALS and control cases.

Cathepsin D

Cathepsin D was expressed in the cytoplasm of all ante-
rior homn cells in both control and ALS cases (Fig. 3C).
There was no significant difference between control and
ALS cases. Several reactive astrocytes were positive for
cathepsin D in all ALS cases (Fig. 3C).

Western blot analysis of cathepsins B, H, L and D

Both the pro-enzyme form (43kDa) and the activated
form (31kDa) of cathepsin B signals were often detected
in both ALS and control cases (Fig.4A). The other acti-
vated form of cathepsin B molecules (25kDa) was de-
tected in control cases and one of the ALS cases exam-
ined. Signals of the activated (34kDa) and pro-enzyme
(52kDa) forms of cathepsin D were also detected in both
ALS and control cases (Fig. 4B). The signals for NSE (44

and 46kDa) were decreased in ALS cases, which indi-
cated that the remaining neurons in the anterior hom were
few in ALS cases (Fig. 4C). On the other hand, signals for
cathepsin H (26 kDa) and cathepsin L (30 kDa) were hardly
detected in either ALS or control cases (Fig. 4D, E}.

Discussion

Among the lysosomal enzymes, cathepsin B distribution
differed significantly between ALS and control cases.
There were two distinct populations, showing high or low
immunoreactivity to cathepsin B, in the anterior horn cells
of the controls. In ALS, however, this pattern of cathep-
sin B expression in the anterior horn cells was modified.
Most normal-appearing neurons showed relatively lower im-
munoreactivity, while abnormal-appearing neurons showed
higher immunoreactivity to cathepsin B. In addition, reac-
tive astrocytes were also immunolabeled by the anti-cathep-
sin B antibody in ALS cases. Western blot analyses of the
spinal cord tissue showed that the 31-kDa activated form
of cathepsin B occurred frequently in ALS cases in spite of
the decrease in the numbers of neurons, especially in those
cases that showed moderate to severe gliosis (Table 1).
These results indicated that this 31-kDa form of cathepsin B
could be derived not only from neurons but also from
reactive astrocytes in ALS. In addition, the signal of the
25-kDa-activated form of cathepsin B was not detected in
two of the three ALS cases examined and was detected to
a lesser extent in the other ALS case (in which NSE was
relatively preserved), compared with the control. Thus, the
25 kDa-activated form of cathepsin B might be down-reg-
ulated according to the degree of neuronal cell degenera-
tion. The 25 kDa-activated form of cathepsin B may be
closely associated with the population of motor neurons.
Recently, Felbor et al. [11] reported that cathepsin B- and
L-lacking mice showed neuronal loss, brain atrophy and
lysosomal inclusion bodies in large cortical neurons. They
asserted that cathepsin B and L have a role in maintenance
of the central nervous system. Although we did not find
cathepsin L signals in motor neurons of the spinal cord,
our result is considered to be consistent with their report.
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Fig.4 Western blot analysis of cathepsin B (A), cathepsin D (B),
NSE (C), cathepsin H (D) and cathepsin L (E) in control cases
(lane 1 case C-5) and ALS cases (lane 2 case A-14, lane 3 case
A-13, lane 4 case A-10). A Signals of the pro-enzyme form (43 kDa,
arrow) and the activated form (31 kDa, small arrowhead) of cathep-
sin B are detected in both control and ALS cases. Another activated
form of cathepsin B (25 kDa, large arrowhead) is noted in control
(lane 1) and weakly detected in one ALS case (Jane 2). B Signals
of the pro-enzyme form of cathepsin D (41kDa, arrow) are de-
tected in control (fane 1) and two ALS cases (lanes 2 and 3). Sig-
nals of an activated form of cathepsin D (34kDa, arrowhead) are
detected in all control and ALS cases. C Signals of NSE (44 kDa,
arrowhead and 46 kDa, arrow) as an intemal standard of the spinal
motor neurons are readily detected in the controls, but not or only
faintly in ALS cases. D Signals of cathepsin H (26 kDa, arrow) is
hardly detected in either control or ALS cases. E Signals of cathep-
sin L (30kDa, arrow) is hardly detected in either control or ALS
cases. {NSE neuron-specific enolase)

Cathepsins B, H and L are lysosomal cysteine pro-
teases, while cathepsin D belongs to the aspartic proteases
and activates pro-enzyme forms of cathepsins B, D, H and
1. [28]. There have been several reports on cathepsins, es-
pecially cathepsins B and D, in various neurological dis-
eases [5, 6, 9, 13, 15, 17, 27]). Ti et al. [17] reported that
cathepsin B immunoreactivity increased at the site of in-
tracellular neurofibrillary tangles, degenerative neurites
and dendrites in and outside senile plaques of AD brain.
Cataldo et al. [9] also reported that immunoreactivity of
cathepsins B and D, and [-hexoaminidase increased at the
degenerated sites of AD brain in the early stage. Hill et al.
[15] reported that cathepsin B immunoreactivity increased
in CAl neurons of the hippocampus in the rat two-vessel
occlusion model of global ischemia. These data suggested
that cathepsin B is strongly associated with neuronal cell
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death. Several authors reported that apoptosis cccurs dur-
ing the neurodegeneration process in ALS [33], and cathep-
sin B is also known to be associated with apoptosis. Shibata
and colleagues [19, 35} reported that cathepsin B sup-
pressed apoptotic cell death in a cultured PC12 cell line,
while Vancompernolle et al. [36] reported that cathepsin B
regulated caspase-11 and induced nuclear apoptosis. King-
ham et al. [23] reported that activated microglia could trig-
ger neuronal apoptosis, which may be mediated through
the secretion of cathepsin B. Our results also suggest that
cathepsin B could be associated with the neurcdegenera-
tion process of the motor neurons. It is noteworthy that
cathepsin B expression was lower in the normal-appear-
ing neurons containing Bunina bodies, which may indi-
cate that Bunina bodies attenuate cathepsin B accumula-
tion in the remaining normal-appearing motor neurons. In
addition, cathepsin B expression was low or absent in
Onuf nuclei, spared in ALS, while it was ¢onstantly high
in the shrunken and pigmented neurons. These results sug-
gest that motor neurons expressing less cathepsin B might
be resistant to the pathological process of ALS.

With respect to the expression of cathepsin in the gliat
cells, cathepsin B immunoreactivity was high in the cyto-
plasm of reactive astrocytes in our study, consistent with
the previous reports {5; 6, 27). Nakamura et al. [27] re-
ported that some reactive astrocytes were positively stained
with the antisera against cathepsins B and D in brains of
AD cases. Bever et al. [6] showed that monocytes, macro-
phages and reactive astrocytes are potential sources of in-
creased cathepsin B in multiple sclerosis brains. Recently,
several authors implicated an involvement of inflamma-
tory processes in ALS {1, 3, 37). Cathepsin B is also in-
volved in the inflammatory process in various diseases
[12, 24] and activates the proinflammatory caspase-11,
which may induce the inflammation associated with glial
reaction [34]. Our results suggest that reactive astrocytes
may play a crucial role in the cathepsin B-mediated motor
neuronal cell degeneration in ALS. There are also several
reports concerning the up-regulation of cathepsin D in ei-
ther neurons or glial cells of neurodegenerative diseases
including AD [13, 26, 29]. Further examination of the glial
expression of cathepsins in ALS remains necessary.

In conclusion, among the cathepsins we examined, only
the expression of cathepsin B was increased in the degen-
erative neurons of ALS. We therefore propose that cathep-
sin B may play an important role int the motor neuron de-
generation of ALS.
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Probable Sporadic Creutzfeldt-Jakob Disease with Valine
Homozygosity at Codon 129 and Bilateral Middle
Cerebellar Peduncle Lesions
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Abstract

We describe a 67-year-old Japanese man with prob-
able sporadic Creutzfeldt-Jakob disease (CJD) who had
valine homozygosity at codon 129, a rarity in the Japan-
ese. T2-weighted magnetic resonance imaging (MRI) de-
tected high-intensity lesions in the bilateral middle
cerebellar peduncles and basal ganglia as well as cerebel-
lar and cortical atrophy. He developed cerebellar ataxia
and subsequent mental deterioration, myoclonus, and pe-
riodic synchronous discharge as shown in an electroen-
cephalogram. Cerebrospinal fluid examination showed a
high level of neuron-specific enolase and a positive immu-
noassay for the 14-3-3 protein, He died of pneumonia 10
months after the initial symptoms appeared. Whether or
not the genetic polymorphism increased his susceptibility
to sporadic CJD is not clear because valine homozygosity
at codon 129 is less than 1% in the normal Japanese
population. Although there is no convincing evidence in
the present case, the MRI findings of cerebellar peduncle
changes, which are rare in CJD, suggest a kind of degen-
eration, demyelination, or both.

(Internal Medicine 42: 199-202, 2003)

Key words: cerebellar ataxia, codon 129 pelymorphism, sus-
ceptibility

Introduction

Creutzfeldt-Jakob disease (CID) is characterized by de-
mentia, myoclonus, and periodic synchronous discharge
(PSD) seen in electroencephalograms (EEG). Valine homo-

zygosity at codon 129 of the prion protein (PrP) gene is a
rare polymorphism in Japan (1, 2), whereas it has been re-
ported to confer genetic predisposition to sporadic CID in
England and Germany (3, 4). High signal intensities in the
bilateral middle cerebellar peduncles on T2-weighted mag-

‘netic resonance imaging (MRI) are reported to be MRI fea-

tures in intoxication and neurodegenerative diseases, but not
CID (5-7). We present a case of probable sporadic CID for
which PrP gene analysis found valine homozygosity at
codon 129 and brain MRI showed high-intensity signal ab-
normalities in the bilateral middle cerebellar peduncles on
T2-weighted images obtained in the late phase of illness.

Case Report

A 67-year-old retired pharmacist was admitted to our hos-
pital in Januvary 1998 because of slowly progressive
cerchellar symptoms of double vision, ataxic speech, and un-
steady gait of 6 months duration. Just before admission, he
became confined to a wheelchair due to severe gait distur-
bance. His past history showed he had had Wallenberg’s
syndrome in March 1996, External hemorrhoidectomy and
appendectomy had been performed under spinal anesthesia
respectively about 20 and 30 years earlier. He had had hyper-
tension since age 50. He had no past history of blood trans-
fusions or acupuncture. His father had died of heart failure,
and his mother of myocardial infarction.

Physical examination at admission yielded the following
data: blood pressure, 182/118 mmHg; temperature, 37.1°C;
pulse rate, 88 beats/minute. No anemia, jaundice, or swollen
lymph nodes were observed, nor abnormal findings for the
lungs, heart and abdomen. His score on the Revised Version
of Hasegawa’s dementia scale was 23 (full score 30), but
evaluation was difficult due to severe ataxic dysarthria.
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Figure 1. Cranial MRI or admission showing bilateral
hyperintensity in the caudate nuclei and putamina on T2-
weighted sequences (TR 3,500 ms, TE 19 ms).

Neurological examination revealed ataxic speech, truncal
‘ataxia, severe limb ataxia, and normoreflexia in the lower ex-
tremities, but no pathological reflexes. There were no signs
of limb muscle weakness or sensory disturbance. He was un-
able to stand or walk because of severe ataxia. Laboratory
test findings were total bilirubin, 1.0 mg/dl (normal; 0.2-
1.2); aspartate aminotransferase (AST), 33 IU/I (normal; 8-
30); alanine aminotransferase (ALT), 30 IU/I (normal; 5-35);
lactate dehydrogenase (LDH), 208 IU/! (normal; 100-225);
blood urea nitrogen, 12 mg/d!; serum creatinine, 1.0 mg/dl;
Na, 142 mEq/l; K, 3.8 mEqg/l; Cl, 104 mEq/l; Ca, 9.4 mg/dl.
Cerebrospinal fluid (CSF) findings showed a normal cell
count, 61 mg/d! total protein (normal, 10-40); 67 mg/dl glu-
cose (normal, 50-75); 88 ng/ml neuron-specific enolase
(NSE) (normal, =10); and a positive immunoassay for the
14-3-3 protein. CSF cytology was class 2. Analysis of the
PrP gene showed valine homozygosity at codon 129. He had
no mutations at PrP codons 102, 105, 117, 145, 178, 180,
200, 210, 219, or 232. Single photon emission computed
tomography detected diffusely decreased regional cerebral
blood flow of 30-36-ml/100 g/minute with no perfusional
defect.

Repeated MRI and angiography done before admission
did not find any abnormalities, including in the cerebellum
and basal ganglia, although his severe cerebellar symptoms
slowly worsened. Cranial MRI on admission, 6 months after
the initial symptoms appeared, showed bilateral hyper-
intensity in the caudate nuclei and putamina on T2-weighted
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sequences for the first time and isointensity on TI-weighted
images without contrast enhancement (Fig. 1). Moreover,
mild cerebellar atrophy had first been pointed out by the ra-
diologist. However, cortical atrophy had not been noted at
that time. Bilateral chronic subdural hematomas also were
present. As his mental status had deteriorated slowly, we
made the tentative diagnosis of possible prion disease based
on clinical findings of progressive consciousness distur-
bance, ataxia of cerebellar origin, high NSE in the CSF, the
absence of a family history, and MRI features. Intravenous
hyperalimentation was started at the end of January due to
worsening of his dysphagia and consciousness disturbance.
A follow-up MRI study on the 42nd hospital day showed
progressive atrophic changes in the cerebellum and basal
ganglia, particularly in the caudate nuclei heads. In addition,
the frontotemporal region of the cerebrum appeared atrophic.
Clonazepam was administered to contro! myoclonus in his
upper extremities, which developed in February. A follow-up
EEG in April detected PSD (Fig. 2). The last MRI examina-
tion on the 114th day showed bilateral lesions in middle
cerebellar peduncles (Fig. 3). Cortical atrophy, predomi-
nantly of the fronto-temporal region, was present, and his se-
vere cerebellar atrophy had worsened. In addition, the
putamina showed a high signal intensity on the T1-weighted
images and isointensity on the T2-weighted sequences,
probably because of the administration of total parenteral
nutrition. He died of pneumonia in May 1998.

Discussion

Our Japanese patient presented cerebellar symptoms at
onset followed by consciousness disturbance and myoclonus
after 7 months and PSD after 9 months during a clinical
course of about 10 months. In addition, none of the PrP gene
mutations already reported were found. According to the re-
cently established molecular basis for phenotypic heteroge-
neity of sporadic CID, six different phenotypes are charac-
terized by the size of the protease-resistant fragment of the
pathological PrP (types 1 and 2) and homozygosity or
heterozygosity for methionine or valine at codon 129 of the
PrP gene (designated by MM1, MM2, MV1, MV2, VV1,
and VV2). Zerr et al (8) reported 2 cases of VV] patients and
15 cases of VV2 patients; VV1 patients differed from VV2
patients by younger age at onset (range of 23-31 years vs
median of 62 years and range of 40-76 years) and by longer
disease duration {range of 20-31 months vs median of 7.5
months and range of 2.9-15.7 years). Regarding this point,
the present patient’s age at onset and disease duration was
similar to those of VV2 patients. A necropsy, however, could
not be performed on our patient because of hospital policy.
Cerebellar ataxia at onset and hyperintensities in the basal
ganglia, which were also seen in our case, were observed in
47% and 70% of VV2 patients, respectively. However, no
VV2 patients had myoclonus or PSD in the EEG. On the
other hand, Miyazono et al (9) reported that in Japanese spo-
radic CJD, the change in the PrP codon 129 affects the
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Figure 2. EEG detected PSD at intervals of about 3.0-4.0 seconds.

clinical course. They examined one CJD patient who had
valine homozygosity and six CJD patients who had valine
heterozygosity at PrP’ codon 129 (Val/Val and Met/Val CID
patients). For comparison, they also examined 13 sporadic
CID patients with methionine homozygosity at codon 129
(Met/Met CID patients) and 7 GSS patients who had leucine
instead of proline at PrP codon 102. In comparison to
Met/Met CID patients, Val/Val and Met/Val CID patients
had a relatively long clinical duration (a mean of 33 months)
and ataxia at onset, but rarely PSD on their EEGs. The
clinicopathological findings for Val/Val and Met/Val CID
were similar to those for GSS, but immunohistochemistry
findings showed different PrP deposit distributions and mot-
phologies.

There are significant differences regardmg genetic poly-
morphism at PrP codon 129 in the populations of Japan,
England, and Germany (1-4). In England and Germany
where normal subjects with valine homozygotes make up
more than 10% of the populations (3, 4), valine homo-
zygosity at codon 129 may increase susceptibility to sporadic
CJD. The frequency of valine homozygosity at codon 129
found for 179 normal, unrelated Japanese is much lower (no
Val/Val, 15 Met/Val and 164 Met/Met) (1). Any predisposi-
tion to sporadic CJD therefore would be masked in Japan if
a patient has valine homozygosity at PrP codon 129 (1), as
did our patient. Whether his genetic polymorphism increased
the risk of probable sporadic CJD remains a matter of specu-
lation.

MRI findings for CJD are lesions such as cortical atrophy,
cerebellar atrophy, and hyperintensity at the basal ganglia as
seen on T2-weighted images (10-12). In the present case,
cranial MR T2-weighted images already had revealed high
signal intensities in the bilateral caudate nuclei and putamina

Internal Medicine Vol. 42, No. 2 (February 2003)

Figure 3. Cranial MRI showing bilateral lesions of the
middle cerebellar peduncles as a high signal intensity on
the T2-weighted image (arrowheads).

before definite cognitive impairment developed. Moreover,
brain MRI showed abnormal signal intensities in the bilateral
middle cerebellar peduncles late in the course of the illness.
To our knowledge, similar findings have never been reported
for sporadic CID. On the other hand, similar lesions in the
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middle cerebellar peduncles are reported to be a radiological
feature in chronic toluene intoxication, multiple system atro-
phy, portal-systemic shunt encephalopathy, and citrullinemia
(5-7). In the case of chronic toluene intoxication, similar
MRI findings are presumed to be demyelinating lesions (6).
Regarding multiple syster atrophy, the high intensity areas
on the T2-weighted images, including the middle cerebellar
peduncles, suggest degeneration and demyelination (7).
Although there was no pathological evidence, the MRI fea-
tures in this case suggest a kind of degeneration, demyeli-
nation, or both at the middle cerebellar peduncles.

We presented the case of a Japanese man with probable
sporadic CJD who had a rare polymorphism of codon 129
ValfVal, and an additional rare finding of high intensity in
the cerebellar peduncle on T2-weighted MR images.
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Abstract Gerstmann-Striussler-Scheinker diseage (GSS)
is a hereditary transmissible spongiform encephalopathy
associated with prion protein gene mutation P102L. The
age of onset is roughly restricted to around the sixth decade;
however, it is unclear whether the disease-specific pathol-
ogy of GSS is already evident in the pre-clinical stage. We
had a chance to examine an autopsy case with PRNP
P102L mutation. The patient had died at 50 years of age
before the clinical symptoms of GSS had appeared; neither
neuronal loss, gliosis nor spongiform change was found
anywhere in the brain. Immunohistochemistry failed to
detect any deposition of prion protein. It is thus consid-
ered that amyloid plaque formation in GSS probably de-
velops in a relatively rapid fashion compared with Alzhei-
mer’s disease. Although the patient suffered from schizo-
‘phrenia, no significant pathological changes were detected
except for astrocytic inclusion bodies in the cerebral cor-
tex. The nature and significance of the inclusion bodies,
which are not observed in patients with GSS, remain un-
clear,
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Introduction

Gerstmann-Striussler-Scheinker disease (GSS) is a hered-
itary transmissible spongiform encephalopathy associated
most commonly with a mutation at codon 102 of the prion
protein gene (PRNP) from proline to leucine [3, 5, 7). The
principal clinical features of GSS are prominent cerebellar
ataxia and dementia, which develops gradually. Patholog-
ical features are characterized by kuru plaque-type prion
protein (PrP) deposition, neuronal loss and gliosis in the
cerebellar and cerebral cortices [2, 12). The age of onset is
roughly restricted to around the sixth decade; however, it
is unclear whether the disease-specific pathology devel-
ops gradually, starting long before any clinical signs ap-
pear, or is manifested in a relatively rapid fashion around
the onset of disease. We examined an autopsy case with
PRNP P102L mutation, where the patient had committed
suicide at 50 years of age, before any of the clinical symp-
toms of GSS had appeared. In the present case, disease-
specific pathological features were not manifested in the
pre-clinical stage.

Case report

The present case is patient II-3 in the pedigree shown in Fig. 1, At
the age of 17years, her scholastic achievement at high school
rapidly deteriorated. At 20 years of age, she was taken into protec-
tive custody because she had begun to wander about wearing an
inane smile and talking incoherently. Her disease was diagnosed as
schizophrenia and she underwent psychiatric treatment. From then
on she was occasionally admitted to hospital whenever her perse-
cutory-reference delusion worsened. She was finally permanently
hospitalized when she was 32 years old. Signs of autism, dissocia-
ble affection, ambivalent feeling and looscning of association were
continuously observed. No neurological signs such as cerchellar
ataxia, myoclonus or dementia were observed. She sometimes at-
tempted suicide and, at the age of 50 years, she succeeded in com-
mitting suicide by ingesting synthetic detergent; she died from pul-
monary edema.

Patient I-5, the father of this case, developed cercbellar ataxia
at 53 years of age and had become bed-ridden by the age of 58. He
died at 61 years of age and an autopsy was performed. His brain
weighed 1,170 g. Histochemically, numerous congophilic plaques



