Fig.3 DWI ofthe rapid-type group (A-C) and the slow-type group (D-F). A DWI obtained from a 55-year-old woman demonstrating high-intensity lesions mainly in the
bilateral striatum. The right temporal cortex demonstrated slightly high-intensity lesions. B DWI obtained from a 60-year-old woman demonstrating high intensity lesions
in the frontal, temporal, occipital and insular cortex, and the striatum. The right side predominated. C DWI obtained from a 62-year-old woman demonstrating high-inten-
sity lesions in the bilateral occipital and insular cortex. The right temporal cortex was also depicted as an area of high intensity. We did not find high-intensity lesions in the
striatum. D DWI obtained from a 69-year-old woman demonstrating high-intensity lesions in the bilateral frontal and insular cortex. The bifateral caudate head showed
slightly high-intensity lesions. Interestingly, the bilateral medial thalami showed high-intensity lesions with the so-called hockey stick sign (white arrows). E DWI obtained
from a 70-year-old man demonstrating high-intensity lesions in the bilateral frontal, occipital, and insular cortex. The right medial thalamus also showed high intensity
(white arrow). F DWi obtained from a 52-year-old man demonstrating high-intensity lesions in the right temporal cortex and the left striatum. The bilateral medial thalami

also showed high intensity lesion (black atrows)

no family history of prion disease had the M232R sub-
stitution: one was previously reported, pathologically
confirmed dementia with Lewy bodies [12], one was en-
cephalitis, and one was not diagnosed yet, but was con-
firmed as not having CJD because his symptoms rather
fluctuated. There remains the possibility that the M232R

substitution is a rare polymorphism, not a causative

point mutation [6], although the M232R substitution
was not found among 100 healthy controls [4].

Discussion

In the present study, by reviewing the clinical and labo-
ratory findings of 21 patients, we found that there were
two distinct phenotypes in CJD232 in spite of the same
genotype of PRNP, M232R, MM129, and GG219. Differ-
ent phenotypes with the same pathogenic changes of
PRNP are known in several types of genetic prion dis-
ease [14-21]. Fatal familial insomnia and gCJD with a
common point mutation at codon 178 are well-known.
However, the different phenotypes are regulated by a

polymorphism at codon 129 [14,15]. Similarly, a pheno- -
typic variant of gCJD with a point mutation of glutamic
acid to lysine at codon 200 (C]D200) is coupled with va-
line at codon 129 [19]. On the other hand, a thalamic
variant of CJD200, which has the same polymorphism of
MM129 as the vast majority of CJD200, has been re-
ported [17,21], although it is exceptional. In our results,
15 of the patients were the rapid-type, five were the slow-
type. In CJD232, the slow-type, which has uncommon
clinical features, is not exceptional and constitutes one
of the major phenotypes because 25% of patients with
CJD232 belong to the slow-type. Similarly, there are two
different major phenotypes that are not influenced by
the polymorphism of codon 129 and 219 in Gerstmann-
Striussler-Scherinker disease with a point mutation of
proline to leucine at codon 102 of PRNP (GS5102), which
is characterized by chronic cerebellar ataxia of long du-
ration (several years or more) associated with neurolog-
ical signs including dementia [21]. In GSS102, a sC]D-
like variant of short duration (less than one year) has
been reported [16]. In 27 patients with GSS102 recog-
nized by the Creutzfeldt-Jakob Disease Surveillance
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Fig. 4 Immunohistochemical staining of abnormal PrP using monodlonal anti-
body 3F4. A Anti-PrP immunostaining in a 67-year-old woman suffering from the
rapid-type of CJD232 with an initial symptom of cerebellar ataxia. The molecular
layer of the cerebellum shows a diffuse synaptic-type PrP deposit. Photographed at
200 times magnification. B Anti-PrP immunostaining in a 64-year-old woman suf-
fering from the slow-type of CID 232 with an initial symptom of dressing apraxia.
This patient was previously reported by Satoh et al. (1997). The perivacuolar-type
PrP deposit is predominantly demonstrated in the temporal cerebral cortex. Pho-
tographed at 50 times magnification. C Anti-PrP immunostaining in the same pa-
tient with Fig. 4B. The synaptic-type PrP deposit is demonstrated in the occipital
cerebral cortex. Photographed at 50 times magnification

Committee, Japan until February 2006, five (18.5%)
were this sCJD-like variant. It should be emphasized that
CJD232 has two major different phenotypes with the
completely same genotype of PRNP that is undoubtedly
a major factor which influences the clinical phenotype
[2,22-24].

The gender and age at onset influence the disease
progression [25]. However, there were no significant dif-
ferences in the male to ferale ratio and age at onset be-
tween the two types in our series of CJD232. The molec-
ular type of PrP% is another factor that is closely
associated with the clinical and pathological pheno-
types of sCJD [26]. Unfortunately, the molecular type of
PrP5¢ has not been sufficiently examined. One previ-
ously reported patient [27] in the rapid-type group had
type 1 and one patient in the slow-type group had type
1+ 2. This difference may be a determinant of the clini-
cal phenotypes of CJD232. More studies are needed to
determine the relationship between the clinical pheno-
type and the molecular type of PrP:. Immunohisto-
chemical staining of PrP from four patients with the
rapid-type revealed a diffuse synaptic-type deposit sim-
ilar to that found in sCJD with MMI [28]. The synaptic-
type PrP deposit may be an important pathological find-
ing of the rapid-type. If so, we cannot differentiate the
rapid-type of CJD232 from sCJD with MM1 based on the
pathological findings. PrP immunochistochemical stain-
ing of three patients with the slow-type revealed that
two had a perivacuolar-type and diffuse synaptic-type
PrP deposits and one had only diffuse synaptic-type de-
posits. These pathological results suggest that the rapid-
type might be a homogeneous group and the slow-type
might not be. The number of studied patients in the two
groups was too small to determine the pattern. If the
PrP5¢ type 1 + 2 and the perivacuolar-type PrP deposits
are key pathological features of the slow-type of CJD232,
these may be related to the absence or late occurrence of
myoclonus and PSWC on EEG, and the slower progres-
sion of the disease.

Diagnosing the rapid-type of CJD232 is not difficult
because the patients start with progressing dementia,
cerebellar ataxia, and visual problems, rapidly progress
to akinetic mutism, demonstrate PSWC, are positive for
14-3-3 protein in the CSF immunoassay, and have char-
acteristic MRI findings. These clinical features including
the MRI findings are very similar to those of typical
sCJD with MM1 [3] that accounts for the vast majority
of sCJD. We can easily suspect CJD when we encounter
such patients. Genetic examination of PRNP is neces-
sary to differentiate the rapid-type of CJD232 from sCJD
with MM1 {3] since a patient with C]JD232 usually has no
family history of prion disease or dementia, and differ-
entiating CJD232 from sCJD with MM1 [3] is difficult
when based on the clinical and laboratory features
alone.

On the other hand, diagnosing the slow-type of

_98__



Table 1 Comparison of dinical and laboratory fea-

tures between the rapid-type (R-type) and the slow- Ginical feature

type (5-type) of (JD232 Age atonset (Year).

Men: Women
Family history _
Initial symptoms

Myodoniss (Mo)?
Positive rate

Akinetic mutism (Mo)?
Positive rate

14-3-3 protein
PSWC (Mo
Positive rate
MRI ’
Codon 129
Codon 219

Autopsied cases

PrP immunostaining

PrP type -

654£52 590128

NS
8:7 . 2:3 NS
0/15 positive 0/5 positive NS
7: progressive dementia 3: progressive dementia
2:visual symptoms 1: psychiatric symptoms:
* 2: cerebellar ataxia “1: dressing apraxia
2:involuntary movement :
2: others
24118 1531123 <0.005
14/14> 45 NST
3115 206+ 44 <-0.001
15/15 5/5 NS
8/8 positive 4/4 positive NS .
28+£18 13 <001
15115 1/5% <0.01
8/9 positive 4/5 positive NS
15: Met/Met 5: Met/Met
14: Glu/Glu 5: Glu/Glu
1: Glu/Lys
515 " 3/5
Synaptic 4 Synaptic + Perivacuolar: 2
Synaptic: 1
Typet:1 Type1+2:1

Values are means + SD where applicable

2 The duration until the appearance of myoclonus, akinetic mutism, and PSWC from the onset; ® tt was uncertain
whether myoclonus had appeared or not in one patient

* Mean observation period was 14.8 £ 10.7 months; ** Mean observation period was 21.6 £ 12.8 months
R-type the rapid-type of (ID232; S-type the slow-type of (JD232; PSWC periodic sharp and wave complexes in
EEG; PRNP prion protein gene; Met/Met methionine homozygosity; Glu/Glu glutamic acid homozygosity; Glu/Lys
heterozygosity of glutamic acid and lysine; NS not significant

CJD232 is not easy because the patients initially mani-
fest non-characteristic dementia or memory distur-
bance, or psychiatric symptoms as in other neurodegen-
erative disorders, progress relatively slowly, do not
become akinetic and mute within a year, and do not
demonstrate PSWC. When we diagnose the slow-type of
CJD232, we cannot rely on PSWC, the presence of which
is the most widely accepted diagnostic marker at the
present time. In addition to the slow progression, the
lack of a family history may cause this disease to be con-
fused with other neurodegenerative disorders such as
Alzheimer’s disease, dementia with Lewy bodies, corti-
cobasal degeneration, frontotemporal dementia, etc., es-
pecially in the early phase. MRI, especially DWI [11], is
very useful to distinguish the slow-type of CJD232 from
other neurodegenerative disorders, because the slow-
type of CJD232 demonstrates CJD-related high-inten-
sity lesions in DWI, whereas the above-mentioned neu-
rodegenerative disorders do not demonstrate abnormal
changes in signal intensities. There has been a report of
suspected CJD patients who had M232R and in whom a
final pathological diagnosis of dementia with Lewy bod-
ies demonstrated no signal changes in DWI [12]. In our

series of three patients with the slow-type examined by
DWI, medial thalamic lesions were demonstrated. How-
ever, these lesions are not specific for the slow-type of
CJD232, and we sometimes encounter them in sC]D
[29]. The major differential diagnosis of the slow-type of
CJD232 is sCJD with the MM2-cortical type [3], because
the slow-type of CJD232 usually fulfills the previously
advocated diagnostic criteria for sCJD with the MM2
cortical type [30]. It is hardly possible clinically to dis-
tinguish the slow-type of CJD232 from sCJD with the
MM2 cortical type. However, the molecular type of PrPs
in one patient of the slow-type CJD232 was type 1 +2,
not type 2. The molecular types of PrP5 in each group
may be different, although the presence of perivacuolar-
type PrP deposits is also a finding of sCJD with the
MM2-cortical type [3]. PRNP study is indispensable to
distinguish between the two groups and molecular typ-
ing may be able to distinguish between them. We did not
find any peculiar lesions of the slow-type such as a re-
markable high intensity lesion in the cerebral cortex ex-
cept for those in the medial occipital and cerebellar cor-
tices which are characteristic of fCJD with a point
mutation of valine to isoleucine at codon 180 (CJD180),
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which is an unusual type of fCJD [13]. The degree of the
abnormalities in MRI did not correlate with the disease
severity. To diagnose the slow type of CJD232, recogniz-
ing the clinical phenotype that demonstrates uncom-
mon clinical and laboratory features found in other neu-
rodegenerative  disorders with dementia and
performing genetic examination of PRNP are impor-
tant. .

Other characteristics of C]D232 are that CJD232 pa-
tients have no family history of CJD or dementia in ei-
ther type and are reported only in Japan. More than half
of genetic prion disease patients with various PRNP mu-
tations lack family histories and the lack of family histo-
ries is not restricted to CJD232 [1]. De novo mutations
[31] and very low penetration [32] are considered as the
reasons. Individual PRNP mutations also show variable
geographical distributions {1]. The M232R substitution
may influence the disease progression because the
M232R substitution extended the incubation time in an
experimental transmission study using humanized
knock-in mice [33]. Three suspected patients with
M232R substitution but with a final diagnosis of dis-
eases other than CJD have been reported to the
Creutzfeldt-Jakob Disease Surveillance Committee,
Japan because they had the M232R substitution, not be-
cause they had clinical symptoms suspecting CJD.
Therefore, we think that the prevalence of 6 % in 50 non-
CJD patients is not the same as that of the normal Japan-
ese population. At least, it cannot be said that all patients

LT oLmemeTe o poaminome B0 ASORSIE WIS SEELis

having the M232R substitution demonstrate the symp-
toms of CJD232, and it does not seem to be supported
that M232R substitution is a cansative mutation. On the
other hand, two probable CJD patients with M232R sub-
stitution in one family have been reported [6]. We can-
not overlook these patients based on the fact that M232R
substitution is very rare [4]. Whether M232R is really a
causative mutation or only a rare polymorphism is an-

other issue that needs to be resolved. We need more

studies of CJD patients with M232R substitution, and es-
pecially the correlation between the pathological find-
ings including the molecular type of PrP* and im-

‘munohistochemical staining of PrP and the clinical

findings should be clarified to determine whether it in-
fluences the disease progression. We need to study the

‘morbidity of a population having the M232R substitu- '

tion to determine whether it is a causative mutation or
not.
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Abstract

Background: We have recently begun to doubt the effec-
tiveness of periodic sharp wave complexes observed on
electroencephalographs and the detection of 14-3-3 pro-
“teinin cerebrospinal fluid (CSF) as diagnostic criteria for

Creutzfeldt-Jakob disease (CJD). Diffusion-weighted mag--

netic resonance imaging (DWI) and the detection of total tau
(t-tau) protein in CSF may be more sensitive diagnostic crite-
ria. Methods: Among 44 CJD patients, we selected 21 sub-
jects that suffered from early-stage CJD, which was defined
as cases in the 6 weeks following the onset of the disease.
The sensitivities of DWI and electroencephalographs, as well
as those of t-tau protein, 14-3-3 protein, neuron-specific
enolase (NSE), and S-100b protein in CSF were compared as
diagnostic markers for early-stage CJD. Results: NSE, S-100b
protein, t-tau protein, and 14-3-3 protein were detected in
the samples from 57.1, 4.8, 95.2, and 76.2% of the 21 early-
stage CJD patients, respectively. Additionally, DW{ was used
to positively identify 90.5% of these cases. Conclusion: We
concluded that t-tau protein was the most sensitive of the

diagnostic markers for CJD. Moreover, the data in this study
showed that detection of t-tau protein combined with DW1
identified 98% of the early-stage cases, and these tests
should be included as diagnostic criteria for CJD.

Copyright © 2007 5. Karger AG, Basel

In the'past, a diagnosis of Creutzfeldt-Jakob disease
(CJD) depended on clinical findings and electroencepha-
lographic criteria. Because abnormal prion proteins can-
not presently be detected without a brain biopsy, supple-
mentary methods are required for the diagnosis of CJD.
A clinical diagnosis of CJD can be supported by the de-
tection of biochemical markers in the patient’s cerebro-
spinal fluid (CSF). Moreover, periodic sharp wave com-
plexes (PSWC) observed on an electroencephalograph
(EEG) and the presence of 14-3-3 protein in the CSF, both
of which are included in the diagnostic criteria for CJD
supplied by the World Health Organization (WHO), are
considered to be reliable diagnostic markers for CJD [1].
However, it has been reported that 14-3-3 protein cannot
be detected in the CSF of some patients in the early or late
phases of disease progression.

Otto et al. [2] reported that total tau (t-tau) protein is
a diagnostic marker in patients with CJD. Additionally,
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Table 1. Profiles of 44 CJD patients

ATotAl

Definite  Probable Possible
cases cases cases cases
Sporadic cases
Male 2 13 4] 15
Female 4 15 0 19
Familjar cases
Male 0 1 2 3
Female 3 0 1 4
Tatrogenic cases
Male 0 1 0 1

Female 1 1 0 2

We analyzed 44 CJD patients that were classified according to
the criteria by the WHO.

we confirmed that t-tau protein was more prominent
than other diagnostic markers, including 14-3-3 protein;
in Japanese CJD patients [3]. On the other hand, Shiga et
al. [4] reported that diffusion-weighted magnetic reso-
nance imaging (DWTI), a sensitive and noninvasive test,
can be used-to diagnose CJD. Not all hospitals, however,
have magnetic resonance imaging (MRI) scanners, and
even if a hospital has an MRI scanner, it is often not suit-
able for DWL

Because some therapies, such as a cerebroventricular
infusion of pentosan polysulfate or orally administered
quinacrine, are effective for patients at a very early stage
of CJD, it is clear that the identification of a sensitive and
reliable for the early stage of CJD is required. To ascertain
which of the potential CJD markers is the most sensitive
for CJD in the first 6 weeks following the onset of the dis-
ease, we compared the results of DWI with the presence
of t-tau protein and 14-3-3 protein, as well as S-100b pro-
tein and neuron-specific enolase (NSE), in CSF as diag-
nostic markers.of CJD.

Methods

Patients

Forty-four subjects were admitted as CJD patierits to the neu-
rology departments at Nagasaki University, the Nagasaki Kita
Hospital, and the Nagasaki Medical Center of Neurology. Patients
or their families agreed with the aims and significance of our re-
search and gave appropriate informed consent. We examined all
of the subjects using DW1 and obtained CSF from the patients at
all stages of the disease. All 44 patients fulfilled the WHO diag-
nostic criteria for CJD during the time course of this study (ta-
ble 1). We collected CSF samples from 92 patients who suffered
from one of the following disorders: Alzheimer’s disease (n = 54:

208 Dement Geriatr Cogn Disord 2007;24:207-212
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male = 33, female = 21), cerebrovascular disorders (n = 7: male =
5, female = 2), Pick’s disease (n = 1: male = 1, female = 0), Parkin-
son’s disease {n = 5: male = 4, female = 1), corticobasal degen-
eration (n = 2: male = 0, female = 2), Huntington’s disease (n = 1:
male = 1, female = 0), frontotemporal dementia (n = 1: male = 1,
female = 0), progressive supranuclear palsy (n = 3: male = 2, fe-
male = 1), Wernicke’s encephalopathy (n = 2: male = 2, fe-
male = 0), limbic encephalopathy (n = 3: male = 2, female = 1), and
amyotrophic lateral sclerosis (n = 3: male = 2, female = 1). We also
obtained CSF and DWI data from 4 healthy volunteers (male = 2,
female = 2). We analyzed the DWI data and screened the CSF sam-
ples for biochemical markers (14-3-3 protein and t-tau protein).

Detection of the B-Isoform of 14-3-3 Protein, T-Tau Protein,

S§-100b Protein, and NSE in CSF Samples

CSF samplés were collected, divided into aliquots, and stored
at-80°Cuntil they were assayed. All of the assays were performed
at the same time to avoid repeatedly freezing and thawing the
samples. Immunoassays for 14-3-3 protein in the CSF were per-
formed as described previously [3). Polyclonal antibodies specific
for the B-isoform of 14-3-3 protein were obtained from Santa
Cruz Biotechnology (sc-639; Santa Cruz, Calif., USA) or Immu-
no-Biological Laboratories (IBL; Gunma, Japan); all samples were
analyzed with both antibodies to compare their sensitivities. De-
tection of the protein was performed using an enhanced chemi-
luminescence detection kit (Amersham Buchler).

The detection of t-tau protein in the CSF samples was per-
formed as previously reported [3]. ELISA kits included plates with
anti-hTAU antibody-coated wells. In each well, 25 wl of the CSF
sample was mixed with 75 pl of conjugate diluents containing bio-
tinylated anti-hTAU antibodies and incubated for 20 h at 25°C.
Each well was then washed four times with wash buffer. We then
added 100 ! of conjugated elusion containing peroxidase-conju-
gated streptavidin to each well, incubated the samples for 30 min
at 20-25°C, and washed the wells four times with wash buffer. One
hundred microliters of phosphate buffer containing stabilizing
agents was added to each well, and the samples were incubated for
30 min at 20-25°C. Finally, we stopped the reaction by adding 100
pl of 2 N sulfuric acid to each well. The resulting signals were mea-
sured and quantified by absorbance at 450 nm using a Labry system
image station and the accompanying software. These measure-
ments were used to calculate the ratio of each signal to a standard.

Analysis of §-100b protein in the CSF samples was performed
using a chemiluminescent enzyme immunoassay. Antibodies
against S-100b protein {DAKO Japan) were fixed on 96-well mi-
croplates, and anti-rabbit IgG peroxidase-linked species-specific
F(ab’) fragments were used as the secondary antibodies (DAKO
Japan). The range of $-100b levels detected using this method was
0.001-25 ng/mland CJD patients with values >35 ng/ml were con-
sidered to be positive according to receiver operating characteris-
tic (ROC) curve analysis performed using SPSS software. For NSE,
final measurements were obtained using an NSE protein radioim-
munoassay measurement kit (EIKEN Chemical Company, Japan),
which, according to the manufacturer’s protocol, was applicable
for NSE levels in the range of 2~35 ng/ml. The range of NSE levels
in this study was 2-200 ng/ml, and CJD patients with values >2.2
ng/ml, were considered to be positive according to ROC curve
analysis performed using SPSS software. The levels of NSE and S-
100b protein in the CSF samples were measured commercially us-
ing ELISA-based methods (SRL Laboratory, Tokyo, Japan).

Satoh et al.



MRI Protocol )

Scans were performed at two hospitals using various units. For
each of the patients, a 1.0-tesla or 1.5-tesla magnetic resonance
system was used and T)-weighted, fast spin-echo T,-weighted,
and FLAIR images were obtained. The DWTI data were obtained
as DECOM data and analyzed using a standardized method [4,
5). We also used our standard diagnostic protocol for neurode-
generative diseases and our standard acquisition parameters: for
sagittal T,-weighted spin-echo images, the parameters were TR/
TE/NEX = 600/minimals/2, and for axial and/or coronal and ax-
ial FLAIR images, the parameters were TR/TE/TI/NEX =
1,000/140/2,200/1. Both coronal and axial FLAIR imaging and
DWI were performed in most of the subjects, whereas axial DWI
and FLAIR imaging were performed in all of the subjects [4-6].
Cases were judged to be positive when high-intensity signals were
observed at two different lesions in the cortex and basal ganglia.
Only cases that were determined to be positive by two experi-
enced neuroradiologists and/or neurologists were diagnosed as
CJD. We focused on lesions in the striatum (caudate and/or pu-
taminal), in the thalamus, including the pulvinar, and along the
cerebral cortical ribbon.

PSWC on EEGs

EEGs were recorded using the international 10-20 system for
electrode placement. PSWC were defined as diffuse biphasic or
triphasic sharp wave complexes with durations between 100 and
600 ms and intercomplex intervals between 500 and 2,000 ms.

Disease Control Group

We retrospectively reviewed the clinical records of three new
patients who suffered from CO poisoning, herpes encephalitis, or
meningoencephalitis, and those of 87 previously examined pa-

. tients [3].

Statistical Analysis

Standard measures of diagnostic test validity were used to
identify true-positive, true-negative, false-positive, and false-
negative results. For these calculations, 44 CJD patients and 21
CJD patients at an early stage of the disease were examined.

Results

We examined 44 patients with C]D, as determined us-
ing DWI, and classified the cases as sporadic CJD (n =
34), familial CJD (n = 7; 5 cases resulting from a V180l
mutation in the prion protein and 2 cases resulting from
an M232R mutation in the prion protein) or iatrogenic
CJD (dura-associated CJD; n = 3). We obtained CSF from
these patients at all stages of the disease (table 1). Because
the period considered to be the ‘early stage’ of CJD had
not been determined, we defined early-stage CJD as the
first 6 weeks following the onset of the disease. Among
the 44 CJD patients, we selected 21 cases that were with-
in 6 weeks of the onset of the disease (table 2). It has pre-
viously been reported that the most sensitive and spe-

Total Tau Protein in CSF as an Early
Diagnostic Marker
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Fig. 1. a The percentages of the 44 all-stage CJD patients diag-
nosed using MRI (DWI and FLAIR); the detection of t-tau pro-
tein, 14-3-3 protein, NSE, or S-100b protein in CSF samples, and
PSWC on EEGs. b The percentages of the 21 early-stage CJD pa-
tients diagnosed using MRI (DWTI and FLAIR); the detection of
t-tau protein, 14-3-3 protein, NSE, or S-100b protein in CSF, and
PSWC on EEGs.

cific results for the diagnosis of CJD using the level of t-
tau protein were obtained with a cutoff value of 1,260
pg/ml determined on the basis of ROC analysis [3). Using
this value, 42 of the 44 CJD patients were positive for t-tau
protein in their CSF samples (>1,260 pg/ml in 95.5% of
the patients). The patients that were negative for CSF t-tau
protein included 1 case that resulted from a V180I muta-
tion and 1 case of sporadic CJD. At each stage of illness
in the CJD patients, detection of t-tau protein in CSF was
a more sensitive marker of CJD than imaging (DWI and
FLAIR), detection of 14-3-3 protein, NSE, or S-100b pro-
tein in CSF, and PSWC on EEGs (fig. 1). Using antibodies
against the B-isoform of 14-3-3 protein, we detected this
proteinin the CSF samples from 39 of the 44 CJD patients
(88.6%). In assays of the CSF samples for NSE and S-100b
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Table 2. Summary of the detection of t-tau, 14-3-3 protein, NSE, and S-100b protein in CSF, and the results from DWT for 21 patients

with early-stage CJD
Patient Age Sex CJD dl dw. CSF MRI EEG
_No. type weeks | raprotein 1433 NSE  S-100bpro- DWI FLAIR PSWC
‘ pg/ml protein ng/ml  tein, ng/ml
Cutoff data in CJD patients >1,260 >+ >35 >2.5 > >* -
1 64 f sp probable 4 3,414 + -~ 4.73 + - -
2 73 m  sp probable 4 2,068 + - 1.64 + - -
3 67 m sp probable 4 9,055 + ~ 0.86 + . ~ -
4 76 m sp probable 4 4,645 + -~ 0.60 + - -
5 80 f sp probable 4 8,766 + - 0.84 + - -
6 77 m sp probable 2 10,671 + - 0.60 + - -
7 63 f sp probable 4 1,814 - - 1.28 v - -
8 69 f sp definite 6 4,917 + 0.91 + ~ -
9 54 f sp definite 6 1,317 - - 1.76 + -
10 67 m sp ‘probable 4 3,055 + - 1.96 + - -
11 70 f sp probable 4 2,841 - - 1.91 + - -
12 70 f ia probable 6 9,787 + - 0.85 - ~ ~
13 67 f sp probable 5 2,657 - 1.33 - - -
14 70 f fa probable 6 3,358 + - 0.60 + -
15 63 m sp probable 4 3,125 ¥ - 0.84 + -
16 63 m sp probable 4 3,530 + - 0.90 + - -
17 64 f sp probable 6 2,630 + - 0.90 + - -
18 51 f ia probable 6 . 3,930 + - 0.62. + - -
15 74 m sp probable 5 4,574 + ~ 0.98 + - -
20 74 f sp probable 6 3,666 + - 1.86 + - -
21° 71 m sp probable 0 8,66 - 2/21 0.22 + - -
Total number of patients 20/21 16/21 12/21  1/21 18/21. 2/21 0/21
Sensitivity, % 952 76.2 .57.1 438 90.5 9.5 0

'sp = Sporadic CJD; ia = iatrogenic CJD; fa = familiar CJD; d1 = diagnostic level based on the WHO and the Masters criteria;
d.w. = duration from the onset of the diseaseto the diagnostic examination. In all 21 cases, codon 129 of the gene coding for the prion
protein was Met/Met homozygous, whereas codon 219 was Glu/Glu homozygous. Total protein contents of all the patients stayed

within the normal range. All patients in this study were Asian.

protein, 32 of the 44 C]D patients were clearly positive for
NSE (72.7%), whereas 12 of the 44 subjects were S-100b
positive (27.2%) (fig. 1a). :

During the period that we defined as the early stage of
CJD, all 21 of the selected patients were found to be ab-
normal according to at least one of the diagnostic criteria
(table 2). On the other hand, all 21 patients with early-
stage CJD were able to speak to other people and walk
without assistance. On Western blots, the antibodies pro-
duced by Santa Cruz Biotechnology against the B-iso-
form of 14-3-3 protein detected the protein in 14 of the 21
early-stage cases, whereas the IBL antibodies detected the
protein‘in 17 of the 21 cases (fig. 1b). Analyses of the 21
patients detected NSE, S-100b protein, t-tau protein, and
14-3-3 protein in the CSF from 12 (57.1%), 1 (4.8%), 20
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(95.2%), and 16 (76.2%) of the early-stage cases, respec-
tively. In addition, DWT identified 18 of the 21 early-stage
CJD cases (90.5%), whereas the sensitivity of FLAIR MRI
was 9.5% (2/21) (fig. 1b).

Finally, the gene that codes for the prion protein was
sequenced from each of the early-stage patients; each of
the 21 patients was found to be homozygous for the co-
dons coding for the amino acids at positions 129 (Met)
and 219 (Glu).

. Standard measures of the validity of the diagnostic
tests, including the identification of true-positive, true-
negative, false-positive, and false-negative patients, were
calculated. For these calculations, 44 CJD patients and 21
early-stage CJD patients were used (table 3). In the 44 all-
stage CJD patients, statistical analyses showed that there
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Table 3. Comparison of the biomarkers (14-3-3 protein and t-tau protein) and DW1 results usirig the number of
true-positive, true-negative, false-positive, and false-negative patients

TP TN FP EN Sens; Specific, PPV, NPV, LR NLR Accur,
% % % % %

44 CJD patients

t-tau protein 42 88 4 2 955 957 913 97.8 220 0.048 95.6
14-3-3 protein 39 8 4 5 886 957 90.7 946 204 0.119 934
t-tau protein and 14-3-3 protein 39 8 4 5 886 957 90.7 946 204 0.119 934
DWI 40 9 2 4 909 978 952 957 418 0.093 95.6
DWI and t-tau protein 38 9 2 6 864 978 95.0 93.8 397 0.139 941
DWI and 14-3-3 protein 38 90 2 6 864 978 950 93.8 397 0.I39 941
21 early-stage CJD patients )

t-tau protein 20 88 1 2 909 989 952 97.8 .809 0.052 973
14-3-3 protein 16 8 5 5 762 946 762 946 142 0252 91.2
t-tau protein.and 14-3-3 protein 16 8 5 5 762 946 762 946 142 0252 91.2
DWI 18 90 3 4 818 968 85.7 957 254 0.188 939
DWTI and t-tau protein 17 9 4 6 739 957 81.0 938 174 0272 915
DWI and 14-3-3 protein 15 9 6 6 714 938 714 938 114 0305 897

TP = True positive; TN = true negative; FP = false positive; FN = false negative; Sens. = sensitivity; Spe-
cific. = specificity; PPV = positive predictive value; NPV = negative predictive value; LR = likelihood ratio;
NLR = negative likelihood ratio; Accur. = accuracy.

were no significant differences in the specificities and the
sensitivities of t-tau protein, 14-3-3 protein, and DWI. In
the 21 early-stage CJD patients, on the other hand, there
were significant differences between the specificities and
the sensitivities of these diagnostic criteria.

Discussion

Before we were able to' examine the utility of these
markers for the diagnosis of CJD, we had to define the
period of time in which the patients suffered from early-
stage CJD. Because many CJD patients visit a hospital in
the first 6 weeks following the onset of the disease in Ja-
pan, we defined the early stage of CJD as the 6 weeks after
the disease onset. This is an important period of time for
the treatment of CJD patients, particularly because CJD
patients must be diagnosed before the onset of the symp-
toms associated with disease progression, such as akinet-
ic mutism or gait disturbance. Therefore, the level of ac-
tivities of daily living was very important for determining
that the early stage of the disease occurred during the
first 6 weeks following the disease onset. In the future, it
will be very important to research into the diagnostic
markers in order to be able to find drugs to successfully
treat CJD patients.

Total Tau Protein in CSF as an Early
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The sensitivity of t-tau protein in CSF was 95.2% in
this study, so we were satisfied with the data as diagnostic
markers of early-stage CJD patients.

Several researchers have reported that measuring the
levels of t-tau protein, 14-3-3 protein,and NSE in CSF had
high diagnostic impacts for the differential diagnosis of
CJD. We have recently begun to doubt the significance of
PSWC on EEGs and the detection of 14-3-3 protein as di-
agnostic criteria for CJD; the sensitivities of these tests in
CJD patients are lower than the sensitivities of DWIand
the detection of t-tau protein in CSF. The qualitative re-
sults from Western blots for 14-3-3 protein can also result
in false positives, which make the diagnosis of CJD dif-
ficult. Moreover, although the antibody against the -
isoform of the 14-3-3 protein (sc-639) that is produced by
Santa Cruz Biotechnology is commonly used asthe WHO
standard throughout the world, this antibody has two
problems. First, it can recognize both the B- and vy-iso-
forms of 14-3-3 protein. Second, in early-stage. CJD pa-
tients, the sensitivity of this antibody for the B-isoform of
14-3-3 protein was lower than that of the anti-14-3-3 B
protein-specific antibody produced by IBL (fig. 2). So, we
concluded the sensitivity of anti-14-3-3 8 produced by
IBL was higher at the early stage.

Neuroradiologistsin Americaand Europe have shown
the effectiveness of FLAIR MRI as a diagnostic proce-

Dement Geriatr Cogn Disord 2007;24:207-212 211



A-1 B-1 C1 A-2 B-2 C-2
Positive Negative [d]s] Positive Negative cJo
control control patient control control patient
. case 17 case 17
Fig. 2. Detection of 14-3-3 protein using
antibodies for CSF obtained from a posi-
tive control (C]JD patient defined by WHO
criteria), a negative control (healthy volun- 30kDa - — =
teer) and case 17. The 1st antibody that was
used in lane A-1, B-1 and C-1 was pro-
duced by Santa Cruz Biotechnology (sc- Antibody
639; Santa Cruz, Calif., USA), and the 1st Santa Cruz Co. 1BL Co. -
antibody that was used in lane A-2, B-2 (sc-639)
and C-2 was produced by IBL (Gunma, Ja-
pan).

dure for CJD with a sensitivity and specificity between

91 and 94% (5, 6]. We, however,-did not detect abnor-

malities in the CJD patients examined in the present
study with FLAIR MRI. This may have been because
many of the changes that we were able to detect with
FLAIR MRI were identified in patients with late-stage
CJD. In the present study, the sensitivity of DWIwas 90%
for the early stage of CJD, and 100% for the final stage of
the disease.

A study by Shiga et al. [4] reported that the sensitivity
of DWT was 92.3% for the diagnosis of the final stage of
CJD. In addition, Mendez et al. [7] used DWI and the de-
tection of 14-3-3 protein in CSF for the diagnosis of CJD.
Neither of these reports, however, discussed the differ-
ence between the sensitivities of the detection of t-tau
protein in CSF and DWTI. In addition, although Young et
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Abstract

Background: There are currently no markers for evaluating
chronological changes in Creutzfeldt-Jakob disease (CJD).
We examined if chronological changes in biochemical mark-
ers in cerebrospinal fluid (CSF) and diffusion-weighted mag-
netic resonance imaging (DWI) were utilizable for this pur-
pose. Methods: Ten independent patients were divided into
two groups of 5 patients each. We analyzed CSF biochemical
markers, DWI and the clinical course in one group. In the re-
maining group, only the CSF biochemical markers were ana-
lyzed before and after the onset of akinetic mutism. Results:
The level of total tau (t-tau) protein in CSF in the early phase
after disease onset was 2,655 *+ 423.9 pg/ml, reaching a
mean peak of 14,675 % 1,240 pg/mlin the middle phase and
gradually declining after that. Just before patients deterio-
rated into akinetic mutism, t-tau protein titers reached a
maximum (8,786 * 2,975 pg/ml). There were dramatic
changesint-tau protein levels throughouttheclinical course,
unlike the other markers. DWi was not always utilizable, be-
cause of discordance with clinical symptoms seen in this

study. Four cases exhibited peaks in t-tau protein levels while
the patients fell into akinetic mutism except 1 case. Conclu-
sion: Our results suggest that t-tau protein is the most sensi-
tive marker of disease progression in CJD patients.

Copyright © 2007 S. Karger AG, Basel

Introduction

While Creutzfeldt-Jakob disease (CJD) is a rapidly
progressive disease, clinical findings in the early stages of
the disease may resemble the symptoms of other neuro-
degenerative diseases. Previously, we have used cerebro-
spinal fluid (CSF) levels of 14-3-3 protein and periodic
sharp-wave complexes on electroencephalography as di-
agnostic markers [1]. We have recently evaluated total tau
(t-tau) protein, excluding 14-3-3 protein, in CSF as a di-
agnostic marker of CJD [2, 3]. CSF levels of t-tau protein
are now considered to be a diagnostic biochemical mark-
er of CJD; as yet, however, no studies have demonstrated
a correlation between CSF biochemical markers and clin-
ical features.

Magnetic resonance imaging (MRI) is also used as a
diagnostic procedure for CJD. Diffusion-weighted MRI
(DWI) is more diagnostic in the early phases of CJD than
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CSF levels of 14-3-3 protein [4-6). But there were no re-
ports about clear links between abnormal lesions of MRI
and clinical features.

As a number of drugs have recently been reported as
useful potential agents for the treatment of CJD, we had
to analyze the efficacy of these drugs in patients with
CJD. There are currently no biochemical markers or mea-
surements applicable to patients with CJD who have been
administered drugs to gauge responses to therapy. We
sought to investigate such markers for clinical monitor-
ing. To determine the usefulness of treatment in the time
course of CJD, we compared biochemical markers, clini-
cal symptoms and MRI findings between treated and un-
treated patients. Therefore, we can elucidate the point in
the disease time course of CJD in which treatment is ef-
ficacious by following the chronology of biochemical
markers, clinical symptoms and MRI findings. The end
point of treatment for patients with CJD is akinetic mut-
ism.

We attempted to determine the MRI findings and CSF
biochemical markers that would be most suitable to pre-
dict the onset of akinetic mutism.

Patients and Methods

Patients

We examined the first 10 patients (5 men; 5 women) with CJD
from 1999 to 2005 who were seen at one of four hospitals (Naga-
saki University, Nagasaki Kita Hospital, Matsue Red Cross Hos-
pital and Nagasaki Medical Center of Neurology). This study pro-
tocol wasapproved by the Nagasaki University Ethics Committee.
The clinical diagnosis of CJD was made using standard criteria.
Patients were classified using the World Health Organization
(WHO) criteria, identifying 3 ‘definite’ cases and 7 ‘probable’
cases.

Not all patients or families agreed with the serial collections
during the disease course. Only 5 of the 10 CJD patients or fami-
lies agreed to follow the full chronology of our study protocol. The
patients were divided into two groups of 5 patients each: one
group completed the full chronological time course study (cases
1-5), and the other group took part in a 2-point analysis study
(cases 6-10). We analyzed the CSF, MRI and clinical findings of
the first group of 5 patients throughout the disease course. Of
these 5 patients, 3 had sporadic CJD (cases 1, 2 and 3), 1 had dura-
graft-associated CJD (case 4) and 1 had the Heidenhain variant
of CJD (case 5). These 5 cases were admitted to the hospital every
3-4 weeks, at which points CSF was obtained for the measure-
ment of biochemical markers, including t-tau and 14-3-3 proteins.
DWI, fluid-attenuated inversion recovery (FLAIR), T;-weighted
and T,-weighted MRI images were also obtained every 3 weeks
throughout the disease time course.

We collected CSF from the remaining 5 patients at admission
and 8 weeks later upon succumbing to akinetic mutism. The lev-
els of t-tau protein were determined at these time points. Of these

Chronological Changes of MRI Findings
and CSF in CJD

5 patients, 2 had a V180l mutation (cases 6 and 7), 1 possessed
V180/M232R mutations (case 8), and 2 patients had sporadic CJD
(cases 9 and 10).

Methods

All patients were subjected to a standard neurological evalua-
tion, including cognitive testing. Additional clinical and labora-
tory tests were performed according to the discretion of the eval-
uating neurologists.

CSF was obtained using a standard clinical procedure. All
samples were free of blood contamination. Samples were stored
between -30 and -80°C until examination by the t-tau protein
assay.

Detection of the B-Isoform of 14-3-3 Protein in CSF and
Measurements of Biochemical Markers in CSF (Total Tau
Protein, S-100b Protein and Neuron-Specific Enolase)

The 14-3-3 protein immunoassay of CSF was performed as
previously reported [4]. Inmunodetection of the protein utilized
a polyclonal antibody against the B-isoform of 14-3-3 (IBL Co.)
and an enhanced chemiluminescence detection kit (Amersham
Buchler).

Measurement of t-tau protein in CSF was performed as previ-
ously reported [3]. Briefly, t-tau protein levels were measured with
commercially available assays from Innogentics NV (Ghent, Bel-
gium). Detection of t-tau protein by ELISA ranges from 70 to 1,120
pg/m! in human CSF. We measured t-tau protein levels by ELISA
according to the manufacturer’s instructions and using identical
standards in all experiments. The resulting signal intensities were
measured and quantitated using the Labry system image station
at 450 nm with the accompanying software. These measurements
were used to calculate the ratio of each signal intensity to the stan-
dard.

The quantities of neuron-specific enolase (NSE) and $-100
protein in CSF samples were measured using a commercially
available ELISA (SRL Laboratory, Tokyo, Japan). S-100 protein
levels could be measured in the range of 0.001-25 ng/ml; values
greater than 35 ng/ml were considered positive in CJD patients.
The measurement range for NSE was 2-200 ng/ml, with values
greater than 2.2 ng/ml considered positive.

MRI scans were performed using various units. Using a 1.0- or
1.5-tesla MR, we acquired T,-weighted, fast spin echo T,-weight-
ed and FLAIR images. The DWI technique has previously been
described [5). We also used a standard diagnostic protocol for
neurodegenerative diseases with standard acquisition parame-
ters: sagittal T;-weighted spin echo (TR/TE/NEX = 600/mini-
mals/2) and axial and/or coronal FLAIR (TR/TE/TI/NEX =
1,000/140/2,200/1). Both coronal and axial FLAIR imaging and
DWIwere acquired for most subjects, while axial DWIand FLAIR
images were obtained for all patients.

Molecular Genetic Analysis

Genomic DNA extracted from peripheral blood leukocytes
was used to amplify the open reading frame of the prion protein
gene by polymerase chain reaction. The resulting products were
analyzed for polymorphisms at codons 129 and 219 by sequencing
as previously described [3].
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Fig. 1. Clinical time course, DWI findings
and biochemical markers in CSF in a pa-
tient with CJD (case 1). a Chronological
data of biochemical markers, t-tau protein,
S-100b protein and NSE in CSF, obtained
chronologically at 6 time points (4, 7, 10,
13, 16 and 19 weeks). b Chronological
changes in DWI of case 1. DWI was ac-
quired at 4 time points (4, 8, 12 and 16
weeks). ¢ The detection of the B-isoform of
14-3-3 protein (IBL Co.) by Western blot-
ting of CSF from case 1 was performed us-
ing an enhanced chemiluminescence de-
tection kit (Amersham Buchler). CSF was
collected at 6 time points (4, 7, 10, 13, 16
and 19 weeks). We could not detect the -
isoform of 14-3-3 by 19 weeks; N.D. = not
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Results

Clinical Time Course, DWI Findings and CSF

Biochemical Markers

Case 1. Case 1 was a 71-year-old male who first pre-
sented with an unstable gait in September 2002. After
developing this symptom, he immediately became disori-
ented. He developed progressive dementia and an ataxic
gait within 3 weeks of the onset of symptoms. He was ad-
mitted to our hospital 4 weeks after the onset of symp-
toms. Upon admission, he could no longer walk without
assistance (fig. 1a). The patient was diagnosed as having
CJD by clinical features, DWI findings and CSF profile.
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Myoclonic seizures began in the sixth week of the disease.
In the tenth week after disease onset, frontal signs, such
as the snout reflex, appeared. He developed akinetic mut-
ism at 12 weeks and died in October 2004.

DWTIatadmission exhibited high-intensity areas with-
in both putamina and caudate nuclei and abnormal den-
sities in regions of the left occipital lobe at 4 weeks. The
abnormal intensities on DWI extended into the frontal
lobes by 8 weeks after onset. After the sixteenth week, the
cerebral atrophy gradually improved; the high-intensity
areas that had been present on DWI became roughly re-
stricted to the temporal lobes (fig. 1b).
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Fig. 2. Clinical time course, DW1 findings
and CSF biochemical markersin a CJD pa-
tient (case 2). a Chronological data of bio-
chemical markers, t-tau protein, S-100b
protein and NSE in CSF, obtained chrono-
logically at 5 time points (7, 10, 13, 16 and
19 weeks). b Chronological changes in
DWT of case 2. MRI was acquired at 4 time
points (4, 8, 12 and 16 weeks). ¢ The detec-
tion of the B-isoform of 14-3-3 protein
(IBL Co.) was performed using an en-
hanced chemiluminescence detection kit
(Amersham Buchler) by Western blotting
of the CSF from case 2. CSF was obtained
at 5 time points (7, 10, 13, 16 and 19 weeks). 7
We could not detect the B-isoform of 14-3-
3 at 7 or 19 weeks; N.D. = not detected.
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Of the biochemical markers measured, t-tau protein
and NSE levels reached peaks of 27,290 pg/ml and 202
ng/ml just prior to the onset of akinetic mutism. In con-
trast, 14-3-3 and S-100b protein levels remained un-
changed (fig. 1a, ).

Case 2. Case 2 was a 65-year-old man who initially
presented with speech disturbances. Ataxic speech began
in August 2002 and progressed rapidly. His neurological
examination at 4 weeks after the onset of symptoms re-
vealed ataxic speech, limb ataxia and truncal ataxia.
These neurological abnormalities were reflected by ab-
normalities on DWI detected at 4 weeks. At 6 weeks, he
was admitted to our hospital with action myoclonus of

Chronological Changes of MRI Findings
and CSF in CJD

the limbs and dysphasia. At 7 weeks, he was diagnosed as
having possible CJD based on the WHO diagnostic crite-
ria (fig. 2a). He could neither walk without assistance nor
swallow at 10 weeks. He developed akinetic mutism at 15
weeks.

Although abnormalities were detected on DW1 as ear-
ly as 4 weeks after onset, we determined that these obser-
vations were artifacts within the basal ganglia. Until the
eighth week, despite a rapid decline in the patient’s ac-
tivities of daily living, DWI failed to reveal any abnor-
mality. At 12 weeks, DWT exhibited abnormal densities
primarily in the frontal lobes. At 16 weeks, at which point
the patient had developed akinetic mutism, DWI did not

Dement Geriatr Cogn Disord 2007;23:372-381 375

-111-



Speech a

Fig. 3. Clinical time course, DWI findings
and CSFbiochemical markersin a CJD pa-
tient (case 3). a Chronological data of bio-
chemical markers, t-tau protein, S-100b
protein and NSE in CSF, obtained at 4 time
points (6, 10, 15 and 21 weeks). b Chrono-
logical changes in DWT of case 3. MRI was
acquired at 3 time points (7, 13 and 17
weeks). ¢ The detection of the B-isoform of
14-3-3 protein (IBL Co.) was performed by
Western blotting of CSF from case 3 using
an enhanced chemiluminescence detec-
tion kit (Amersham Buchler). CSF was
sampled at 4 time points (6, 10, 15 and 21
weeks). N.D. = Not detected.
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demonstrate any cerebral atrophy but did reveal exten-
sive areas of abnormal signal intensity in the right frontal,
temporal and occipital lobes (fig. 2b).

Of the biochemical markers examined, t-tau protein
and NSE levels peaked at 16,959 pg/ml and 60 ng/ml, re-
spectively, just prior to the patient developing akinetic
mutism; 14-3-3 and S-100b protein levels, however, in-
creased progressively with time (fig. 2a, c).

Case 3. Case 3 was a 67-year-old male whose gait be-
came unstable in April 2004. Memory disturbances fol-
lowed shortly thereafter. Four weeks after the onset of
symptoms, he developed myoclonus and cerebellar atax-
ia. At 6 weeks, he developed speech and swallowing dis-

376 Dement Geriatr Cogn Disord 2007;23:372-381

turbances. From his suggestive clinical symptoms, we di-
agnosed the patient as having CJD at 10 weeks; the patient
succumbed to akinetic mutism at 16 weeks (fig. 3a).

We detected an abnormal density in the right caudate
nucleus at 6 weeks. Over time, the area of abnormal in-
tensity expanded to the frontal and temporal lobes
(fig. 3b).

At 6 weeks, CSF contained 2,068 pg/ml of t-tau pro-
tein; 14-3-3 protein was undetectable. Of the biochemical
markers examined, t-tau protein peaked at 15,868 pg/ml,
while NSE reached a maximum of 130 ng/ml. The levels
of both 14-3-3 and S$-100b proteins gradually decreased
with time (fig. 3a, c).
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Fig. 4. Clinical time course, DWI findings
and CSF biochemical markers in a patient
with dura-graft-associated CJD (case 4).
a Chronological data of biochemical mark-
ers, t-tau protein, $-100b protein and NSE
in CSF, obtained at 4 time points (24, 28,
30 and 32 weeks). b Chronological chang-
es in DWI of case 4. MRI was acquired at
4 time points (26, 32, 34 and 38 weeks). No
abnormal intensities were detected by
DWTI at 26 weeks and 32 weeks in case 4.
¢ The detection of the B-isoform of 14-3-3
protein (IBL Co.) was performed by West-
ern blotting of CSF from case 4 using an
enhanced chemiluminescence detection

kit (Amersham Buchler). CSF was ob- c
tained at 4 time points (6, 10, 15 and 21
weeks).
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Case 4. Case 4 was a 40-year-old woman. At 27 years
old, a malignant ependymoma at the ventricular quarters
of the brain was removed neurosurgically with a desic-
cated dura. At 40 years of age, she developed vertigo and
slurred speech. She was admitted to the hospital at 22
weeks after the onset of symptoms, then diagnosed as
having CJD by clinical features such as myoclonus and
the presence of periodic sharp-wave complexes on the
electroencephalogram. She developed akinetic mutism at
32 weeks (fig. 4a).

MRI performed at 26 and 32 weeks failed to reveal any
abnormal intensities; however, MRI at 34 weeks detected
an abnormal intensity along the cerebral cortex. Cerebral

Chronological Changes of MRI Findings
and CSF in CJD

atrophy was also more marked at this point, with the ab-
normal intensities primarily identified in the parietal
lobes (fig. 4a, b).

Of the biochemical markers examined, t-tau protein
and NSE peaked at values of 19,385 pg/ml and 130 ng/ml,
respectively. But in this case (case 4) the period in the
peak of t-tau protein was different from that of the peak
of NSE. Both 14-3-3 and S-100b protein levels gradually
declined over time (fig. 4a, c).

Case 5. Case 5 was a 64-year-old woman who present-
ed with progressive visual impairment over a period of 4
weeks. Despite the absence of additional clinical features
than her cortical blindness, we diagnosed CJD based on
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Fig. 5. Clinical time course, DWI findings
and CSF biochemical markers in a Heiden-
hain variant of CJD (case 5). a Chronolog-
ical data of biochemical markers, t-tau
protein, S-100b protein and NSE in CSF,
obtained at 4 time points (9, 11, 15 and 21
weeks). b Chronological changes in DWI
of case 5. MRI was acquired at 4 time
points (9, 11, 15 and 21 weeks). No clearly
abnormal intensities were detected in case
5 at 9 weeks by DWI. ¢ The detection of the
B-isoform of 14-3-3 protein (IBL Co.) was
performed by Western blotting of CSF
from case 5 using an enhanced chemilu-
minescence detection kit (Amersham
Buchler). CSF was obtained at 4 time <
points (9, 11, 15 and 21 weeks).
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the presence of a giant visual evoked potential and elevat-
ed CSF biochemical markers. An electroencephalogram
did notrevealany periodic sharp-wave complexes (fig. 5a).
Myoclonus appeared at 7 weeks; myoclonus and demen-
tia developed rapidly, becoming evident as early as 8
weeks after the onset of symptoms. She developed aki-
netic mutism at 17 weeks and died within 2 years.

Although abnormal intensities on DWI were observed
within the occipital lobe early in the patient’s course, MRI
did not reveal a clearly abnormal density at 10 weeks.
Markedly abnormal densities were first observed primar-
ily in the occipital lobes at 14 weeks; abnormal densities
within the basal ganglia and frontal and temporal lobes
developed at 18 weeks. Cerebral atrophy became marked
at 22 weeks, accompanied by decreases in the abnormal
densities (fig. 5b).
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Between 9 and 11 weeks, there were no significant
changes in the levels of t-tau protein, NSE or $-100 pro-
tein. Of the biochemical markers examined, t-tau protein
levels peaked at 20,564 pg/ml after the appearance of aki-
netic mutism, then decreased to 12,659 pg/ml at 26 weeks.
NBSE levels exhibited a similar profile. 14-3-3 and S-100b
protein levels remained stable throughout the disease
course (fig. 5a, c).

Analysis of the Relationships between Biochemical

Markers of CSF and Clinical Features

Serial analysis of biochemical markers, including t-tau
protein, in CSF demonstrated marked peaks at 9-18
weeks of the clinical course in 4 cases. Based on the clin-
ical findings and biochemical markers, the time course of
CJD can be divided into three phases: an early phase of
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the first 8 weeks after the onset of iliness, a middle phase
beginning after approximately 9 weeks to akinetic mut-
ism, and a late phase after the development of akinetic
mutism. Most cases of CJD presented to the hospital
within 8 weeks, as suggested by a basic search of the Jap-
anese C]D surveillance committee.

The t-tau protein levels on the lumbar first puncture
in the early phase of disease was 2,655 * 423.9 pg/ml
(mean * SD). Peak levels were observed at approximate-
ly 10-16 weeks after the onset of symptoms (14,675 *
1,240 pg/ml), after which the titers of t-tau decreased
steadily. Analysis of the CSF at the point at which all pa-
tients exhibited akinetic mutism, the mean t-tau protein
titer was 8,786 * 2,975 pg/ml. S-100b protein levels ex-
hibited a similar time course.

Of the biochemical markers examined, t-tau and S-
100b proteins displayed similar concentration profiles
throughout the time course of CJD. The pattern of NSE
expression differed from that of t-tau and S-100b protein,
peaking at a different time from t-tau protein in case 4.

In multiple cases, the myoclonus and dementia were
identified before the first clinical examination or admis-
sion to a hospital. The CSF samples did not reveal a rela-
tionship between CSF biochemical markers and the dura-
tion of the myoclonus or dementia. The progression to
myoclonus and dementia did not correlate with the tran-
sitions in biochemical markers. The only biochemical
marker that correlated with disease progression was the
peak in t-tau protein levels that preceded the onset of aki-
netic mutism.

We did not quantitatively assess 14-3-3 protein levels
using either ELISA or RIA, instead using the qualitative
results of Western blotting. 14-3-3 protein levels were
. highest at the point at which t-tau protein levels peaked
(cases 1, 2 and 3). 14-3-3 protein was undetected at the
early stages of disease in most cases. S-100b protein and
NSE exhibited a similar concentration pattern in early
disease.

Analysis of the Relationships between DWI and

Clinical Features

Case 5 complained of cortical blindness and visual im-
pairment, which correlated well with the DWTI findings
of abnormal intensities primarily in the occipital lobes.
Cases 1 and 5 presented with symptoms of dementia;
however, DWI did not reveal any abnormal intensities in
the hippocampus or frontal lobes. In addition, both pa-
tients exhibited cerebellar ataxia but did not show any
abnormal intensities of the cerebellum on DWI. Indeed,
none of these 10 patients displayed abnormal intensities

Chronological Changes of MRI Findings
and CSF in C]D

within the cerebellum by DWI. Thus, the clinical symp-
toms did not correlate with the areas of abnormal signal
intensity on DWI that would be suggested by the focal
neurological signs.

Analysis of the Extent of Abnormal Intensities on

DWI

The extent of the abnormal intensities on DWI varied
widely among the 5 patients. Cases 1 and 3 exhibited ab-
normal intensities that were first detected within the bas-
al ganglia and temporal lobes, which then extended to the
frontal or occipital lobes. In cases 2 and 5, the abnormal
intensities began in the frontal or occipital lobes, then
extended to the basal ganglia. DWI imaging of case 4 re-
vealed abnormal intensities in the basal ganglia only.
These findings led to the conclusion that the extent of
abnormal intensities on DWI does not correlate with
clinical symptoms or severity.

Analysis of Total Tau Protein at 2 Time Points Alone

in Patients Other than the Above 5

The analysis of CSF biochemical markers (t-tau pro-
tein, 14-3-3 protein, NSE and S-100b protein) suggested
that t-tau protein was the most accurate pathological
marker. We therefore analyzed t-tau protein levels in 2
patients with sporadic CJD, 2 CJD patients with a V180I
mutation and a CJD patient with the V1801/M232R mu-
tations before and after the onset of akinetic mutism. The
2 sporadic CJD patients and 3 CJD patients bearing V1801
mutations (including the patient with both V180I/M232
mutations) exhibited clearly different patterns in t-tau
concentrations over time. The levels of t-tau protein,
however, tended to decrease between the 2 time points,
particularly rapidly in the sporadic CJD patients (fig. 6).
Before the onset of akinetic mutism, the mean titer of CSF
t-tau protein was 6,455 * 4,462 pg/ml, decreasing to
3,211 * 1,607 pg/ml after the development of akinetic
mutism.

Discussion

Previous studies have compared biochemical markers
in CSF from patients with CJD at 2 time points {2, 7-10].
As yet, no studies have analyzed the detailed chronologi-
cal changes in CSF biochemical markers, making this
study valuable for the clinical management of CJD pa-
tients [2, 7-10].

At first, we divided the time course of CJD illness into
3 phases. The t-tau protein level on the first lumbar punc-
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Fig. 6. Comparative analysis of t-tau protein in CSF measured be-
fore and after the onset of akinetic mutism (cases 6-10). Cases
6~8 were familial cases. Cases 6 and 7 exhibited point mutations
in the prion protein gene (Val/lle at codon 180), while case 8 pos-
sessed 2 mutations in the prion protein gene (Val/Ile at codon 180
and Met/Arg at codon 232). Cases 9 and 10 were sporadic cases.
All cases were analyzed for the codon 129 (Met/Met) and codon
219 (Glu/Glu) polymorphisms.

ture in the early phase of disease was 2,655 % 423.9 pg/ml
(mean * SD). Peak protein levels were observed at ap-
proximately 10-16 weeks after disease onset (14,675 *
1,240 pg/ml). Titers of t-tau decreased thereafter in 4 cas-
es. Samples of CSF acquired when all patients exhibited
akinetic mutism had a mean t-tau titer of 8,786 * 2,975
pg/ml. S-100b protein levels exhibited a similar time
course of concentration fluctuations, although these
changes were not dramatic. S-100b protein levels peaked
later than those of t-tau protein, which may reflect the
fact that S-100b protein is secreted from astrocytes, but
not from neurons.

A number of studies have reported changes in t-tau
protein during 1 or 2 periods, but these studies have not
analyzed the chronological progression [2, 9, 11]. t-tau
protein levels peaked in Everbroeck’s middle stage, cor-
responding to the clinical symptom of akinetic mutism.
The mean value of t-tau protein found in CSF was 14,850
pg/ml in Everbroeck’s middle stage.

Otto et al. [2] and Kropp et al. [9] also demonstrated
changes in NSE and S-100 in CSF at 2 points during the
disease time course in 16 patients. Fifteen of these pa-
tients exhibited elevations in both markers which per-
sisted until 30 weeks, although the levels decreased in 1
patient after 30 weeks. Whereas in our study we analyzed
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CSF every 3-4 weeks, they only analyzed the data at 2
points, which were separated by a variable number of
weeks. We speculate that peaks in t-tau levels may have
occurred in the interim between measurements.

CSF analysis before and after the onset of akinetic
mutism demonstrated that t-tau protein levels tended to
decrease over this time (fig. 6). The absolute difference
between these 2 measurements was minimal, however, as
this group included 3 CJD patients with V180I mutations
who have a slowly progressive course and in whom the
onset of akinetic mutism is difficult to assess. CSF levels
of t-tau protein are thought to reflect neuronal death. On
the assumption that the akinetic mutism associated with
changes in the sporadic C]D patients corresponds to neu-
ronal death, we hypothesized that neuronal death should
peak around the time of onset of akinetic mutism. There-
fore, t-tau protein in CSF is a pathological marker that
should predict the progression of the patient to akinetic
mutism.

Recently, several groups have reported that DWT s di-
agnostic for CJD. Chronological changes in DWI have
only been examined in case studies, as reported by To-
mita et al. [12], Matoba et al. [13] and Ukisu et al. [14].
Our study revealed that the localization of pathological
sites and areas of abnormal signal intensity on DWI did
not correlate with the potential sites of localization sug-
gested by focal neurological signs. In addition, we identi-
fied that the extent of abnormal intensities on DWI did
not predict the severity of the disease, supporting the re-
sults of Ukisu et al. [14]. As evidenced by case 5, however,
DWI can agree with the clinical symptoms. Thus, DWI
does not correlate with the clinical features of disease and
cannot be used to predict the extent of CJD lesions. The
manner of lesion reflected in the abnormal signal inten-
sity areas on DWI remains unclear, because it is difficult
to examine such areas shown by DWT histologically. Neu-
rologists and neuroradiologists agree that it is difficult to
explain why these abnormal densities on DWI persist for
several months, if they were to be explained in terms of
edematous changes and rapid neuronal death.

This study demonstrated that clinical symptoms did
not necessarily correlate with abnormal densities visual-
ized on DWT; these abnormal intensities have no definite
pattern of extension. t-tau protein levels, however, are an
effective pathological marker that can be used to predict
progression of the patient to akinetic mutism.
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