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& Abstract Objective To describe
the clinical features of Creutzfeldt-
Jakob disease with a substitution of
arginine for methionine (M232R
substitution) at codon 232
(CJD232) of the prion protein gene
(PRNP). Patients and methods We
evaluated the clinical and labora-
tory features of 20 CJD232 patients:
age of onset, initial symptoms, du-
ration until becoming akinetic and
mute, duration until occurrence of
periodic sharp and wave complexes
on EEG (PSWC), MRI findings, and
the presence of CSF 14-3-3 protein.
Immunohistochemically, prion
protein (PrP) deposition was stud-
ied. Results None of the patients
had a family history of CJD. We rec-
ognized two clinical phenotypes: a

rapidly progressive type (rapid-
type) and a slowly progressive type
(slow-type). Out of 20 patients, 15
became akinetic and mute, demon-
strated myoclonus, and showed
PSWC within a mean duration of
3.1, 2.4, and 2.8 months, respec-
tively (rapid-type). Five showed
slowly progressive clinical courses
(slow-type). Five became akinetic
and mute and four demonstrated
myoclonus within a mean duration
of 20.6 and 15.3 months, respec-
tively, which were significantly
longer than those in the rapid-
type. Only one demonstrated
PSWC 13 months after the onset.
Diffuse synaptic-type deposition
was demonstrated in four rapid-
type patients, and perivacuolar and

diffuse synaptic-type deposition in
two, and diffuse synaptic-type de-
position in one slow-type patient.
Three of 50 suspected but non-CJD
patients had the M232R substitu-
tion, Conclusions Patients with
CJD232 had no family history like
patients with sCJD, and showed
two different clinical phenotypes in
spite of having the same PRNP
genotype. More studies are needed
to determine whether M232R sub-
stitution causes the disease and in-
fluences the disease progression.

I Keywords Creutzfeldt-Jakob
disease - M232R - clinical
phenotype - uncommon variant -
diffusion-weighted MRI

Introduction

Human prion diseases are divided into three types:
sporadic, genetic, and infectious prion disease. Genetic
prion disease, which is defined as prion disease with
causative abnormalities of the prion protein gene
(PRNP), accounts for approximately 10 to 15% of all
prion disease cases, and includes genetic Creutzfeldt-
Jakob disease (gCJD), Gerstmann-Striussler-Scheinker
disease (GSS), and fatal familial insomnia (FFI) [1]. In
general, the clinical features of gCJD are more various
compared with those of sporadic CJD (sCJD) and are
regulated by the genotype [2]. Therefore, gCJD, even if
its clinical features are quite different from those of
sCJD, especially those of the most often encountered
type of sCJD with methionine homozygosity at codon
129 of PRNP and type 1 protease-resistant prion protein
(MM1) (3], can be diagnosed by examining the geno-
type. To clarify the clinical features of CJD, which asso-
ciates with a substitution in PRNP, will provide an im-
portant clue that can lead to genetic examination.

To date, more than 30 causative mutations have been
recognized and individual PRNP mutations show vari-
able geographical distribution and frequency. The car-
dinal characteristic of gCJD is that more than half of the
patients lack family history.

CJD patients associated with a substitution of argi-
nine for methionine at codon 232 (M232R substitution)
in PRNP with no relevant family history have been re-
ported in Japan [4-10]. Previously, the clinical features
of CJD with the M232R substitution (CJD232) were
thought to be similar to those of typical sCJD with MM1
[3], which accounts for the vast majority of sCJD in

terms of clinical features, including EEG findings [5, 6,
9]. However, cases of CJD232 that showed a longer clini-
cal course and lacked the characteristic periodic sharp
and wave complexes (PSWC) have been reported [7, 8].
We have experienced eight cases of CJD232. Five of them
showed a rapid clinical course and typical CJD features,
while the others showed very slow progression and atyp-
ical features. We studied the clinical features of 20
CJD232 patients, including our original patients, and
found that there were two different major clinical phe-
notypes with the same genotype, including polymor-
phisms at codons 129 and 219 of PRNP; one progressed
rapidly, and the other progressed slowly. Better under-
standing of the clinical features of CJD232 would con-
tribute to the diagnosis of CJD232, especially in patients
with atypical clinical features.

FERSIERD RE ARG, TR e TR L RE E AR T AT TS T Y 4T IR e T SRS S X, SRR T

Patients and methods

Twenty-four patients with CJD232 were included in this study: eight
were our original cases, seven were obtained by reviewing the litera-
ture [5-10] and nine were found by reviewing the clinical records of
CJD patients reported to the Creutzfeldt-Jakob disease Surveillance
Committee, Japan. We excluded two patients because they had double
point mutations at codon 180 and at codon 232 [10] and one patient
because her polymorphism at codons 129 and 219 of PRNP was un-
certain [5]. Therefore, 21 patients were enrolled in this study. The nine
who were proven at autopsy are indicated by asterisks in Fig. 1.

We first evaluated the duration from onset until the patients man-
ifested akinetic mutism. As shown in Fig. 1, 15 became akinetic and
mute within six months, while five did not become so until 15 months
after the onset. These C]D232 patients appeared to be comprised of
two different groups: one was a rapidly progressive type (rapid-type)
and the other was a slowly progressive type (slow-type). We evaluated
the age of onset, initial symptoms, duration from onset to the ap-
pearance of myoclonus, duration from onset to akinetic mutism, du-
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Fig. 1 The duration from the onset to akinetic mutism. The X-axis shows the du-
ration {months) and the Y-axis shows the accumulative number of patients. Black
circles indicate patients who became akinetic and mute; the white circle indicates
a patient who had not become akinetic and mute. The white circle with a question
mark indicates a 50-year-old-male patient who suddenly died seven months after
the onset because of a myocardial incident. Since he had not become akinetic and
mute, and was able to converse with simple words, we excluded him from further
analyses. Asterisks indicate autopsy proven patients. We recagnize two different
groups concerning the duration from the onset to akinetic mutism: a rapidly pro-
gressive type and a slowly progressive type

ration from onset to occurrence of PSWC, results of MRI, and the
presence of 14-3-3 protein in the CSF of the two types. The patient
marked by a question mark in Fig.1 was excluded from the evalua-
tion. We were unable to determine which group this 50-year-old man
belonged to because he had not become akinetic and mute and was
still able to converse with simple words seven months after the onset
when he suddenly died due to a myocardial incident [8]. Thus, the
clinical data of 20 patients were finally used for this study.

In one of the rapid-type patients and in three of the slow-type pa-
tients including a previously reported 64-year-old woman [7], im-
munohistochemical staining of PrP using monoclonal antibody 3F4
(Prionics, Schlieren, Switzerland) was performed. Including the pre-
viously reported pathological findings of three patients belonging to
the rapid-type [6], immunohistochemical staining of PrP in both
groups were studied. In each group, the molecular type of the abnor-
mal isoform of prion protein (PrP5) was studied.

The Mann-Whitney U test was used for statistical comparison of
the age of onset and the duration until the appearance of myoclonus
and akinetic mutism from the onset between the rapid-type and the
slow-type. The Grubbs-Smirnov critical test was used for statistical
analysis of the duration until the appearance of PSWC from the onset
between the rapid-type and the slow-type. Fisher’s exact probability
test was used for comparison of the male to female ratio,and the rates
of myoclonus, akinetic mutism, and PSWC between the two types. It
was also used for comparison of the positive rate of 14-3-3 im-
munoassay and MRI between the two types.

Results

Reviewing the clinical records of the enrolled patients,
we found that no patients of either group had a family
history of prion disease or dementia.

Fifteen patients, eight men and seven women, with a
mean onset age of 65.4 £ 5.2 (Mean * SD) years could be
categorized as the rapid-type. Of those, seven with an
initial symptom of progressive dementia or memory

disturbance, two with visual symptoms, two with cere-
bellar ataxia, two with involuntary movement, and two
with other symptoms. All except for one uncertain pa-
tient demonstrated myoclonus 2.4 + 1.8 months after the
onset. All became akinetic and mute within a mean du-
ration of 3.1+ 1.5 months, and demonstrated PSWC
(Fig.2A and B) within a mean duration of 2.8+1.8
months. C]D-related high intensity lesions [11] were de-
tected in eight of the nine patients examined by MRI.
Similar to sCJD, three patterns existed: in one, high in-
tensity lesions appeared mainly in the striatum
(Fig. 3A); in another, they appeared in the striatum and
the cortical ribbon equally (Fig. 3B); and in yet another,
they appeared mainly in the cortical ribbon (Fig.3C).
The 14-3-3 protein assay was positive in all eight pa-
tients examined. All 15 patients showed MM129, 14
showed glutamic acid homozygosity at codon 219
(GG219) and one showed glutaminic acid/lysine het-
erozygosity at codon 219 in the PRNP analysis. These
clinical features closely resembled typical sCJD with
MM1 [3]. Immunohistochemical staining of PrP in four
patients (one original patient and three previously re-
ported patients [6]) revealed a diffuse synaptic-type de-
posit (Fig.4A). The molecular type of PrP* in one pa-
tient was type 1.

Five patients, two men and three women, with a mean
onset age of 59.0 + 12.8 years could be categorized as the
slow-type. Three had an initial symptom of progressive
dementia or memory disturbance, one showed psychi-
atric symptoms, and one had dressing apraxia. Four of
five patients demonstrated myoclonus 15.3%12.3
months after the onset, and the remaining one did not
demonstrate myoclonus during the 13-month observa-
tion period. All became akinetic and mute within a
mean duration of 20.6 + 4.4 months. Only one demon-
strated PSWC within the observation period of
23.8+13.7 months (Fig. 2C and 2D). C]JD-related high-
intensity lesions were detected in four of the five pa-
tients examined by MRI {11]. One showed high-inten-
sity lesions in the cortical ribbon (Fig. 3D and 3E), while
in the others such lesions appeared in both the striatum
and cortical ribbon (Fig.3F). The medial thalami
showed high-intensity lesions in all three patients ex-
amined by DWI (white arrows in Fig.3D and E, and
black arrows in Fig.3F). The 14-3-3 protein assay was
positive in all four patients examined. In the PRNP
analysis, all five patients showed MM129 and GG219.
Immunohistochemical staining in two patients revealed
predominantly perivacuolar-type PrP deposits in the
cerebral cortex (Fig.4B), but also partly the diffuse
synaptic-type deposits. In one patient, only the diffuse
synaptic-type deposits were revealed. The molecular
type of PrP% in one patient who had predominantly
perivacuolar-type PrP deposits was type 1 + 2.

Between the two groups, there were no differences in
the age at onset, male to female ratio, or positive rate of
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Fig. 2 EEG of representative patients of the rapid-type group and the slow-type group. A and B were recorded from the same 55-year-old woman in the rapid-type group.
Cand D were recorded from the same 69-year-old woman in the slow-type group. A EEG obtained two and half months after onset demonstrated high amplitude periodic
sharp and wave complexes (PSWC) at a frequency of 1.5 Hz characteristic of (UD. B EEG obtained five months after the onset demonstrated PSWC at a frequency of 1 Hz. The
amplitude was lower than that of Fig. 1A, and the background activities were flattened. EEG rapidly deteriorated. C EEG obtained four months after the onset. The back-
ground activities were 8 Hz mixed with no apparent slow activities. PSWC was not demonstrated. D EEG obtained twelve months after the onset. The background activities
were 5 Hz mixed with 8 activities. However, PSWC was not yet demonstrated

14-3-3 protein immunoassay. Similar to sCJD,there were ~ demonstrated PSWC 13 months after onset, which was
three patterns of high-intensity lesions shown by MRIin  later compared with that of the rapid-type (p<0.01).
the rapid-type. We were unable to distinguish the rapid-  The rate of PSWC in the slow-type was lower than that
type of CJD232 from sCJD based on the clinical features  in the rapid-type (p <0.01). Since there were no differ-
including MRI findings. Patients with the slow-type did  ences in the polymorphisms of codons 129 and 219 be-
not have fewer lesions than patients with the rapid-type  tween the two groups, such polymorphisms would not
at diagnosis. High-intensity lesions in the medial thala-  be determinants of the disease subtype. Based on the
mus depicted by DWI were a common finding of the  differences in the clinical and laboratory findings
slow-type (Fig.3A-F). There was no difference in the  (Tablel), we considered that these two types repre-
rate of myoclonus between the two groups, but the du-  sented completely different phenotypes of exactly the
ration until the appearance from the onset was longerin ~ same genotype.

the slow-type compared with the rapid-type (p <0.005). By reviewing the investigative reports collected by
All patients became akinetic and mute in both types, but the Creutzfeldt-Jakob Disease Surveillance Committee,
the duration until becoming akinetic and mute from the  Japan, as of February 2006, PRNP information was avail-
onset in the slow-type was longer than that in the rapid-  able from 511 patients: 317 were acknowledged as spo-
type (p <0.001). Concerning PSWC, all patients in the  radic C]JD, 41 as infectious CJD, 103 as genetic prion dis-
rapid-type demonstrated PSWC 2.8+ 1.8 months after  ease that included 28 CJD with V1801 (CJD180), 27 GSS
the onset. However, in the observation period of  with P102L,23 CJD with E200K, and 13 CJD232, and 50
21.6 + 12.8 months, only one patient with the slow-type  as non-CJD. Three of the 50 non-CJD patients who had
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Fig. 3 DWiI of the rapid-type group (A-C) and the slow-type group (D-F). A DW| 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 bilateral 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 arrows)

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].

B R . S I N 2 . -

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 (CJD200) 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
C)JD232 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-
Straussler-Scherinker disease with a point mutation of
proline toleucine at codon 102 of PRNP (GSS102), 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 sCJD-
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 monoclonal anti-
body 3F4. A Anti-PrP immunostaining in a 67-year-old woman suffering from the
rapid-type of (JD232 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 CJD 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 sC]D-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 female ratio and age at onset be-
tween the two types in our series of CJjD232. The molec-
ular type of PrP% is another factor that is closely
associated with the clinical and pathological pheno-
types of sC]D [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 immunohistochemical 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
PrP%¢ 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 CJD232 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
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Table 1 Comparison of clinical and laboratory fea-

tures between the rapid-type (R-type) and the slow- flinigalf»eajtu’res n Rtype(N = 1,5), A S'Wé (N =5) R ~
type (S-type) of D232 Age atonset (Year) 65452 590+ 128 - NS
Men: Women 8:7 23 NS
Family histbry 0/15 positive 0/5 positive ) NS

Initial symptoms

Myocl(_inus {Mo)? - ‘
Positive rate

Akine(ic'mutism (Mo)?
Positiverate

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

Autopsied cases v
PrP immunostaining -

PrP type

" 7: progressive dementia
2:visual symptoms
2: cerebellar ataxia
2:involuntary movement

3: progressive dementia
1: psychiatric symptoms
1: dressing apraxia

- 2:others . o
24+18 : 153£123 <0.005
14/14> - : S 45t . NS :
3115 20644 <0.001
1’ns. S5 ] NS
8/8 positive _ 4/4 positive NS
28118 13 <0.01
15/15 1/5** <001
8/9 positive 4/5 positive ’ NS

" 15:Met/Met 5: Met/Met’ :

14: Glu/Glu 5: Glu/Glu
1: Glu/lys )

N5 3/5 ) o

Synaptic4 . Synaptic + Perivacuolar:2
L Synaptic:1
Type1:1 Type 1+ 2:1

Values are means + SD where applicable

3The duration until the appearance of myoclonus, akinetic mutism, and PSWC from the onset; ® It 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 (UD232; 5-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. MR, especially DWI [11], is
very useful to distinguish the stow-type of CJD232 from
other neurodegenerative disorders, because the slow-
type of C]JD232 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 sCJD
[29]. The major differential diagnosis of the stow-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 sC]JD 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 PrP% 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),



