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Abstract. Skin and soft tissue radiation injuries are life-threatening as well as of esthetic concern in
local tissues. As for local radiation injuries, clinically developed procedures such as local flaps and
free vascularized flaps result in better and less-invasive reconstructive outcomes for victims of
therapeutic radiation of malignant tumors, prolonged fluoroscopic procedures for cardiovascular
diseases or possibly direct contact with radioactive waste, while systemic radiation injuries should
find other solutions. In systemic radiation injuries, there is a good chance to save lives when the
initial treatment is efficient, although donors of the skin grafting after debridement of the radiation-
damaged tissue removal are unrealistically autogenous. Thus, exceeding certain extent and degree,
systemic radiation injury-induced bums were not the medical objectives. Recent understanding and
application of use in adult stem cells, however, create a new insight for severe systemic radiation
injuries. Among the adult stem cells, the human mesenchymal stem cells are able to be freeze-dried,
easily thawed and able to be cultured in vitro. A basic fibroblast growth factor is already of clinical
use and efficient for the human mesenchymal stem cell growth both in vitro and in vivo. An artificial
dermis is useful for temporal coverage of the raw surface of severe bedsores. The combined use of
these successfully regenerates both dermis and epidermis after 20 Gy whole body irradiation in a
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nude rat model. Therefore, even severe radiation injuries, local tissue management and therapy are
well-handled and systemic radiation injury may be hopeful with understanding and the specialized
practice of regenerative medicine. © 2007 Published by Elsevier B.V.

Keywords: Local and systemic radiation injury; Human mesenchymal stem cell; Basic fibroblast growth factor;
Artificial dermis; Regenerative medicine

1. Introduction

There are increasing concerns about both systemic and local radiation injuries, possibly
caused by nuclear power plant accidents, therapeutic irradiation for malignant tumors or
prolonged fluoroscopic procedures for cardiovascular diseases. These should be treated
properly for the sake of life-saving and improved wound healing [1-4].

A plastic surgeon is one of the surgical sub-specialists, who deals with the devastating
soft and hard tissue wounds and is always concerned about the quality of the healed
wounds. Recent innovations lead to better reconstructive surgical options for difficult
wound-healing and more realistic regenerative medicine may be applicable for systemic
radiation injures, which may be impossible for rescue with conventional medical and
surgical modalities. Plastic surgery procedures such as skin grating, local flap and free
vascularized flap are carefully selected on a case-by-case basis for local radiation injures.
Although the therapeutic effect of local irradiation can control malignant tumors, it also
alters the remaining normal structure of the surrounding tissues in both a permanent and
progressive manner. This includes a loss of healing, skin atrophy, fibrosis, altered micro-
circulation and potential necrosis. Also interventional procedures under fluoroscopy are
increasing because more radical procedures are adopted as more precise and accurate
diagnosis is required for intervention. The characteristics of the sustained fluoroscopic
tissue injury are unrecognized and under-treated. :

For systemic acute radiation injuries, immediate and precise diagnosis of the extent and
the degree of the affected tissues should be elucidated. Re-surfacing the injured skin and
soft tissues are always the great concern and if autogenous skin is not sufficient enough for
coverage, other modalities such as allogeneic skin grafting or the more advanced therapies
with adult stem cells may necessitate acute systemic radiation injuries of the skin and soft
tissues. We, therefore, demonstrate the efficacy of the plastic surgical modalities in local
radiation injuries and investigate the possibility of the use of human adult stem cells (human
mesenchymal stem cells) against the severe radiation injury models. Here the roles of
plastic surgery in emergency radiation thus far are reviewed and the futuristic possibility of
integration of regenerative medicine in this field is also discussed.

2. Materials and methods
2.1. Patients and methods for local radiation injuries

From January 1990 to April 2004, 9 (8 females and | male) patients who demonstrated
radiation injuries such as telangiectasia, xerosis, epidermal atrophy karatoses, and fibrosis
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as well as deep ulcers in the costal ribs and sternum, were surgically treated and included in
this investigation.

2.2. Materials and methods for systemic radiation injuries

2.2.1. Human mesenchvmal stem cells

Human mesenchymal stem cells from a single human bone-marrow donor were isolated by
density gradient centrifugation and strictly sorted as positive for markers such as CD105,
CD166, CD29 and CD44, and negative for cell surface markers such as CD14, CD34 and
CD45. Human mesenchymal stem cells (hMSCs) were purchased from BioWhittaker, Inc.
(Cat # PT-2501, Walkersville, MD, USA) and the cryopreserved cells were thawed im-
mediately according to the manufacturer’s instructions. Two different donor-derived hMSCs,
whose gender were female and whose racial backgrounds were Caucasian (Lot # 1F0658 and
1F1061), were used in the experiments. The cells were cultured in “basic medium” of
Dulbecco’s modified Eagle Medium (DMEM) containing low glucose supplemented with
10% fetal bovine serum (FBS, heat-inactivated, cat # 16000-044, GIBCO, Invitrogen™, Life
Technologies, Japan K.K.), 200 mM L-glutamine, and penicillin (100 U/mL) and streptomycin
(100 pg/mL) at 37 °C in 95% humidified air and 5% CO,. The medium was exchanged every
3 days until the cells were confluent, then the cells were passaged up to 4 times. The growth
characteristics during the four passages in FBS were indistinguishable. The cells were washed
using 10 mL of phosphate-buffered saline (PBS) and then liberated by exposure to 0.25%
trypsin/lmM EDTA (GIBCO, cat # 25200-056) for 3 min at 37 °C, followed by tapping of the
dishes and the addition of 5 mL of culture medium. The cells were centrifuged at 400xg, and
then re-suspended in basic medium for the following in vitro examinations. The other cells
were stored at —70 °C until use in a solution containing 5% human serumn albumin (IS Japan,
Co., Ltd., Saitama, Japan, Cat # 9988) and 10% dimethylsulfoxide (DMSO, Sigma-Aldrich
Japan K.K., Tokyo, Japan, Cat # 41641) according to the manufacturer’s instruction. The
hMSCs were cell counted by a Beckman Coulter® cell and particle counter (Beckman Coulter
KX., Tokyo, Japan). After cell counting, the pellets were dissolved in total amount of 100 pL
of culture medium 30 min before in vivo use [5].

2.2.2. Animals and whole body irradiation by X-ray generator

Animals aged 10 weeks and weighing 200-300 g, were used. Animals were obtained
from CLEA JAPAN (Tokyo, Japan), housed in the laboratory animal centre for biomedical
research, Nagasaki University School of Medicine (Nagasaki, Japan), and the protocol of
the animal experiment was approved by the Institutional Animal Care and Use Committee
of Nagasaki University, no. 0204080111. They were handled according to the guidelines
established for animal care at the centre. Each rat had free access to both sterile water and
standard rodent soft chow ad libitum [6].

20 Gy whole body irradiation to 10 nude rats (F344/NJCl-mu), which have deleted T-cell
function and thus acute immune rejection to human derived cells is minimized, were
performed at the Atomic Bomb Disease Institute, Nagasaki University, by an X-ray radiation
generator (EXS-300-5, Toshiba, 200 kV, 15 mA, 0.405 Gy/min). Animals were divided into
two groups of five each, control group and hMSCs treated group; surgical procedures were
performed immediately after irradiation.
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2.3. The basic fibroblast growth factor. Fiblast®

Genetically recombinant human bFGF (Fiblast®, Trafermin) was purchased from Kaken
Pharmaceutical Co. (Tokyo, Japan). The freeze-dried samples were dissolved in PBS at a
concentration of 1 mg/mL and dissolved in culture medium 30 min before in vivo use.

2.3.1. The bilayer dermal substitute, Pelnac®

The bilayer dermal substitute, Pelnac®, was kindly provided by Gunze (Kyoto, Japan).
This dermal substitute has two layers: the inner layer is made from pig tendon-derived
atelocollagen, which is freeze dried at —135 °C, and the outer layer is made from a silicone
polymer of 150 wm thickness [7]. The Pelnac® was soaked in DMEM containing bFGF
with or without hMSCs.

2.3.2. Surgical procedures

In an aseptic surgical room and with sterile surgical instruments, skin tissue of 3 x 3 cm?,
including the panniculus camosus, was excised from F344/NJCl-mu nude rats, and
subsequently from the artificial dermal substitute impregnated with 10 pg bFGF with or
without the hMSCs and, after anaesthetizing with a 40-mg kg~ " intra-peritoneal injection of
pentobarbital sodium, U.S.P. (Nembutal, Abbot Laboratories, North Chicago, IL, U.S.A.).
Five microliters of DMEM containing hMSCs and bFGF were added to the inner layer of
the same-sized (3% 3 cm?) Pelnac® for 30 s at room temperature. The wound was covered
with the impregnated artificial dermis and sutured using 5-0 nylon. Each animal was then
housed in its own cage to avoid damaging the dermis.

The control group (medium and bFGF) received 5 uL of DMEM. The hMSC treatment
group received 5 ulL of DMEM. The experimental treatment group received 5 pL of
DMEM containing 5 % 10° hMSCs and 10 pg of bFGF at 30 min before transplantation for
each wound defect (Fig. 1).

2.3.3. Histology
After obtaining the fixed tissues, 5-um thickness slides were stained with hematoxylin
and eosin. The staining samples were tested from each tissue.

3. Results
3.1. Treatment for local radiation injuries

All surgeries were uneventfully performed. The mean postoperative follow-up was
9 years and 3 months (1 to 14 years). The average age was 65 years (51 to 75 years). Eight
female patients received radiation therapy after mastectomy ranging from 35 Gy to 50 Gy
(mean 46.1 Gy) administered in fractions. One male patient underwent percutaneous trans-
luminal coronary angioplasty (PTCA) under fluoroscopy, which was unexpectedly
prolonged. The time to reconstructive surgery averaged 19 years and 8 months (4 to
30 years). Some patients had more than one operation, and the average number was 1.8
(1 to 4 surgeries). Rectus abdominis myocutaneous flaps were used for 4 cases and one of
which had a free vascularized flap. Latissimus dorsi myocutaneous flaps were used for
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Irradiated Skin defect modei

3x3 cm
, Incl. Panniculus Camosus

Bi-layer artificial skin substitute (Pelnac®)

hMSCs (1 x 10° cells /cm?)
bFGF 10 micrograms

Fig. 1. Schematic drawing of the human mesenchymal stem cell transplantation to a nude rat.

4 cases. One of the latissimus dorsi myocutaneous cases was reconstructed with an osteo-
musculo-cutaneous flap. Other reconstruction modalities include the trapezius muscle flap,
abdominal wall flap, deltopectoral flap, and free vascularized groin flap. One case required
three major flaps (rectus abdominis myocutaneous flap and trapezius muscle flap,
latissimus dorsi flap, and free vascularized groin flap). Five patients suffered from heart
diseases such as angina, aortic regurgitation and heart failure. Two cases experienced
PTCAs, one case suffered from an old myocardial infarction, another case suffered from
angina pectoris and developed heart failure, and one other case demonstrated of hy-
pertension as well as aortic regurgitation.

Fig. 2. A 72-year-old female, post-35 Gy irradiation in her right inner thigh. A: Prolonged fistulae in the scar;
B: Intra-reconstructive operative view; C: Fistulae continued to her inguinal ligament; D: Immediately after local
flap reconstruction: E: 2 years after reconstruction; F: Close-up view. No recurrence.
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3.1.1. Case report

A 72-year-old female underwent right thigh radical liposarcoma resection by an
orthopedic surgeon and subsequent 35 Gy therapeutic sequential radiations. Fistulae de-
veloped in 2 months after radiation therapy and odor exudates limited her quality of life.
The swollen tissues and consolidated scar tissues also evoked tender pain during walking.
She was referred to us 2 years after final radiation therapy. The scar tissue resection and
reconstruction were planned under general anesthesia. The fibrosis and fistulae continued
up to her inguinal ligaments. The local fasciocutaneous flap with Z-plasty resulted in
complete wound healing in 2 years after reconstructive surgery (Fig. 2).

3.2, Experimental investigation for acute systemic radiation injuries

All the animals were healthy after 20 Gy whole body irradiation and subsequent surgery.
At day 7, the wound seemed most dramatically healed in the experimental group; the
regenerated tissues including raw surfaces were harvested for histology. There were less
desquamations of the epidermis adjacent to the wound as well as progressed healed re-
generated tissues in experimental group (Fig. 3).

Histology of the regenerated dermis

A B
Cortrol (bFGF + artificial demmis) Experiment (hMSCs+ bFGF+ antificial dermis)

Histology of the surrounding epidemis

C D
Control (bFGF + artificial dermis} Experiment (AMSCs+ bFGF+ artificial dermis)
A

Fig. 3. Histology of the regenerated tissues (x200). A: The dermal component in control. More inflammatory
cells invaded. B: The regenerated dermis in the expetiment. More organized arrays of the dermal fibers. C: The
surrounding epidermis of control. More necrotic tissues and disarrays of the keratinocytes. D: The surrounding
epidermis and partial regenerated epidermis of the experiment. Well-developed keratinocytes.
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4. Discussion

Plastic surgery often involves reconstructive procedures in various cases .of burns,
friction trauma and post-malignant tumor resection. The local reconstruction modalities can
be selected from simple skin grafting, local flap and free vascularized flap. As the radiation
exposed tissues sometimes prolong wound healing problems due to lack of sufficient blood
supply, irreversible scarring and damage to microcirculation of the blood and lymphatic
vessels. Our series for reconstruction of local radiation injuries demonstrated remarkable
benefits in less invasive, reduced donor-site morbidities, and less frequency of surgery.

For systemic acute radiation injury, prepared medical supplies should be considered first.
In this context, the human mesenchymal stem cells (hMSCs) used in this experiment are the
realistic cell source. The hMSCs were normally freeze-dried and immediately thawed upon
necessity of use. The characteristics of this cell type are highly proliferative, cytokine-
inducible and able to differentiate into skin and soft tissue components {6]. In a 20 Gy
whole body irradiation, there were progressed dermal components in the experimental
group with more matrix deposition and less polymultinuclear cell invasions, which reflect
the inflammatory reactions. The surrounding epidermis was also superior in the quality of
the regeneration as there are less necrotic tissues and keratinocyte morphology seems more
ordered. The combined use of the hMSCs, bFGF and artificial dermis (Pelnac®) brings
about all readily available resources for systemic acute radiation injury. Our approaches for
both local and systemic radiation injuries are clinically feasible and highly recommended
for emergency situations, which are normal for devastating radiation injuries.

We propose our therapeutic options for both local and systemic radiation injuries,
especially for skin and soft tissue injuries.
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i 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.

Z 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 C]D, 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 C]JD232 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 C]JD 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.

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 CJD232 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 recognize 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. A
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. CJD-related high intensity lesions [11] were de-
tected in eight of the nine patients examined by MRL
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 MMI129, 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). CJD-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



1512

I R i e o el D L P IR PR I T R L IR R T OIS v o

Fpl B N Y Tl T P TN T L e T Y e L g g
P AN R AN T a4 o f NN Pp i DG
T3 " g dmn S Y T A s S T 0T R

T4 \.’o;‘w,"\d h-ui.‘\a '-\';‘N._—.._Ww‘/\ o~ ~op \o m_. "-..
‘ ‘. x'l \‘": \~ > .0-\-.. -\...,"

(€ """.f\ ‘.'q.‘ ‘ *"’ v'~ :‘\-"'“‘u"""' ’?‘:\";‘n. \' .' A
4 W *-."’\.z 4-..,-‘\.{\»’;\- -u,, ‘\.-M"v‘.

\.“ ~ .-0.&~ 'wh\

b3 ._,3:\.:/ ..:" 1"-'4'" '--»,..,l\,-.-’:vn}-- ":‘J.
Py ™ fnihy: ,‘\.,r'v.. LY "'/-1‘*(\' ‘,..'.V\Uf\..\..-..m i
o1 _3':-’*.-7'1" S, IR S WK SO f SO Y o
02 —‘:,NJ: ».ra‘;- ."‘-"M" ) Mﬁuﬂv’av-‘\_.:\”\;'ﬂﬁf‘
a _] 100 v

1sec

fpl ¢ .,-'-._. ;'“.',. S ._-., W .....,-.... .\o‘..--,;"._.g'-_ “}; .’.".. .._.",‘, \f’..\.-';,.
- .
s . .. H
Fp2 - . o_.--=~.'-‘_ wiralin o8 . o~ a. ..-i-" -.,-.‘. (RN . i ‘," .‘!.'.._ e _,s'..__
e A b
T .o ¢ :.-' 4 ;"'Jl;’i s-".- 'l- R ';--) N LTI SN i
- ’ - AR
™ 1 R S s
Ny LA 3
i '!' "."\"'.-J-" N T
F o N . AR l.-"' Y B
4 - v Foalts X ." ‘-.:-?. [ARCHON A ;g
aG ...:"‘.,-.'-"".-.!u \:" !'7..;" -
. l -, < RN H LI f N HER
< ’--o Yoo ,:; RPN '~.,?;-\. Y §"; !..._ -.-.,'I-{ .

P3 .. a,r..,p, WIS et s e ‘.,—'r--e--‘ Lo LA E NS e

P4 e, A e e ..., N, ” v‘..'ﬁ.J’-&..nt'«..""-.."..f‘c..I- fu-.--‘-«

01 icm et e morns o, 3 emeeomm -‘r' o ey ot anrd R lfu--
i

02 PR T o SN S S S L) ; "~ ..rv..;,., et @t .—.a\-.a"-~

| 1004V

1sec

b

Fp1
Fp2
Z]
F4
a
«“
P3
P4
1 o
02 ™
BN
T4 AP

e p

R &

3

| 100pv

1sec

d

Fig. 2 EEGof 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.
C and 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 (JD. 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. € 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
three patterns of high-intensity lesions shown by MRI in
the rapid-type. We were unable to distinguish the rapid-
type of CJD232 from sCJD based on the clinical features
including MRI findings. Patients with the slow-type did
not have fewer lesions than patients with the rapid-type
at diagnosis. High-intensity lesions in the medial thala-
mus depicted by DWI were a common finding of the
slow-type (Fig.3A-F). There was no difference in the
rate of myoclonus between the two groups, but the du-
ration until the appearance from the onset was longer in
the slow-type compared with the rapid-type (p < 0.005).
All patients became akinetic and mute in both types,but
the duration until becoming akinetic and mute from the
onset in the slow-type was longer than that in the rapid-
type (p <0.001). Concerning PSWC, all patients in the
rapid-type demonstrated PSWC 2.8 + 1.8 months after
the onset. However, in the observation period of
21.6+12.8 months, only one patient with the slow-type

demonstrated PSWC 13 months after onset, which was
later compared with that of the rapid-type (p<0.01).
The rate of PSWC in the slow-type was lower than that
in the rapid-type (p < 0.01). Since there were no differ-
ences in the polymorphisms of codons 129 and 219 be-
tween the two groups, such polymorphisms would not
be determinants of the disease subtype. Based on the
differences in the clinical and laboratory findings
(Table1), we considered that these two types repre-
sented completely different phenotypes of exactly the
same genotype.

By reviewing the investigative reports collected by
the Creutzfeldt-Jakob Disease Surveillance Committee,
Japan,as of February 2006, PRNP information was avail-
able from 511 patients: 317 were acknowledged as spo-
radic CJD, 41 as infectious CJD, 103 as genetic prion dis-
ease that included 28 CJD with V180I (CJD180), 27 GSS
with P102L, 23 CJD with E200K, and 13 CJD232, and 50
as non-CJD. Three of the 50 non-CJD patients who had



