Figure. MRI of Patient 1 (A through D) and a patient
with sporadic Creutzfeldt~Jakob disease (CJD) (E and F).
For Patient 1 (82-year-old woman), the MRI studies were
performed 4 months after the onset using 1.5 T MR unit
(Magnetom Vision; Siemens, Erlangen, Germany)
equipped with e conventional head coil. At this time, she
demonstrated only memory disturbance and could perform
her daily activities with minimal support. The wide-
ranging cortical ribbon is symmetrically depicted as a low-
intensity lesion by T1-weighted imaging (A) and as a
high-intensity lesion by T2-weighted (B), fluid-attenuated
inversion recovery (C), and diffusion-weighted (D) imaging
and has a swollen appearance. The basal ganglia are not
involved. Characteristically, the medial regions posterior
to the parieto-occipital sulcus in the occipital lobes are not
involved (arrowheads). The cerebellum was not depicted as
an abnormal-intensity lesion (data not shown). For the
patient with sporadic CJD with methionine homozygosity
at codon 129 (70-year-old man), the MRI studies were per-
formed 2 months after the onset using the same MR unit.
At this time, he was totally bedridden and did not respond
to any simple orders but opened his eyes when his name
was called loudly. He showed myoclonus and startle re-
flex. The wide-ranging cortical ribbon including the occipi-
tal lobe (arrows) and the bilateral caudate heads
(arrowheads) are depicted as a high-intensity lesion by
diffusion-weighted imaging (F), although T2-weighted im-
aging examined at the same time demonstrates a high-
intensity lesion in only the frontal lobe (arrows).
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were recognized in three of four CJD180 cases with
MM129 and three of five CJD180 cases with MV129 in the
very early phase. On the other hand, no CJD180 patients
demonstrated visual or cerebellar symptoms, which were
cardinal in sCJD. Irrespective of the polymorphism at
codon 129, no CJD180 patients demonstrated PSWC in
repeated EEG in their disease course.

In the MRI study, the wide range of the cortical ribbon
was depicted as a low-intensity area by T1l and a high-
intensity area by T2I, FLAIR, and DWI and had a swollen
appearance (figure, A through D). These cortical lesions
were remarkable compared with the severity of the clinical
symptoms. The basal ganglia lesions were less remarkable
compared with the cortical lesions. Characteristically, the
medial regions, posterior to the parieto-occipital sulcus in
the occipital lobes (see the figure, A through D, arrow-
heads), and the cerebellum were never involved in the
early stage. These cortical lesions were not always sym-
metric in the first MRI In sequential MRI performed in six
of seven patients, these cortical lesions expanded and, in
one patient,® finally included the medial occipital regions.
The swollen cortical lesions became atrophied in the ad-

vanced stage, but not as severe as compared with the brain
atrophy of sCJD.

Discussion. V180l is recognized as a causative
point mutation based on the result that V1801 was
detected only in CJD patients but not in 200 normal
Japanese persons.? The World Health Organization
also lists CJD180 as familial CJD.*

We clarified the clinical and 1aboratory character-
istics of CJD180 by comparing them with those of
sCJD. CJD180 showed 1) older onset age; 2) slower
progression of the disease; 3) unique clinical symp-
toms such as frequent higher cortical dysfunction,
which was less frequent in sCJD, no visual or cere-
bellar symptoms, which were important for sCJD,
and less remarkable myoclonic jerk compared with
the generalized one in sCJD; 4) a lower positive rate
of brain-specific proteins such as NSE and 14-3-3
protein in CSF; and 5) no PSWC in EEG throughout
the disease course. These features render it difficult
to make a premortem diagnosis of CJD180 based on
the clinical features without a PRNP analysis.

In our experience, the most useful test leading to
the genetic analysis was MRI. The abnormal lesions
in MRI of sCJD are varied,’® but those of CJD180 are
rather uniform. In accordance with the absence of
visual or cerebellar symptoms in the early stage, the
medial occipital lobes posterior to the parieto-
occipital sulcus or the cerebellum were never in-
volved until the terminal stage. A disproportionately
remarkable cortical lesion compared with the sever-
ity of the clinical symptoms and less remarkable
basal ganglia lesion must be recognized as character-
istic MRI findings. At present, we must recognize an
uncommon variant of familial CJD that might have
been misdiagnosed. Therefore, we recommend MRI
study including DWI for patients with progressive
dementia. Then, we should perform a PRNP analysis



in all patients with progressive dementia and char-
acteristic MRI abnormalities.

Parkinsonism, which was a rare symptom in sCJD,
occurred in two of five CJD180 cases with MV129 in
the very early stage. It is important to discriminate
among neurodegenerative disorders presenting demen-
tia with parkinsonism from CJD180. MRI can provide
us useful information.

CJD180 is clearly associated with a point muta-
tion of PRNP but appears as if it were a sporadic
neurodegenerative disorder. We may misdiagnose
such cases without a genetic analysis because of the
difference in the clinical features from what we usu-
ally consider the “CJD characteristic” clinical fea-
tures. Characteristic MRI findings can lead us to an
accurate premortem diagnosis.
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ABSTRACT

Creutzfeldt-Jakob disease (CJD) is characterized by rapidly progressive
dementia with a variety of neurological disorders and a fatal outcome.
The authors present a case with visual disturbance as a leading symp-
tom and rapid deterioration in global cognitive functions. The cerebro-
spinal fluid was positive for 14-3-3 protein, and diffusion-weighted mag-
netic resonance imaging (MR} showed marked hyperintensity in the
parieto-occipital cortices, where hypometabolism was clearly detected
on positron emission tomography (PET). Pattem-reversal visual evoked
potentials showed prolonged P100 latencies and increased N75/P100
amplitudes. All these findings supported a diagnosis of the Heidenhain
variant of CJD, whereas a long clinical course, a lack of myoclonus, and
an absence of periodic synchronous discharges on electroencephalog-
raphy were atypical. Diffusion-weighted MRI and PET in combination
with visual evoked potential recording and 14-3-3 protein detection may
be useful for the early diagnosis of CJD.

Key words: Creutzfeldt-Jakob disease, visual disturbance, 14-3-3
protein, diffusion-weighted MRI, PET, visual evoked potentials.
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Creutzfeldt-Jakob disease (CJD) is a rare spongiform enceph-
alopathy occurring sporadically in most cases. The diagnosis of
CJD is based on clinical symptoms, such as rapidly progressive
dementia, myoclonus, visual or cerebellar signs, pyramidal or
. extrapyramidal signs, and akinetic mutism, although the defi-
nite diagnosis of CJD requires pathological findings of the

brain.' Periodic synchronous discharges (PSDs) on electroen-
cephalography (EEG) and the detection of 14-3-3 protein in the
cerebrospinal fluid (CSF) further support clinical suspicion of
CJD."* Furthermore, magnetic resonance imaging (MRI), par-
ticularly diffusion-weighted imaging (DWI), has been shown to
be useful in diagnosing the disease.” Herein, we report a proba-
ble case of CJD in which neuroimaging techniques proved use-
ful in the early diagnosis of the disease. Progressive dementia,
visual disturbance, 14-3-3 protein in the CSF, and neuroimaging
findings supported a diagnosis of CJD, but other clinical mani-
festations were atypical, including a long clinical course, the
absence of myoclonus, and no PSDs on EEG.

Case Presentation

A 54-year-old woman noticed blurred vision and visual meta-
morphosis in August 2001, Her visual disturbance worsened,
and she gave up driving a car. At 2 months, her family noticed
that she had memory impairment and disorientation for time
and place. She often lost her way around her house. Her cogni-
tive deterioration rapidly progressed, and she felt difficulties in
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Fig 2. Pattern-reversal visual evoked potentials (VEPS). Binocular

full-field pattern-reversal VEPs revealed prolonged P100 latencies
and increased N75/P100 amplitudes. The active electrodes were
placed ontheleft (1), the median (2), and the right (3) occipital scalp.

When she was admitted to Kyoto University Hospital in
April 2002, she complained only of visual disturbance. Her
medical history included operations for appendicitis and utero-

Fig1. Magnetic resonance imaging (MRI) and positron emission
tomography (PET) axial images. There was no atrophy, signs of
cerebrovascular disease, or obvious signal abnormality on T1-
weighted or T2-weighted MRI (A, B). High signal intensity in the
parieto-occipital regions was detected on fiuid-attenuated inversion
recovery MRI (C), and the hyperintensity was most obvious on diffu-
sion-weighted MRI (D). Low giucose metabolism was observed in the
parieto-occipital regions as well as in the posterior cingulate cortex on
PET (E). For the PET study, 5 mCi of ['®F}-fluorodeoxyglucose were
administered intravenously, and scanning was performed using GE
Advance (GE Medical Systems, Milwaukee, WI). Semiquantitative
measurements were used.

calculation, reading, writing, and cooking at the beginning of

2002. She was often unable to locate the bathroom in her house
by March 2002.
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chiatric disease. She was not taking any regular medications. A
neurological examination disclosed memory impairment, dis-
orientation, anomia, alexia, agraphia, acalculia, dressing
apraxia, color agnosia, and visual metamorphosis. A cranial
nerve examination was normal. There were no pyramidal,
extrapyramidal, or cerebellar signs or involuntary movements,
including myoclonus, Her score on the Mini-Mental State
Examination was 12 of 30, and she obtained a total IQ score of
48 on the Wechsler Adult Intelligence Scale-Revised.

The results of a blood test and a CSF examination were unre-
markable except for positive 14-3-3 protein in the CSF. Lactic or
pyruvic acid was not elevated in the CSF, and paraneoplastic
markers, including anti-Hu and anti-Yo, were not detectable
either in serum or in the CSF. Notably, an MRI examination
revealed symmetric, bilateral, cortical hyperintensity in the
parieto-occipital regions (Figs 1C, 1D). DWI most strikingly
showed abnormalities in these areas (Fig 1D). There was no
mass effect, atrophy, or signs of cerebrovascular disease (Figs
1A~-1D). Moreover, positron emission tomography (PET) dem-
onstrated metabolic disturbance in the parietal, occipital, and
posterior cingulate cortices (Fig 1E). EEG showed diffuse slow-
ing without typical PSDs. Pattern-reversal visual evoked poten-
tials (VEPs) showed prolonged P100 latencies and increased
N75/P100 amplitudes (normal P100 latency < 132 milliseconds,

cervical cancer, There was tio family history of dementizor psy= -



normal N75/P100 amplitude < 10 pV*) (Fig 2). Genetic studies
on the prion protein gene (PRNP) demonstrated no known
mutations but disclosed homozygosity for methionine at the
polymorphic codon 129. A brain biopsy could not be performed
because we could not obtain permission from the patient’s
family.

At 16 months after the initial symptoms, limb and neck rigid-
ity became apparent. At 20 months, she cannot recognize even
her family members and has difficulty in oral communication
because of the progression of agnosia and aphasia.

Discussion

Visual disturbance as a leading symptom, rapidly progressive
dementia, and the detection of 14-3-3 protein in the CSF sug:
gested a diagnosis of the Heidenhain variant of CJD.*
Methionine homozygosity at codon 129 of the PRNP gene was
consistent with this subtype.”” However, this case did not fulfill
the criteria for even possible CJD until the patient exhibited pro-
nounced rigidity at 16 months after the initial symptoms.' This
was due to the lack of some common clinical manifestations of
CJD in this patient, including myoclonus, ataxia, and PSDs on
EEG. This case not only suggests a heterogeneity of clinical pre-
sentation among patients with CJD butindicates difficulty in the
early diagnosis of CJD without typical presentation. Currently
used diagnostic criteria based on clinical symptoms and EEG
findings may miss some CJD cases without typical sets of clinical
manifestations, as in this case. Therefore, it is important to use
neuroimaging and laboratory examinations for the early diag-
nosis of the disease.

Increased T2-weighted MRI signal has been described in the
basal gzmglia.,“;'8 and recently, cortical hyperintensity was shown
on diffusion-weighted MRI in some CJD cases with typical clini-
cal courses.>”'%216 Moreover, areas of signal abnormalities on
diffusion-weighted MRI were well correlated with the neuro-
pathologic findings of spongiform encephalopathy.”® In the
present case, hyperintensity in the parieto-occipital lobes was
clearly shown on diffusion-weighted MRI early in the clinical
course, indicating that diffusion-weighted MRI is useful for the
early diagnosis of CJD.

There has been a relatively limited number of reports
describing PET studies of CJD.%""® Henkel et al® analyzed PET
studies of 8 patients with CJD and found decreased glucose
metabolism in the occipital lobe, cerebellum, or basal ganglia in
addition to temporal or parietal cortical region. In the preset
case, metabolic disturbance was observed in the parietal, occipi-
tal, and posterior cingulate cortices. Although metabolic reduc-
tions in the parietal and posterior cingulate cortices are seen in
other dementing diseases,”?° the clear involvement of the
occipital lobes differed from the tgrpical pattern of disturbance
detected in Alzheimer’s disease,?’ which is the most frequent
misdiagnosis of CJD.*! It may be more difficult to distinguish
dementia with Lewy bodies (DLB) from CJD on PET, because
significant metabolic reductions in the occipital cortex can be
also seen in DLB.2%*? Diffusion-weighted MRI and 14-3-3 pro-
tein detection may be useful in the differential diagnosis of the 2
diseases.?

VEPs may also provide a diagnostic aid for the early detec-
tion of CJD. According to previous reports, P100 latencies were
increased or normal, but increased P100 amplitudes were the
most frequent finding in CJD patients, particularly during the

early stages of the disease.®***® Our case also showed increased
P100 amplitudes at the early phase of the disease, thus indicating
that VEP recording may be helpful, particularly in the early
diagnosis of CJD without typical clinical presentation.

14-3-3 protein is expressed in all eukaryotic cells and partici-
pates in the regulation of diverse biological processes, including
neuronal development, cell growth control, and cell cycling.
There are 7 isoforms, 5 of which are present in neuronal cells
and constitute nearly 1% of all soluble brain proteins.*® The
detection of 14-3-3 protein in the CSF probably reflects severe
neuronal destruction.”? 14-3-3 protein in the CSF has been
shown to be a useful biochemical marker for CJD,%* and Zerr
etal* demonstrated that the specificity was even higher than that
of PSDs on EEG. In the recent revised version of the French and
European study criteria, positive 14-3-3 protein detection is con-
sidered as a criterion equivalent to a typical EEG.! According to
the revised version, our patient was classified as probable CJD.

CJD may be a more heterogeneous group of disorders than
has been recognized, and neuroimaging techniques, including
diffusion-weighted MRI and PET, in combination with VEPs
and 14-3-3 protein detection may be useful for the early diagno-
sis of CJD.
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Prion diseases : disease diversity and therapeutics

Katsumi Doh-ura, M.D.
Department of Prion Research, Tohoku University Graduate School of Medicine

More than one hundred victims of iatrogenic CJD with cadaveric dura mater grafting have been recognized
in Japan, and the people have been also exposed to a risk of outbreaks of variant CJD. These diseases are distinct
from other forms of prion diseases as well as other neuropsychiatric disorders, but on an early clinical stage, their
differential diagnoses from other atypical forms of prion diseases are not necessarily easy. Thus, atypical forms of
prion diseases were overviewed and discussed here. In addition, data on recent clinical trials of enteral anti-
.malarial drug (quinacrine or quinine) treatment or intracerebroventricular pentosan polysulfate treatment were
presented and discussed, because research progress in the therapeutics for prion diseases has been remarkably
made on the basis of the prevalence of those acquired forms of prion diseases.

(Clin Neurol, 44 : 855—856, 2004)
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Abstract

Several chemicals inhibit the accumulation of abnormal
prion proteins in vitro. We administered one, the anti-
malarial agent quinacrine, to three patients with sporadic
Creutzfeldi-Jakob disease (CJD) and to one with iatro-
genic CJD. Quinacrine at 300 mg/day was given enterally
for 3 months. Within 2 weeks of administration, the
arousal level of the patient with akinetic mutism im-
proved. The other 3 patients, insensible before treat-
ment, had integrative responses such as eye contact or
voluntary movement in response to verbal and/or visual
stimuli restored. Clinical improvement was transient,
lasting 1-2 months during treatment. Quinacrine was
well tolerated, except for liver dysfunction and yellowish
pigmentation. Although its antiprion activity in the hu-
man brain has yet to be proved, these modest effects of
quinacrine suggest the possibility of using chemical

intervention against prion diseases.
Copyright © 2004 S. Karger AG, Basel

Introduction

Creutzfeldt-Jakob disease (CJID), a prion-mediated
disease in humans, is invariably fatal. Accumulation of
the abnormal protease-resistant prion protein (PrPsSc),
formed posttranslationally from the normal endogenous
protease-sensitive isoform (PrP¢), is a central event in
CJD pathogenesis [1]. Recent outbreaks of a new variant
of CID in young people [2], and of iatrogenic CID after
cadaveric dura grafting [3], require that treatment be
immediately available for dying humans. The antimalar-
ial agent quinacrine has long been used to treat patients
with malaria and giardiasis. Two recent reports found
that quinacrine inhibits and eradicates PrPS¢ in scrapie-
infected neuroblastoma cells [4, 5]. Korth et al. [5] found
that of the acridine and phenothiazine derivatives they
tested, quinacrine and chlorpromazine inhibited PrPSe
accumulation, and they noted the importance of the ali-
phatic side chain on the middle ring moiety of tricyclic
compounds. Quinacrine was 10 times more potent than
chlorpromazine, its effective concentration for half-maxi-
mal inhibition (ECsg) of PrPS¢ formation being 300 nM
[5] (400 nM in the report of Doh-Ura et al. [4]). After
chronic oral administration of quinacrine to humans, its
serum concentration exceeded 450 nM for a total dose of
4.5 g given over 6 days [6]. Quinacrine is also deposited in
the brain [7], and the tissue to plasma concentration ratio
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Table 1. Clinical findings before and after quinacrine treatment

Patient No./  Duration

Before quinacrine administration Feeding After quinacrine administration Duration
Zif;d}:/i]r)si of illness cognitive state motility cognitive state motility of changes
1/46/M/ Il months  akinetic mutism; eves open to NG tube fixation of eyes gaze oriented to from the 2nd to
sCJID roving eye movement; noxious stimuli; the direction of a Sth week

cortical blindness reflex myoclonus voice; decreased

reflex myoclonus

2/58/M/ 2 months alert; eye tracking for ~ withdrawal and NG tube smiles at family decreased action from the 6th day
sCID the object; startle purposeless members; eye tracking myoclonus to the 6th week

response to visual, movement; and startle response

auditory and tactile action myoclonus; to an object presented

stimuli; ignorance of  paraplegia in in the right visual field

object presented in flexion

the right visual field
3/61/F/ 2 months alert; fearful, startle withdrawal fed orally, increased eye contact  voluntary left arm from the 8th day
sCID response; response to movement; orNGtube  with the examiner; movement and to the 3rd week

visual and auditory laughter at visual and  side-to-side head

stimuli; right hemi- auditory stimuli movement

anopsia
4/58/F/ 6 years alert; grimacing and palilalia; stereo- fed orally apparent eye contact  abletositupona from the 2nd to
possibly moaning to noxious typed limbs with people; laughter  reclining chair 8th week
iatrogenic CJD stimuli; listless to and orolingual at visual and auditory

visual and auditory movement; stimuli; appropriate

stimuli impossible to sit
or stand up even

with assistance

‘yes or no’ to questions

Dx = Diagnosis; NG = nasogastric.

1s very high [8]. Its pharmacokinetics suggests that a con-
centration of quinacrine can be obtained in the human
brain sufficient to inhibit abnormal prion accumulation,
as shown in an in vitro experiment [4, 5].

Patients and Methods

Patients

Three patients with clinically probable sporadic CID (sCJD;
patients 1-3) and one with possible iatrogenic CJD which may have
been transmitted by dura mater grafts (patient 4) were studied. Their
ages, sex, duration of illness and status at the start of the study are
given in table 1. These patients were admitted to Fukuoka University
Hospital between October 2001 and February 2002. The three sCID
patients fulfilled the Masters’, French and European criteria for
probable CJD [9] and showed progressive dementia, myoclonus,
visual or cerebellar signs, extrapyramidal signs, typical periodic
sharp and slow wave complexes (PSWCs) on EEGs, and positive
detection of CSF 14-3-3 proteins.

Patient 4 had undergone removal of a right cerebellopontine
angle tumor and had had dura mater grafts in July 1991. She received
a single brand of dura mater graft, LYODURA®, processed by B.
Braun Melsungen AG before 1987, which brand was found to be
responsible for a Japanese outbreak of iatrogenic CID [3]. She devel-
oped progressive dementia in January 1996, became listless within 2

Quinacrine for Creutzfeldt-Jakob Disease

years, and was bedridden within 4 years of onset. Stereotyped repeti-
tive limb movement (palikinesia) and a few patterns of simple sound
repetition (palilalia) characterized her status. She moaned emotion-
ally on manipulation of her limbs and had dysphasia, but swallowing
was possible when fed. She had extrapyramidal rigidity and exagger-
ated tendon reflexes, but no ataxia, myoclonus, PSWCs or CSF 14-
3-3 proteins. MRI showed diffuse cerebral atrophy. Nondegenerative
dementias caused by anoxic brain damage or normal pressure hydro-
cephalus, and dementias of infectious, neoplastic, metabolic, nutri-
tional or endocrine origin were excluded.

Methods

The four patients were administered 300 mg/day quinacrine
enterally for 3 months. The study had been approved by our institu-
tion’s ethics committee, and the patients’ relatives had consented to
the procedure. Quinacrine was given as 100 mg of powder in capsule
form. It was administered orally 3 times a day after each meal, or
through a nasogastric tube after being dissolved in water at 37°C.
The patients’ behavior and neurological examinations were video-
taped every 2 weeks. Routine hematological and blood chemistry
studies were done weekly, and EEGs were obtained every 2 weeks.
Brain MRI that included diffusion-weighted (DW) images was done
in the 4th and 12th weeks after treatment began. Quinacrine was
withdrawn if major side effects such as convulsion, bone marrow
suppression (white blood cell count <2,000/ul) or significant liver
dysfunction (>3 times the normal upper limits for aspartate amino-
transferase or alanine aminotransferase) occurred. In addition, if the
patient’s condition was complicated by infection, metabolic irregu-
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larities or gastrointestinal problems, quinacrine was withdrawn and
readministered only when the condition had returned to normal. No
other medicines were given during the period of quinacrine adminis-
tration. The plasma concentration of quinacrine in the patients’
blood samples was measured by high-performance liquid chromatog-
raphy.

Results

Quinacrine was well tolerated by all the patients. Yel-
lowish skin pigmentation invariably appeared 10-~14 days
after treatment began. Transaminase values were elevated
in 3 of the 4 patients, but never reached 5 times the nor-
mal upper limits. Patients 1 and 2 had quinacrine with-
drawn temporarily because of aspiration pneumonia, uri-
nary tract infection or diarrhea, but both finally com-
pleted the 3-month treatment course.

Clinical Course

A change in cognitive state appeared during the first 2
weeks of treatment (table 1). Patient 1’s unfocused, occa-
sionally roving eyes (fig. 1a) became fixed (fig. 1b) and
sometimes were oriented to the side of auditory stimuli
(fig. 1c). When stimulated, patients 2 and 3 showed miti-
gation of irritable mood and the return of smiles or laugh-
ter. Patient 3, who had been apathetic (fig. 1d), made
apparent eye contact with people (fig. 1e), turned her head
from side to side in response to the examiner’s position,
and had purposeful, voluntary movement of the left arm
(fig. 1f). Patient 4 also made eye contact with people and
nonpathological laughter in response to stimuli was re-
stored. She also nodded or shook her head, apparently
indicating ‘yes’ or ‘no’, in response to simple verbal ques-
tions such as those about pain or thirst.

These changes in mood or cognitive function were
invariably transient, lasting 2-8 weeks during the period
of quinacrine administration, after which cognitive func-
tion gradually decreased to baseline levels. Due to the
associated conditions described previously, quinacrine
was temporarily withdrawn from patient 1 in the 5th and
patient 2 in the 6th week. Both patients’ conditions deteri-
orated to akinetic mutism that remained even after quina-
crine was restarted. After 3-8 weeks of treatment, cogni-
tive function in patients 3 and 4 had regressed with no
predisposing factors.

EEG and MRI Findings

Patient 2 showed changes in both EEG and MRI find-
ings, which may be associated with the clinical changes
that occurred. Typical PSWCs in the severely suppressed

160 Dement Geriatr Cogn Disord 2004;17:158-163

Fig. 1. Patients’ appearances before (left) and after (right) quinacrine
treatment. a-c¢ Patient 1 had an apathetic appearance and unfo-
cused, roving eye movements before treatment (a). After treatment,
there was eye fixation (b) and gaze oriented to auditory stimulus (¢).
d-f Patient 3 was listless and apathetic before treatment (d). After
treatment, she had a well-oriented facial expression (e) and purpose-
ful limb movement ().

background before treatment (fig. 2a) had become irregu-
lar slow activities with less periodicity and no suppression
by day 16 of treatment (fig. 2b). Before treatment, DW-
MRI detected high signals bilaterally in the corpus stria-
tum and insular and cingulate gyri, as well as in the tem-
poral and parietal lobes. The signal intensities in the tem-
poral and parietal lobe lesions were higher on the left than
the right (fig. 3a), at which time the patient did not
respond to visual stimuli presented in the right visual
field, but did respond to stimuli in the left visual field.
Startle responses to threatening stimuli in the right visual
field, which appeared on day 19 of treatment, lasted 2
weeks. DW-MRI on day 23 showed decreased high signal
intensities in the left temporal and parietal lobes, whereas
intensity remained high in the other regions (fig. 3b).
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Fig. 3. DW-MRI of patient 2. The right side of each image corre-
sponds to the left side of the brain. High signal intensities were
present in the corpus striatum and insular and cingulate gyri on both
sides, and in the parietal and temporal lobes before (a) and after (b)
quinacrine treatment. In b, the high signal in the left temporoparietal
lobes (arrow) is attenuated, whereas signals in the other regions
remain unchanged.
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Fig. 2. Electroencephalograms for patient 2 before (a) and after (b)
quinacrine treatment. PSWCs with totally suppressed background
activities (a) were replaced by fewer periodic patterns and restored
background activities after treatment (b).

Before treatment, patient 3 had high DW-MRI signals
in the corpus striatum, cingulate gyrus and left parietal
and temporal cortices. These had not changed by the 4th
week of treatment, but they disappeared during the 12th
week. The other two patients showed diffuse cerebral
atrophy without high signals on DW-MRI, which findings
did not change after treatment. On the EEGs, patient 1
had PSWCs in the suppressed background before treat-

Quinacrine for Creutzfeldt-Jakob Disease

Fig. 4. Plasma concentrations of quinacrine during and after its
administration. The concentration increased with the number of
days of treatment. Quinacrine was still detectable in the plasma after
drug discontinuation on day 84, indicating that it had accumulated
in tissues.

ment. These disappeared and were replaced by diffuse
slow activities of 3—7 Hz during the 2nd week of treat-
ment, but they returned during the 4th week and disap-
peared thereafter. Patient 3 had PSWCs superimposed on
slow background activities, and patient 4 showed diffuse
slowing with occasional alpha activities. These features
remained unchanged after treatment.

Dement Geriatr Cogn Disord 2004;17:158-163 161



Plasma Concentration of Quinacrine

The plasma concentration of quinacrine increased
with the length of administration (fig. 4). It reached
300 nM within 14 days and was as high as 2,500 nM near
the end of the treatment period. Moreover, quinacrine
was detectable in the patients’ plasma 6 weeks after its
discontinuation.

Discussion

In their search for potent agents to treat prion diseases,
Doh-ura et al. [4] reported inhibition of PrPS¢ accumula-
tion in scrapie-infected neuroblastoma cells by lysosomo-
tropic agents, including quinacrine and cysteine protease
inhibitors. These agents may interfere with the conver-
sion of PrP¢ to PrPS¢ at the plasma membrane or along an
endocytotic pathway to the lysosomes. Recently, Collins
etal. [10] reported that quinacrine did not prolong surviv-
al in a murine CJD model. Results of animal experiments,
however, depend on the animal species and prion strain.
Subcutaneous quinacrine administration prolonged the
survival of transgenic mice inoculated with 263K scrapie
agents into the brain [Doh-ura, pers. commun.].

We studied four patients, of whom three had clinically
probable sCJD and one possibly iatrogenic CJD. All four
had improved arousal levels after quinacrine treatment.
Other changes in global brain function included decreased
frequencies of reflex or action myoclonus (patients 1 and
2) and startle response (patients 2 and 3), and mitigation
of the hyperkinetic state (patient 4). Focal brain functions
restored were nonpathological laughter (patients 2-4),
visual field {patient 2) and voluntary movement (patient
3). These changes might have been due to factors other
than quinacrine, e.g. encouragement of contact by family
members or caregivers, but this could be excluded for two
reasons. Firstly, in Japan, intensive care is customarily
given to severely disabled patients who have definitely
poor prognoses. As in the case of patient 1, tube feeding is
usually initiated and continued for irreversibly disabled
patients because family members will not accept the ces-
sation of feeding. The contact provided by family mem-
bers and caregivers did not change after quinacrine treat-
ment was begun in the present study. Secondly, the
changes seen after treatment were transient, lasting 2-8
weeks. Thereafter, the patients’ conditions regressed,
even during quinacrine administration.

Of the three patients with clinically probable sCJD,
transient improvement occurred not only in patients 2
and 3, who were in the early stage, but also in patient 1,
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who was in the terminal, akinetic mutism stage. This last
patient had an improved arousal level associated with
directed fixation of the eyes (fig. 1a—c) attributable to the
function of the brainstem reticular formation, a structure
relatively preserved in the classic, Heidenhain variant of
sCJD [11]. The most marked change, seen in patient 2,
was the restored response to objects presented in the right
visual field. This change was accompanied by decreased
DW-MRI signal intensities in the left temporal and pari-
etal lobes. DW-MRI is a new technique that noninvasive-
ly images molecular water proton diffusion processes that
occur on a micrometer scale [12]. Mittal et al. [13]
reported that in CJD, the high-intensity signal areas seen
in DW-MRI are correlated with a high degree of spongi-
form change. They speculated that these changes are the
result of the microvacuolation of neuritic processes, her-
alding spongiform degeneration. Of our four patients, the
two who were in the early stage of illness had high signals
on DW-MRI that lasted for 2-3 months but which had
disappeared 5 months into the illness. Although the exact
mechanism is unknown, the immature attenuation of the
high signals in the temporal and parietal lobes, which was
correlated with clinical changes in patient 2, suggests that
the high DW-MRI signals in CJD may represent revers-
ible changes. Decreases in the action myoclonus and star-
tle response in patient 2 were accompanied by decreased
PSWCs and increased EEG background activity. These
EEG findings suggest that mitigation of the irritable state,
which produced a calm appearance, was due to improved
cortical function and not to deterioration.

Cognitive function was restored temporarily in patient
4, who had an unusually prolonged course. She may have
received contaminated cadaveric dura mater before on-
set, and her incubation period of 66 months compares
with the incubation periods of other Japanese patients
(mean incubation period 89 * 44 months, range 16-193
months) during the CJD outbreak [3]. She had rapidly
progressive dementia during the first 2 years of her total,
prolonged 6-year course. Some Japanese patients with
dura mater-associated CJD may have a clinically variant,
longer duration of illness, characterized pathologically by
florid-type plaques [14]. The diagnosis in that patient’s
case has had to be postponed, but quinacrine treatment
appears to be beneficial for patients with rapidly progres-
sive dementia and prolonged survival.

Whether the changes found are due to the antiprion
effect of quinacrine, as reported in in vitro experiments, 1S
unknown. Therapeutic doses of quinacrine are known to
cause psychomotor hyperactivity. The incidence of quina-
crine psychosis is reported to be 0.9-4 per 1,000 persons
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[15]. Engel et al. [16] administered 2.1-2.8 g of quinacrine
to 5 healthy individuals over a 10-day period, doses suffi-
cient to obtain plasma levels exceeding 250 nM. Their
subjects had various degrees of psychomotor hyperactivi-
ty and increases in EEG frequencies. The EEG changes
occurred at plasma quinacrine levels of 75-100 nM and
continued for up to 8 days after discontinuation of the
drug. The increased arousal levels in our patients, there-
fore, may be attributable to the cortical stimulation action
of quinacrine, but the mechanism of its direct effect on
the central nervous system has yet to be determined.

The plasma concentrations of quinacrine in our pa-
tients suggest that a therapeutic dose of 300 mg/day qui-
nacrine may reach the ECso of PrPSc formation, i.e. 300-
400 nM, in brain tissues. Quinacrine accumulates pro-
gressively in tissues when administered chronically [7].
The lowest concentrations are in the brain, heart and skel-
etal muscle [7], but tissue to plasma concentration ratios
may be very high, as in dog skeletal muscle [8]. The clini-
cal changes in our patients occurred from the 2nd to 8th

week of administration, and the plasma concentrations
ranged from 300 to 1,000 nAd. Those concentrations
would be sufficient for the drug’s accumulation in brain
tissues as well as for its action either as a direct cortical
stimulant or through its antiprion activity. Cognitive state
regression during quinacrine treatment may be due to its
toxicity on the brain [6]. We believe that the quinacrine
dose should be decreased after the initial loading dose and
the plasma concentration of the drug monitored. Al-
though its effectiveness is limited in terms of extent and
duration, our findings support undertaking a clinical trial
of quinacrine and the search for other chemicals that pre-
vent the accumulation of, or conformational changes in,
prion proteins.
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Sporadic Creutzieldt-Jakob disease with MM1l-type
prion protein and plaques

To the Editor: Ishida et al.! report a case of sporadic Creutzfeldt-
Jakob disease (sCJD) characterized by homozygosity for methio-
nine at codon 129 of the prion protein gene (PRNP) and type 1
PrPres associated with focal plaque-like deposits in the brain.
They report that these deposits were'mainly in the cerebellar
cortex, while the cerebral coriex showed mostly diffuse, synaptic
type PrP immunoreactivity. The immunchblet analysis was per-
formed only on homogenates from the frontal cortex.

We previously found the co-occurrence of focal and synaptic PrP
immunoreactivity in the same subject, both in different brain regions
and within the same region® In each, we demonstrated the presence
of both type 1 and type 2 PrPres in the brain, with a strict relation
between PrPres type and pattern of PrP immunoreactivity. In partic-
ular, the synaptic pattern was associated with type 1 PrPres, while
the focal (plaque-like perivacuolar, and perineuronal) deposits were
linked to type 2 PrPres. Most of these cases were homozygous for
methionine at codon 129 of PRNP. Sample selection for immunoblot
analysis was based on the microdissection of discreet areas of cere-
bral cortex, subcortical gray structures, and cerebellum from frozen
brain slices adjacent to the paraffin-embedded section. In this sec-
Hon, immunohistochemistry revealed either diffuse or focal PrP de-
posits or both. Irnmunoblot analysis should be extended to other
brain regions, particularly to the cerebellar cortex, where focal PrP
iramunoreactivity was prevalent.

Gianfranco Puoti, MD, Lucia Limido, PhD,
Roberto Cotrufo, MD, Giuseppe Di Fede, MD,
Fabrizio Taghiavini, MD, Naples, Ttaly

Reply from the Authors: Dr. Puoti et al.? raise the possibility of
co-occurrence of type 1 and type 2 protease-resistant prion protein
(PrP%*) in the brain of our patient with CJD, However, the report
of the distribution of synaptic (granular) and plaque-like prion
protein (PrP) deposits in our patient was clear. We found net only
the PrP granular deposits of the synaptic type but also plaque-
type PrP deposits in the cerebral cortex.! In their study, Dr. Pooti
et al. concluded that the synaptic PrP deposits were associated
with type 1 PrP®® and that the plaque-like PrP deposits and a
perivacuolar PrP immunoreactivity were related to type 2 PrP in
the patients with a homozygosity for methionine at codon 1292
According to their results, our patient should reveal co-occurrence of
type 1 and type 2 PrP™ in the frontal cortex yet only type 1 PrPs

was demonstrated. Dr. Puoti et al. reported two patients (Patients 3
and 4) of MM homozygote with focal perivacuolar and plague-like
PrP depesits and found the coexistence of both type 1 and type 2
PrP* in these patients. However, the plaquelike deposits detected
in our patient were unicentric plaque type as shown in our report!
and appear morphologically different from those in Patient 4 shown
in their study? Our patient had different molecular and neurcpatho-
logic features of PrP than those reported by Dr. Puoti et al.
Recently, we reported that a C-terminal PrP fragment of 11-12
kDa (fPrP11-12) is related to subtypes of dural grafi-associated

. GJD (dCJID) and other prion diseases.® There are two subtypes of

dCJIJD—ACID with plaque-type PrP deposits (p-dCJD) and dCJD
without PrP plaques (np-dCJD), and both the subtypes bave type
1 PrP8ec.? Interestingly, all of the p-dCJID cases show no PrP11~

. 12, while the np-dCJD cases reveal fPrP11-12.¢ Our patient

showed absence of fPrP11~-12 as found in p-dCJID cases (data not
shown). In addition, our patient and p-dCJD patients shared coro-
mon neuropathologic features as described in our report.!

Taken together, we consider that a prion strain in our patient
may be similar $o that in p-dCJD rather than that in the sporadic
CJD patients of MM homozygote with co-occurrenee of type 1 and
type 2 Pro™e. ‘

Chiho Ishida, MD, PhD, Tetsuyuki Kitamoto, MD, FhD,
Masahito Yamada, MD, PhD, Kanazawa, Japan

Copyright © 2004 by AAN Enterprises, Inc.
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Toxicity of Guinacrine Can Be Reduced By
(o-Administration of P-Glyeoprotein Inhibitor
in Sporadic Creutzfeldt-Jakob Disease

Katsaya Satoh,' Susumu Shirabe,* Katsumi Eguehi,' Atsushi Yamauchi,?
Yasufunt Kataoka,® Masami Miwa,” Mortyaki Nishida,® and Shigerz Katamine®
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SUMMARY

_ 1. Recent publication has suggested thar quinacrive may be & candidate for treatment
of Crentzfeldt-Jakob dissase (CIT). But serious toxicity of quinactine to Hver and hemaio-
lngicax system has been reported.

. We disciosed the permeability of qum&me can be enbenced by presence of
vg]vcopro?can inhibitor at blocd-brain barrier in vitre. Therefors, we tried ths protocol of
combination of quinacring and p-glycoprotein inhibitor, verapamil for patiants with CID.
3. When compared clinical effects by quinactine and the combination therapy, im-
provement of clinival findings wat observed at the sares level without any adverse effects.
Low-dose quinacrine with verepamil can be used as safe weatment of CTD.

KEEY WORDS: quinacrine; sporadic Cremtzfeldi-Jakob dissase; p-glycoprotsin inhibitor.

INTRODUCTION

Although there are number of promising agents to control prien preigin in
vitro or in vivo, no sufficlently safe agent has vet been discovered for patients with
Oizuleleldt-Taholy disease (CID) (Dek-ura er al, 2000).

Quinacrine, originally used as an apti-malaria agent, was reported as a pos-
sible agent useful for treatment of CTD (Korth et al., 2001). Recent report found
that quinacine might present serigus toxicity to the liver and hematological system
(Scoazec et al., 2003).
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Quinacrine inhibited the accumulation of FrP** in cultured infected calls, but
did not have an apparent effact on PrP° biosynthesis or turnover.
To develop some methed of sum)ressu)n of the adverse effecis of guinacrine, we
investigated the mechanism of quingcrine transpert across the blood-brain barrisr
(BBB}, and found that the permeability of guinscrine could be enbanced at the
BBE by the presence of a p-giveoprotein inhibitor such as verapamil or ¢yclosporing
xDohgu al, , 20033,

Tharefore we administrated a therapy regimen of combination of 200 mg/day
of quinacrine and 120 mg/day of oral verapamil and compared it to one of 300-
600 mg/day of quinacring oniy.

We administrated quinacrine without verapaniil for one patient, 64-year-old fe-
male who developed dementia and gait disturt bance within two months. She was given
300 mg/day for the first two weeks, then the quansity was increased o 600 mg/dav
without p-glycoprotein mb;-mtoz. Freq_uzncy of myoclonus, gaze, and smie were
margedly improved. We stopped guinacrine adeministration due to liver dysfunc-
tion after four weeks. Two other sporadic CID cases were treated by combination of
quinacrine (200 mg/day) and verapamil (120 mg/day). The first case treated with
combination therapy was a 71l-year-old z:nale, who had developed unstable gair,
disorientation, and myoclonus. After two wesks administration of quinacrine and va-
rapamil, frequency of myocionus was dramatically decreased. Before starting medi-
cation, his eyes had rolled eimlessly. He began to gaze at }’Lis family and bis doctor after
the combination of quinacrine and verapamil. However, his symptoms returned to the
non-medicated state after eight weeks, although he has been receiving medication.

The second case treated with combination therapy was a 63-year-vid male. Te
was bedridden as a result of cerebellar ataxia apd progressive dementia. Action
myoclonus was observed. We started combination treatment of quinacrine and ve-
rapamil on him. After two weeks, his eye movement and myoclonus had 1mpmved
markedly though the improvement was temporzl. These three patients were diag-

nesed as possibie CID by based on clinical criteria of World Health Organization,
diffusion-weighted MR, and 14-3-3 protein in cerebrospinal fluid {(CSF).

To derermine whether quinacrine could be sufficiently transported.to the brain,
we measured the concentration of quinacring in CSF at 4 weeks after administration
of case in 2 and case 3 {Table I). Concentrations of quinacrine in CSF wers mea-
sured by high-performance liquid chromatography method as described previously

Bmx?{man and Elisson, 1987). The concentration of quinacrine in CSF, supposa-,u 1

Toble I Tifects and Adverse Bifects of Quinacrins in Patients with CTD

Cligical effects

Congcerriztion Frequency Improvemenr
of quinacrine  AST Hematological Skin color of of gaze
Case Co-adminisration in C3F level* dysfuncticn  chenge rmyoclonus and smile
1 Nene : ND 158 — + Decreased +
2 Verapamil 392 oM 24 —_ +  Decreased +
3 Verapagul . 2260M 53 - +  Decreased. -

Note Plus oY"‘IbDl shows thet each padent has the indicated findings.
TALT peak data ynder quinacrine adminisitation.
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be approximately equal to the concentration of quinacrine i experimental treatment
in viire approz. 200400 o (Korth er al, 2001).

When the clinical effects on the first patient wers comparsd with the other two
patients {combination of 200 my/day of guinacrine and 120 mg/day of verapamil),
improvement of the clinical findings in patients receiving a combination of low dose
quinacrine and verapamil was observed to be approzimately equal 1o the level m-
provement seen in the patient receiving quinacrine only. In two patients treated
with the combination of low-dose quinacrine and verapamil, no liver dyefunction
and hematologica! toxicity was observed. Although French MNational Surveillance
Network of Prion Diseases recommended to use quinacrine 1000 mg the first day,
then 300 mg each day, we conclude thar low-dose quinacrine can be used as a safe
and effective treatment of CJD when given in combination with a p-glycoprotein
inhibitor such as verapamil,
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Tacrolimus-Induced Neurotoxicity and Nephrotoxicity Is
Ameliorated by Administration in the Dark Phase in Rats
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SUMMARY

1. Tacrolimus, a potent immunosuppressant, induces impaired renal function and neu-
rological complications. We investigated the influence of dosing time on the neurotoxicity,
nephrotoxicity, and immunosuppressive effect of tacrolimus in rats.

2. The repeated injection of tacrolimus in the light phase (8:00) produced a significantly
greater increase than that in the dark phase (20:00) in the duration of harmine-induced
tremors and in the blood ureanitrogen (BUN) concentration in rats. An immunosuppressive
effect of tacrolimus on the xenotransplantation of mouse-to-rat skin grafts was apparent in
the dark phase but not in the light phase.

3. The dosing time-dependent pharmacokinetic results were not observed when
tacrolimus concentrations in rat whole blood were measured after a single or repeated
injection in the light or dark phase.

4. These findings suggest that treatment in the active phase of the diurnal cycle ame-
liorates neurotoxicity and nephrotoxicity while maintaining the immunosuppressive effect
of tacrolimus. The present findings have important implications for therapeutic approaches
to avoid tacrolimus-induced neurotoxicity and nephrotoxicity.

KEY WORDS: tacrolimus; neurotoxicity; nephrotoxicity; circadian rhythm; rats.

INTRODUCTION

Tacrolimus 1s a potent immunosuppressant that blocks calcineurin-mediated T cell
activation by binding to immunophilin (FKBP12). This compound is used to prevent
allograft rejection in solid organ transplantation and in fatal graft-versus-host diseses
after bone marrow transplantation. Multicenter, randomized trials in the USA and
Europe demonstrated that tacrolimus induced impaired renal function and neuro-
logical complications with a relatively high frequency (20-40%) (European FK506
Multicentre Liver Study Group, 1994; The U.S. Multicenter FK506 Liver Study
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Group, 1994). Neurotoxicity including tremors, convulsions, and encephalopathy
occurred frequently in patients with high blood concentrations of tacrolimus, al-
though these concentrations were within the therapeutic range. The efficacy or tox-
icity of drugs such as anticancer drugs has been shown to depend on the dosing
time (Levi et al, 1997; Ohdo et al., 2001). Various physiological rhythms in living
organisms are considered to be responsible for such chronopharmacological reac-
tions to drugs. Chronotherapy including an optimization of the dosing time is capable
of producing more efficient and safer prescriptions for patients than conventional
therapy.

The mechanisms of neurotoxicity and nephrotoxicity of tacrolimus are not fully
understood. On the basis of our findings plus several reports concerning cyclosporine,
an immunosuppressive agents, we present the notion that the immunophilin lig-
ands exert neurotoxicity because of an inhibition of y-aminobutyric acid neuro-
transmission and an activation of serotonergic neural activity and nitric oxide pro-
duction (Fujisaki ez al., 2002; Tkesue et al., 2000; Shuto et al., 1998, 1999; Snyder
et al., 1998; Steiner et al., 1996; Tominaga et al., 2001; ). Several bioactive substances
including renine, endothelins, transforming growth factor-g8, and nitric oxide are
involved in the nephrotoxicity induced by cyclosporin and tacrolimus (Bobadilla
et al., 1998; Isram et al., 2001; Kupferman et al., 1994; Lanese et al., 1994; Lanese
and Conger, 1993). The physiological activities of these various substances in the
brain or kidney are known to indicate circadian rhythms (Brandenberger et al., 1994;
Cardinali ef al., 1998; Hutson et al., 1984; Hwang et al., 1998). It is, therefore, likely
that the incidence of adverse reactions to tacrolimus shows dosing time-dependent
variations.

In the present study, we investigated the influence of subchronic treatment with
tacrolimus in the light or dark phase of a day for 1-2 weeks on the occurrence of
harmine-induced tremors and renal dysfunction in rats. The dosing time-dependent
immunosuppressive effect of tacrolimus was also examined using a mouse-to-rat
xenotransplantation model. To test whether pharmacokinetic factors are involved
in the chronopharmacological action of tacrolimus, the amounts of tacrolimus in rat
whole blood were assessed at various periods after a single or subchronic injection
in the light or dark phase.

MATERIALS AND METHODS

Animals

Male Wistar rats (7 weeks old) were purchased from Kyudo (Saga, Japan). The
animals were maintained on a 12 h light/dark schedule (lights on 7:00 A.M.) at a
temperature of 23 + 2°C with free access to food and water. They were adapted to
the light/dark cycle for 2 weeks before the experiments. All the procedures involving
experimental animals adhered to the law (No. 105) and notification (No. 6) of the
Japanese Government, and were approved by the Laboratory Animal Care and Use
Committee of Fukuoka University.





