Table 2 Sensitivity and specificity of cardiac '**I-MIBG scintigraphy in differentiating Parkinson’s disease from other parkinsonian syndromes

Total PD patients (n=24)

Early image
Cut-off 1.80 1.85 1.90 1.95 2.00
Sensitivity 70.8% 75.0% 75.0% 79.2% 79.2%
Specificity 93.3%  93.3% 93.3% 93.3% 86.7%
Hoehn and Yahr 1 and 2 (n=15)

Early image
Cut-off 1.80 1.85 1.90 1.95 2.00
Sensitivity 53.8% 61.5% 61.5% 69.2% 69.2%

79.2%
80.0%

69.2%

Delayed image

2.05 1.60 1.65 1.70 1.75 1.80 1.85
70.8%  75.0%  792%  792%  792%  87.5%
93.3% 80.0% 73.3% 73.3% 733%  73.3%
Delayed image

2.05 1.60 1.65 1.70 1.75 1.80 1.85
53.8% 61.5% 69.2% 69.2% 69.2% 84.6%

Cut-off levels, for which both the sensitivity and specificity were more than 70%, are shown. The optimal cut-off levels determined by receiver-
operating characteristic analysis were at 1.95 and 1.60 in the early and delayed images, respectively

dopaminergic function assessed by ''C-CFT uptake and
disease stage determined according to the HY scale.

It has been reported that cardiac '*I-MIBG uptake in
patients with PD is significantly lower than that in patients
with other parkinsonian syndromes [1-7]; this result
corresponds to our results, Several reports suggest that the
severity of motor impairment and disease duration are
correlated with reduced '**I-MIBG uptake in patients with
PD [1, 2, 5, 6]; however, some other findings deny such
correlations, -similar to ours [3, 4, 7, 8]. This discrepancy is
presumably explained by the fact that the degree of cardiac
1231 MIBG uptake in patients in HY 1 and 2 of PD varies
greatly among different studies. Difficult definitive diagno-
sis of PD in early and mild cases may also be because of
the great variation. On the other hand, almost all patients in
the advanced stage of PD have shown very low '>’I-MIBG
uptake in both the previous and the present studies. Li et al.
reported that cardiac sympathetic denervation progresses
over time and that the rate of decrease in the number of
sympathetic terminals appears to be at least as high as that
of nigrostriatal dopaminergic terminals [35]. Therefore, we
considered that although the onset of cardiac sympathetic

denervation varied among the patients with PD, severe
cardiac sympathetic denervation occurred in all of the
patients by the terminal stage of PD. In regard to the
association with a sympathetic symptom, it was reported
that reduced '**I-MIBG uptake does not always mean the
existence of a sympathetic symptom [1, 3, 4, 7]. Also in
this study, of the three patients in stage 4 of the HY scale
who showed very low '**I-MIBG uptake (Fig. 3), two had
orthostatic hypotension; however, the remaining one patient
had no cardiovascular sympathetic symptom and showed
no abnormality in the head-up tilt test. In contrast to '**[-
MIBG uptake, the decrease in !'C-CFT uptake in the whole
striatum and in each of its three subregions significantly
correlated with disease progression represented by the HY
stages, as reported previously [14, 16, 22]. Considering the
causal pathophysiological mechanism of PD, this is
reasonable because ''C-CFT uptake directly indicates
nigrostriatal dopaminergic function.

We investigated the sensitivity and specificity of cardiac
12 MIBG scintigraphy in diagnosing PD and differentiat-
ing the patients with PD from the other patients with chief
complaints of parkinsonian symptoms. Similar to the
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Fig. 4 Relation between the HY stage and uptake ratio index of el
CFT in the whole striatum, caudate, anterior putamen and posterior
putamen of patients with PD. In all four graphs, the uptakes in the
patients in HY 1 of PD are significantly higher than those in the
patients in HY 2 and 3 of PD. The uptakes in the caudate of patients in

HY 1 of PD are not significantly higher than those in the caudate of
controls, while the uptakes in the whole striatum, anterior putamen
and posterior putamen of patients in HY 1 of PD are significantly
higher than those in the corresponding regions of the controls. The
vertical bar represents the mean £ SD of controls, N§ not significant
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Fig. 5 Relation between the H/M ratio and uptake ratio index of ''C-
CFT in the whole striatum, caudate, anterior putamen and posterior
putamen of patients with PD. Correlation was evaluated for 16
patients who underwent the two examinations (scintigraphy and PET)

previous meta-analysis of studies with a total of 246 PD
cases [36], in both early and delayed images our study
showed high specificity for the overall cases and high
sensitivity for the advanced cases. However, early cases
tended to have relatively lower sensitivity in both images,
although the sample size and methodology greatly differed
among the studies. Thus, our results suggested that even in
the case of sustained cardiac '**I-MIBG uptake, the
possibility of PD should not be denied and follow-up
clinical examinations, including '>’I-MIBG scintigraphy,
should be conducted, especially in early and mild PD cases.
No definite correlation was found either between cardiac
131 MIBG uptake and striatal ''C-CFT uptake or between
cardiac 'Z*I-MIBG uptake and subregional ''C-CFT uptake
in the PD group. Two groups have reported the association
between the functional impairment of the nigrostriatal
dopaminergic system and that of the cardiac sympathetic
system [8, 37]. Spiegel et al. (n=18) found a correlation
between the two indices, ie. 'I.MIBG and '"C-CFT
uptake, while Raffel et al. (n=9) found no correlation
between them. This discrepancy may be explained as
follows. The functional impairment of both the nigrostriatal
dopaminergic and cardiac sympathetic systems increases
with disease progression, as described earlier; hence, a
correlation was observed in some studies. On the other
hand, there is no report that suggests a direct cause-effect
relationship between the functional impairment of the
nigrostriatal dopaminergic system and that of the cardiac
sympathetic system, Thus, a statistically significant corre-
lation between the functional impairments of the two
systems may depend on the sample size and methodology.
However, the functional impairments of the two systems
would, in fact, occur and progress independently. Some-
times, impairment of the cardiac sympathetic function may
precede that of the nigrostriatal dopaminergic function,
while at other times, the latter may precede the former.
This is the first report wherein PD and NPD pattems in
dopamine PET findings were defined on the basis of the
results which have been confinmed as follows. In presynaptic

within 6 months. In all four graphs, no significant correlations are
observed between the early images (open circles) and delayed images
(pius signs)

DAT images, three characteristic changes are observed [14-
16, 22]. First, the reduction in the 'C-CFT uptake in the
striatum begins from the posterior putamen, representing
the initial locus of PD [38]. Second, the uptake ratio of the
posterior putamen to the caudate is less than 1. Third, one
putamen is usually more affected than the other, reflecting
asymmetric degeneration, In fact, Fig. 4 shows that the ''C-
CFT uptake in the posterior putamen markedly decreased in
the carly stage of PD, while that in the caudate was
relatively constant in the early stage. In postsynaptic D,R
images, putaminal uptake is normal or mildly upregulated
in untreated PD, presumably as a compensatory response to
decrease in presynaptic dopamine {17-19]. On the other
hand, in treated or longstanding PD, the uptake restores to
the normal level in the putamen and most often decreases in
the caudate; this is presumably as a result of long-term
downregulation due to chronic dopaminergic therapy or
structural adaptation of the postsynaptic dopaminergic
system to the progressive degeneration of nigrostriatal
neurons [17, 19, 21]. In fact, in vitro studies have reported
that the densities of striatal D,Rs are maintained even in the
advanced stage [39, 40].

On the basis of the earlier mentioned characteristic
changes, especially in the posterior putamen, we defined
the PD and NPD patterns such that false-negative cases
should be as few as possible, because the aim was to
reinforce the published clinical criteria. For defining the PD
pattern, we considered that ''C-CFT uptake in the posterior
putamen of the patients should be less than that in the
caudate of the patients and less than 50% of the mean
uptake in normal controls. This percentage (i.e. 50%) was
selected (1) on the basis of previous PET reports and
considered suitable to distinguish normal from affected
individuals [14-16, 22] and (2) on the basis of previous
reports of in vitro studies, stating that parkinsonian
symptoms appear when 80% of the striatal dopamine is
lost or 50% of the nigral cells degenerate [38, 41].
Asymmetric uptake was not defined because of the
difficulty in determining the intraindividual differences in
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the uptake on the left and right sides. However, all 24
patients with PD showed asymmetric uptake. In the ''C-
raclopride PET image, since the uptake in the putamen was
not less than the normal range, we considered that the
uptake in the posterior putamen was normal or increased.
For defining the NPD pattem, presynaptic function was not
determined because the degree of the presynaptic dysfunc-
tion varies with diseases. In the 'C-raclopride PET image,
we considered that the uptake in the posterior putamen was
normal or decreased because the uptake was not more than
the normal range, except for Lewy body disease.

Conclusions

In early and mild PD cases, cardiac 123l MIBG scintigraphy
is of limited value in the diagnosis of PD, because the
sensitivity was indicated to be less than 70%. However,
because of its high specificity for the overall cases and high
sensitivity for the advanced cases, cardiac 1231 MIBG
scintigraphy may assist in the diagnosis of PD in a
complementary role with the dopaminergic neuroimaging.
Disease progression indicated by the HY  stages has a
stronger association with the nigrostriatal dopaminergic
function assessed by striatal "'C-CFT uptake than with the
cardiac sympathetic function assessed by cardiac '*°I-
MIBG uptake. The impairment of the two functions would
occur and progress independently.
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Objectives — To evaluate the association between cerebrospinal fluid
(CSF) homovanillic acid (HVA) concentrations and nigrostriatal
dopaminergic function assessed by positron emission tomography
(PET) imaging with carbon-11-labeled 2f-carbomethoxy-3p-
(4-fluorophenyl)-tropane (‘'C-CFT), which can measure the
dopamine transporter (DAT) density, in Parkinson’s disease

(PD). Methods — "'C-CFT PET scans and CSF examinations were
performed on 21 patients with PD, and six patients with non-
parkinsonian syndromes (NPS) as a control group. Results — In

the PD group, CSF HVA concentrations were significantly
correlated with the striatal uptake of ''C-CFT (r = 0.76, P < 0.01).
However, in the NPS group, two indices were within the normal
range. Conclusions — In PD, CSF HVA concentrations correlate with
nigrostriatal dopaminergic function. Therefore, CSF HVA
concentrations may be an additional surrogate marker for estimating
the remaining nigrostriatal dopaminergic function in case that DAT-
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imaging is unavailable.

Introduction

In humans, homovanillic acid (HVA) is the major
end-product of dopamine metabolism. The HVA
in the cerebrospinal fluid (CSF) is largely derived
from the nigrostriatal dopaminergic pathway;
therefore, HVA concentration in the CSF has
been used as an index of dopamine synthesis and
presumed to reflect nigrostriatal dopaminergic
function. However, even with the availability of a
rigorous collection protocol, especially with respect
to puncture time and pre-procedural resting,
considerable inter-individual and intra-individual
variability has been reported with regard to the
concentration of CSF HVA in subjects with
normal nigrostriatal function (1-3). Therefore,
the extent to which CSF HVA concentrations
reflect the nigrostriatal dopaminergic function is
still unknown, and no study has specifically eluci-
dated the association between the concentration of

Accepted for publication June 25, 2009

CSF HVA and the function of nigrostriatal dopa-
mine.

Many studies have shown that the concentration
of CSF HVA substantially reduces in patients with
Parkinson’s disease (PD), which is a neurodegen-
erative disorder caused by nigrostriatal dopami-
nergic dysfunction (4-12). However, the extent of
reduction also varied a great deal among patients
with PD. Because of the variability, the relation-
ship of clinical disability with CSF HVA concen-
trations and the accuracy of CSF HVA
concentrations in differentiating PD from other
parkinsonian syndromes have yet to be determined.
Several authors have reported an inverse relation-
ship between CSF HVA concentrations and the
clinical severity (5-7, 10, 11), while others have
denied such a relationship (9, 12, 13). Other
neurodegenerative disorders caused by the dys-
function of nigrostriatal dopaminergic system, such
as multiple system atrophy (MSA), progressive
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supranuclear palsy (PSP) and corticobasal degen-
eration, also show the reductions of CSF HVA
concentrations as compared to normal subjects (8,
14, 15). Therefore, the usefulness of measuring CSF
HVA concentrations in daily clinical practice has
not yet been established.

In order to address the physiological and path-
ophysiological backgrounds of these issues, we
evaluated the correlation between CSF HVA
concentrations and nigrostriatal dopaminergic
function. Furthermore, we have discussed the
mechanism by which the concentration of CSF
HVA reduces in patients with PD.

As means of evaluating nigrostriatal dopaminer-
gic function, we performed carbon-11-labeled
2B-carbomethoxy-3p-(4-fluorophenyl)-tropane (!C-CFT)
positron emission tomography (PET) scans which
can reveal the dopamine transporter (DAT) den-
sity in the striatum. DAT imaging has been
recognized as a standard marker for the diagnosis
of PD, because it is a very sensitive, reproducible,
and reliable marker of nigrostriatal dopaminergic
function (16-21).

Materials and methods
Subjects

The present study was a retrospective study. The
subjects comprised 35 patients [19 men and 16
women; age 60-83 years (mean age = 71.7 years,
SD = 6.0)]. They visited the neurological outpa-
tient clinic at Tokyo Metropolitan Geriatric Hos-
pital from April 2001-November 2004. Of the 35
patients, 29 had parkinsonian symptoms and on
the basis of each clinical criteria (22-24), 21 were
diagnosed with PD, three with MSA, and five with
PSP. The remaining six patients had no parkinso-
nian symptoms: three were clinically diagnosed
with Alzheimer’s disease (AD), two with spinocer-
ebellar degeneration (SCD), and one with amyo-
trophic lateral sclerosis (ALS). Table 1 shows the

Table 1 Demographics of patients and control subjects

demographic data. The patients with MSA and
PSP were classified in the patients with non-PD
(NPD) group, while the patients with AD, SCD
and ALS were classified in the patients with non-
parkinsonian syndromes (NPS) group. The CSF
examinations and the ''C-CFT PET scans were
performed within 5 months of each other. None
of the patients had any concomitant hereditary
disorder that could cause parkinsonian symptoms.
All the patients were drug naive.

The normal range of HVA was determined by
examining the CSF of 13 normal control subjects
[ive men and eight women; age, 65-88 years
(mean = 77.2 years, SD = 8.2)]. Similarly, the
normal range for nigrostriatal dopaminergic
function was determined by performing ''C-CFT
PET scans of eight normal control subjects [five
men and three women; age, 55-74 years (mean
age = 62.3 years, SD = 6.9)]. All the control
subjects were healthy and did not have any under-
lying diseases or abnormities, as determined on the
basis of their medical history and their physical and
neurological examinations. None of them were on
any medications at the time of the study. All the
subjects also underwent routine MR examinations.

All the CSF examinations and ''C-CFT PET
scans were performed for research. This study
protocol was approved by the Ethics Committee of
the Tokyo Metropolitan Institute of Gerontology
and written informed consents were obtained from
all the participants.

CSF analysis

Lumbar puncture was performed in the lateral
decubitus position to obtain CSF samples from
each subject. The first few milliliter of CFS was
discarded. The next 3 ml of CFS was used for
routine determinations of cell counts, protein and
sugar and an additional 2 ml was stored at —70°C
until the assays were preformed. The concentration
of CSF HVA was measured by injecting 80 ul CSF

Subjects

—_— Striatal uptake of "'C-CFT

n M:F Age {years} Duratian (years} {Uptake ratio index} CSF HVA {ng/mi}
Parkinson’s disease 21 11:10 729 £ 5.0 18+13 094 £ 0.20 128 £ 935
Hoehn-Yahr 1 1 1.0 62 1 1.38 368
Hoehn-Yahr 2 8 44 N6+ 46 14 +£09 103 £ 0.14 156 &+ 94
Hoehn-Yahr 3 12 6.6 747 £39 21+£15 0.85 £+ 0.17 89+ 54
Non-Parkinson’s disease 8 &4 705 + 7.7 16 £ 08 1.00 + 0.19 164 + 77
Non-parkinsonian syndromes 6 42 68.8 £6.3 45 + 24 248 £ 028 319+ 130
Contral for PET study 8 53 623 £ 69 268 + 0.4
Control for CSF study 13 58 772+ 82 3604138

Data are expressed as mean + SO; n = number, CSF. cerebrospinal fluid; HVA, homovanillic acid.
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samples into a high-performance liquid chroma-
tography system equipped with 16 electrochemical
sensors (CEAS Model 5500; ESA, Bedford, MA,
USA), as described previously (14).

PET imaging

"C.CFT PET data acquisition — PET studies were
performed at the Positron Medical Center, Tokyo
Metropolitan Institute of Gerontology using a SET
2400W scanner (Shimadzu, Kyoto, Japan) in
the three-dimensional scanning mode (25). The
C-CFT was prepared as described previously
(26). Each subject received an intravenous bolus
injection of 388 + 75 (mean £ SD) MBq of
''C.CFT. Each subject was then placed in the
supine position with their eyes closed in the PET
camera gantry. The head was immobilized with a
customized head holder in order to align the
orbitomeatal line parallel to the scanning plane.
To measure the uptake of UC.CFT, a static scan
was performed for 75-90 min after the injection.
The specific activity at the time of injection ranged
from 7.1-119.6 GBq/pumol. The transmission data
were acquired using a rotating °®Ga/®®*Ge rod
source for attenuation correction. Images of 50
slices were obtained with a resolution of 2 x 2 X
3.125 mm voxels and a 128 X 128 matrix.
Analysis of YC-CFT PET images — Image
manipulations were carried out by using the
Dr View software (version R2.0; AJS, Tokyo,
Japan). The individual PET images were resliced in
the transaxial direction, parallel to the anterior—
posterior intercommissural (AC-PC) line. Circular
regions of interest (ROIs) were placed with refer-
ence to the brain atlas and individual MRI images.
Five ROIs (diameter, 8 mm) were placed on the
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striatum on both the left and right sides in each of
the three contiguous slices (the AC-PC plane, and
regions 3.1 and 6.2 mm above the AC-PC line). Of
the five ROIs, one ROI was placed on the caudate
and four on the putamen. A total of 50 ROIs
(diameter, 10 mm) were selected throughout the
cerebellar cortex in five contiguous slices. To
evaluate the striatal uptake of ''C-CFT, we calcu-
lated the uptake ratio index by the following
formula (17, 18), as previously validated (27, 28).

Uptake ratio index = (activity in the striatum
—activity in the cerebellum)/
(activity in the cerebellum).

Statistical analysis

Differences in the averages were tested using a
Student’s z-test. Correlations between the two
groups were assessed by linear regression analysis
with Pearson’s correlation test. P < 0.01 was
considered to indicate statistical significance.

Results

The inter-individual variability in the concentra-
tions of CSF HVA in each group was relatively
large (Fig. 1A). CSF HVA concentrations in both
the PD (P < 0.01) and NPD groups (P < 0.01)
were significantly lower than that in the control
group (mean £ 2SD, 36.0 £ 27.6), while no
significant difference was observed between the
NPS and control groups.

The striatal uptake of ''C-CFT in the PD and
NPD groups was below the normal range
(mean + 2SD, 2.68 + 0.87; Fig. 1B). In the PD
group, CSF HVA concentrations were significantly

Uptake ratio index

HVA (ngimi)

Figure 1. (A) The comparison of CSF HVA concentrations among the disease and control groups. Vertical bars represent
mean + SD. (B) Relationship between CSF HVA concentrations and the striatal uptake of !C-CFT. A solid line represents the
regression line for the PD group. Linear correlation was significant (r = 0.76; P < 0.01). The grey bars beside the x- and y-axes
represent the normal range (mean + 2SD) for HVA (36.0 & 27.6) and the striatal uptake of ''C-CFT (2.68 + 0.87). PD, Parkinson’s
disease; NPD, non-Parkinson’s disease with parkinsonism; NPS, non-parkinsonian syndromes; C, controls; NS, not significant; CSF,

cerebrospinal fluid; HVA, homovanillic acid. .
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correlated with the striatal uptake of "C-CFT
(r = 0.76, P < 0.01). In the NPD group, although
the correlation between the two indices was not
statistically significant, the distribution pattern
between the two indexes showed the same tendency
as that in the PD group. However, in the NPS
group, both CSF HVA concentrations and the
striatal uptake of ' C-CFT were within the normal
ranges.

Discussion

We evaluated the correlation between CSF HVA
concentrations and nigrostriatal dopaminergic
function by performing ''C-CFT PET scans.
C-CFT PET scans showed that all patients with
PD and NPD had the dysfunction of nigrostriatal
dopaminergic system and all patients with NPS
had normal function. The CSF HVA concentra-
tions of all patients with PD and NPD were
significantly lower than those of normal subjects,
in accordance with previous studies (5-12, 14, 15),
whereas, there was no significant difference in CSF
HVA concentrations between normal subjects and
patients with NPS. These results suggest that CSF
HVA concentrations could reflect nigrostriatal
dopaminergic function. However, in accordance
with previous reports (1-9, 13, 14), all groups
showed large inter-individual variability in CSF
HVA concentrations and relatively wide overlaps
among groups were found. Therefore, in clinical
practice, measuring CSF HVA concentrations may
be of limited value in the diagnosis of PD.

This is the first study that investigated the
correlation between CSF HVA concentrations
and nigrostriatal dopaminergic dysfunction.
Regardless of relatively high inter-individual var-
iability, CSF HVA concentrations in the PD group
showed a considerably high correlation with the
striatal uptake of !C-CFT. The NPD group with
nigrostriatal dopaminergic dysfunction showed the
same tendency as the PD group, although without
significant correlation probably because of the
small number of patients. On the other hand, the
NPD group with normal nigrostriatal dopaminer-
gic function showed normal ranges in both the
HVA level and the striatal uptake of *'C-CFT.
Therefore, CSF HVA concentrations may be an
additional surrogate maker for estimating the
nigrostriatal dopaminergic function in patients
with PD, in case that DAT imaging, which has
been recognized as a standard maker for the
diagnosis of PD, is unavailable.

It is important to note that the DAT images of
patients with PD are unique; in the pre-symptom-
atic phase the reduction in the availability of

striatal DAT was detected, presumably as a result
of both the degeneration of nigral dopaminergic
cells and the compensatory downregulation of
DATSs on the presynaptic site to maintain normal
synaptic dopamine concentrations (17-21). Fur-
thermore, the striatal DAT availability declined at
an annual rate of 5-10% (19, 21, 29-31).
Considering our results and the unique charac-
teristics of the DAT images, a possible explanation
about the association between CSF HVA concen-
trations and the striatal uptake of 'C-CFT is as
follows (Fig. 2). The first stage of the disease is a
compensatory and asymptomatic phase. Along
with the progression of nigrostriatal degeneration,
the striatal DAT availability begins to decrease, as
described earlier (17-21). However, due to several
compensatory mechanisms, including the down-
regulation of DATs and the upregulation of
dopamine synthesis, the striatal dopamine concen-
trations are kept within the normal range (32). As a
result, CSF HVA concentrations are also kept in
the normal range because CSF HVA is the major
end-product of striatal dopamine metabolism. This
phase would show relatively large intra-individual
and inter-individual variability in CSF HVA con-
centrations, as observed in subjects with normal
nigrostriatal dopaminergic function, because of the
reserve capacity for adjusting its levels. The second
stage of the progression of the disease is an
advanced and symptomatic phase. The compensa-
tory mechanisms to maintain normal synaptic

Striatal uptake of "C-CFT
(DAT availability)

CSF HVA concentration

Figure 2. Schematic representation of the mechanism of CSF
HVA reduction in patients with PD. (A) The nigrostriatal
degeneration begins with a decrease in DAT availability, but
due to several compensatory mechanisms, striatal dopamine
concentrations (CSF HVA concentrations) are maintained
within the normal range. There is a large variability with regard
to CSF HVA concentrations. (B) The compensatory mecha-
nisms break down and striatal dopamine concentrations (CSF
HVA concentrations) begin to decrease along with the decrease
in DAT availability. The variability in CSF HVA concentra-
tions gradually becomes smaller. The grey zone represents the
range of variability in CSF HVA concentrations to the striatal
uptake of ''C-CFT. DAT, dopamine transporter; CSF, cere-
brospinal fluid, HVA, homovanillic acid.
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dopamine concentrations break down and the
striatal dopamine and CSF HVA concentrations
begin to decrease with the reduction of DAT
availability. In this phase, the intra-individual and
inter-individual variability in CSF HVA concen-
trations would gradually decrease because of a
lesser capacity for adjusting its levels. Conse-
quently, CSF HVA concentrations remain within
a narrow range that corresponds to the remaining
nigrostriatal dopaminergic function. In symptom-
atic patients with PD, CSF HVA concentrations
correlate with nigrostriatal dopaminergic function.
To verify this explanation, a study with larger
number of patients is needed.

In conclusion, we found a significant correlation
between CSF HVA concentrations and the striatal
uptake of ''C-CFT in patients with PD. Although
we should remember that CSF HVA concentra-
tions show large variability, CSF HVA concentra-
tions may be an additional surrogate maker for
estimating the remaining nigrostriatal dopaminer-
gic function in patients with PD in case that DAT
imaging is unavailable.
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a-SYNUCLEIN ACCUMULATION IN SKIN
NERVE FIBERS REVEALED BY SKIN BIOPSY
IN PURE AUTONOMIC FAILURE

Pure autonomic failure (PAF), a rare clinical mani-
festation of Lewy body (LB) disorders, is charac-
terized by fibrillary aggrégates of a-synuclein in
the cytoplasm of a select population of neurons
and glia. It is a sporadic, idiopathic, neurodegen-
erative disorder with orthostatic hypotension as
the cardinal symptom. Patients may also present
with decreased sweating, urinary dysfunction,
constipation, and sexual dysfunction. Postmortem
studies'® have disclosed prominent LB pathology
in sympathetic and parasympathetic nervous sys-
tems, as well as the substantia nigra and locus cer-
uleus. Here, we show for the first time a-synuclein
accumulation in nerve fibers in the dermis of a
patient with PAF.

The patient is a 73-year-old man with a 13-year
history of severe orthostatic hypotension with re-
current syncope, urinary dysfunction (hesitancy
and prolongation), erectile failure, and decreased
sweating with heat intolerance. Supine blood pres-
sure was 163/84 mm Hg. After 1 minute of a 60°
head-up tilt test, the patient’s blood pressure fell
to 62/33 mm Hg and he fainted. The patient’s
pulse was 60 beats/minute before tilting and 65
beats/minute after 1 minute of tilting, and his
plasma noradrenaline was 40 and 36 pg/mL before
and after tilting, respectively (normal: >100 pg/
mL). The coefficient of variation of R-R intervals
was 0.81% (normal: >1.5%). Denervation super-
sensitivity to noradrenaline was detected with in-
fusion testing. A thermoregulatory sweat test
revealed a patchy lack of sweating in the legs. The
heart-to-mediastinum (H/M) ratio of !*'I-
metaiodobenzylguanidine (MIBG) myocardial
scintigraphy was reduced (early: 1.30, late: 1.25,
normal: >1.85).

After the patient provided informed consent,
skin samples, 5 mm in diameter and including the
dermis, were obtained from around his ankles, di-
rectly fixed in 10% buffered formalin for 24
hours, and cut into 6-um-thick serial paraffin sec-
tions. The sections were stained with hematoxylin

and eosin and also stained immunohistochemi-

Clinical/Scientific
Notes

cally with an autoimmunostainer (20NX, Ven-
tana, Tucson, AZ) and antiphosphorylated
a-synuclein (psyn) antibodies (psyn#64 monoclo-
nal and PSer129 polyclonal, gifts from Dr T. Iwat-
subo, University of Tokyo). We also stained
alternating serial sections with polyclonal anti-
psyn and antiphosphorylated neurofilament
antibodies (SMI31 monoclonal, Sternberger Im-
munochemicals, Bethesda, MD) to show the ax-
ons. Additional sections were immunostained with
(TH)
(Calbichem-Novabiochem Corporation, Darm-

anti—tyrosine hydroxylase antibodies
stadt, Germany).

Anti-psyn immunohistochemistry showed posi-
tive neurites and dots in unmyelinated nerve fasci-
cles of the dermis and subcutaneous tissue (figure,
A and B). Small psyn-positive dots or thin linear
structures were also found around blood vessels
and were coincident with SMI31-immunoreactive
axons (figure, C and D). TH immunostaining
showed no immunoreactivity in the patient’s nerve
fascicles and blood vessel walls (figure, E and G),
although sections from control subjects were TH-
positive (figure, F and H).

Our patient fulfilled the criteria of the consensus
statement on the definition of PAF.# Autonomic
function tests indicated both sympathetic and para-
sympathetic involvement.

Skin a-synuclein has been detected by immu-
noblotting in some patients with Parkinson disease
(PD),’ and we have reported psyn-positive unmy-
elinated nerve fascicles in the skin of patients with
PD and dementia with Lewy bodies (DLB), in-
cluding aggregates within TH-immunoreactive ax-
ons and nonreactive axons.® Therefore, we
biopsied the skin areas that showed no sweating in
the thermoregulatory sweat test, because cutane-
ous sudomotor nerves contain unmyelinated ad-
renergic and cholinergic sympathetic nerve fibers
that innervate blood vessels and sweat glands. The
cutaneous unmyelinated nerve fascicles were im-
munoreactive for a-synuclein, and some extended
into the walls of blood vessels. With absent TH
immunoreactivity in nerve fascicles and blood ves-

sel walls, dysfunction of sympathetic nerve fibers

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.
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( Figure

Immunostaining for a-synuclein and tyrosine hydroxylase in the skin ]

Immunohistochemical study of nerve fascicles and vascular walls in the skin around the pa-
tient's left ankle with antiphosphorylated a-synuclein (psyn) antibodies (A: psyn#64, monoclo-
nal; B, C: PSer129, polyclonal), antiphosphorylated neurofilament antibodies (D: SMI31
monoclonal), and anti-tyrosine hydroxylase (TH) antibodies (E-H). A-H: bars = 20 um. C and D
are serial sections. (A, B) Dot-like psyn immunoreactivity (arrowheads) was present in a cross-
section of a nerve fascicle. (C, D) Psyn immunoreactivity revealed dots and a thin linear struc-
ture (C, arrowheads), which was determined with SMI31 to be the wall of a blood vessel
extending from a nerve fascicle (D, arrowheads). (E, F) TH immunoreactivity was absent in a
cross-section of a nerve fascicle in this patient (E). In contrast, TH immunoreactivity was ob-
served in a control subject (79-year-old man; F). (G, H) TH immunoreactivity was absent in a
cross-section of a blood vessel wall in this patient (G). In contrast, TH immunoreactivity was
detected in a control subject (89-year-old man; H). No erector pili muscle was observed in the
skin of this patient.
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may underlie this patient’s hypohidrosis and could
be caused by the a-synuclein aggregation.

In PD and DLB, a-synuclein aggregates in the distal
axons of the cardiac sympathetic nerves provoke
the degeneration of these nerves.” MIBG myocar-
dial scintigraphy enables the quantification of
postganglionic sympathetic cardiac innervation;
the H/M ratio was reduced in our patient, suggest-
ing that a-synuclein aggregation may also be the
pathologic cause of cardiac sympathetic nervous
system degeneration in PAF.

We have shown that LB-related pathology in the
skin is always accompanied by LB-related pathology
in the CNS and adrenal glands of patients with PD
and DLB.¢ Thus, synuclein accumulation in cutane-
ous nerve fibers may indicate that this patient with-
out parkinsonism also has LB-related pathology in
the adrenal glands and brain. Indeed, varying
amounts of LBs and neuronal loss occur in the sub-
stantia nigra, locus ceruleus, and adrenomedullary
cells in patients with PAF.!

a-Synuclein pathology in cutaneous nerves in this
patient provides additional evidence that PAF is an
a-synucleinopathy. Examining biopsies of hypo-
hidrotic skin for a-synuclein-positive cutaneous
nerve fibers in a series of patients with PAF should be
performed in the future.
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LESIONAL REFLEX EPILEPSY ASSQCIATED
WITH THE THOUGHT OF FOOD

A 44-year-old right-handed woman was walking in
the Scottish highlands. Upon unwrapping her
lunch, she had a focal seizure with witnessed onset
on the right side of the face and secondary general-
ization. Postictally, she was aphasic with a right
hemiparesis. She was airlifted to hospital. Sodium
valptoate was commenced, increasing to 700 mg
wwice daily, and she was discharged home. Three
weeks later, the smell of food triggered another
seizure and she was admitted to the neurology unit
where carbamazepine was introduced (200 mg
twice daily).

The next morning, the patient had a simple par-
tial seizure after eating a spoonful of porridge and 3
more when eating lunch, a snack, and dinner. There-
after, most meals triggered seizures, as did other
food-related stimuli such as being offered a piece of
cake, seeing her visitors pass around food at her bed-
side, and smelling the hospital dinner trolley. Fifty-
four seizures occurred over the next 14 days and 50
wete related to food. The episodes typically lasted 80
seconds and were characterized by a tingling sensa-
tion in the tongue and right-sided facial and tongue
movements. Consciousness was unimpaired.

Thirty-four seizures occurred during the act of
eating, always early on in the meal while the pa-
tient still felt hungry. Fifteen were precipitated by
the sight or smell of food alone, 1 while browsing a
recipe book, and 3 when she could smell her pet
dog’s food. One seizure was provoked by discuss-
ing cooking and another was triggered by the mint
flavor of toothpaste. A single nocturnal seizure was
accompanied by a strong feeling of nausea. The 2
other seizures associated with nonfood stimuli
were related to stressful situations such as discuss-
ing a call from the doctor. Neither chewing move-
ments nor speaking induced seizures.

Interictal EEG was normal. MRI revealed a non-
enhancing lesion in the left premotor strip (figure).

The seizures were refractory to medical therapy.
An awake frontoparietal craniotomy was performed
with electrocorticography. Epileptiform activity was
identified in the left frontal operculum, anterior and
inferior to the lesion (figure). A subtotal resection
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was performed. Histopathology revealed a WHO
grade [V glioblastoma. No reflex seizures occurred

after surgery.

Discussion. We present a case of symptomatic re-
flex seizures triggered by food-related stimuli, with
detailed neuroimaging and electrophysiologic local-
ization of the epileptic focus. Reflex epilepsies are
characterized by seizures consistently induced by a
specific stimulus. Typically, they are idiopathic and
generalized. Recognized stimuli include flashing
lights, music, reading, toothbrushing, and eating,
Over 200 cases of idiopathic eating epilepsy have
been reported, many from South Asia, with a male
preponderance and onset typically in the second de-
cade of life.! In all cases, the act of eating was re-
quired to provoke seizures, which were focal or
generalized. Of 128 cases in which treatment re-
sponse is described, 48 (37.5%) became seizure-free,
64 (50%) achieved partial control of seizures, and 16
(12.5%) showed no benefit.!?

There are far fewer reported cases of symptomatic
eating epilepsy. The associated pathologies include
congenital malformations, vascular abnormalities,
postinfective lesions, and 1 neoplasm: an astrocy-
toma. Lesions involved the opercula, amygdalae, and
temporoparietal lobes.>* Most cases were refractory
to medical therapy.

Rarer still are cases of reflex epilepsy triggered by
the thought of a specific stimulus. One report de-
scribed a man with temporal lobe seizures induced by
thinking of his childhood home. Another patient
with a left temporal focus on EEG had seizures when
brushing his teeth but also on thinking of a tooth-
brush.¢ To our knowledge, there have been no re-
ports of seizures precipitated by the thought of food
or hunger alone.!?

Several mechanisms have been postulated for eat-
ing epilepsy, from somatosensory and motor stimula-
tion to gastric distension.?? Primary taste areas in the
anterior insula and frontal operculum are activated
by taste and olfactory stimuli but also the anticipa-
tion of food.? Taste processing is refined in the sec-
ondary taste areas of the amygdala and orbitofrontal
cortex where a greater number of neurons receive
multimodal inputs.> Functional MRI has demon-
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ARTICLE INFO ABSTRACT
Article history: A patient with Creutzfeldt-Jakob disease (CJD) with prion protein (PrP) gene codon 180 mutation (CJD
Received 29 june 2009 180) experienced cognitive decline over the 1.5-year period before her death. Serial magnetic resonance
Received in revised form 28 January 2010 imaging (MRI) studies tracked stepwise propagation of cortical abnormal swelling and T2 elongations.
:z;‘:;: ;ilx:';h(:ow On postmortem examination, the cortical areas affected by CJD for relatively short periods were asso-
ciated with mild spongiform changes with the number of neurons being largely preserved. The residual
neurons in these areas exhibited vacuole-like dilatation of their cell body. In contrast, the atrophic cor-
'é;r’)'w‘"ds" tical areas affected by CJD for long periods exhibited predominant gemistocytic astrocytosis with severe
Prion neuronal loss. The present report depicts the unique cortical propagation of CJD 180 with corresponding
Codon 180 radiological and pathological findings. Axonal transport through corticocortical connections might under-
MRI lie the disease’s propagation. MRIappeared to be useful for discriminating between different pathological
Pathology states and tracking the progression of CJD 180,
Immunohistochemistry © 2010 Elsevier B.V. All rights reserved.
Ultrastructure
Axonal transport

1. Introduction

Creutzfeldt-Jakob disease (CJD) usually presents with rapidly
progressive dementia associated with pyramidal, extrapyramidal,
and cerebellar signs. A typical radiological finding of CJD is rapid
cerebral atrophy. Occasionally, lesions of CJD manifest as multifocal
cortical signal abnormalities in diffusion-weighted or T2-weighted
magnetic resonance imaging (MRI) [1-3]. Although several stud-
ies have suggested that abnormal magnetic resonance (MR) signals
reflect spongiform changes or accumulation of prion protein (PrP)
[4-6], therelationship between radiological manifestations and the
pathological processes of CJD remains unclear. Here we present a
CJD patient with a rare point mutation of the PrP gene at codon 180
(CJD 180). The patient presented with various neuropsychological
symptoms and slowly progressive cortical abnormalities on MRI.
The corresponding pathology was examined in the postmortem
brain.

* Corresponding author at: Department of Physiology, Development, and Neuro-
science, University of Cambridge, Cambridge CB23DY, UK. Tel.; +44 1223 339544;
fax: +44 1223 333786.

E-mail address: skoba-tky@umin.ac.jp (S. Kobayashi).

0303-8467/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
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2. Case report
2.1, Clinical course

A 70-year-old right-handed Japanese woman was referred with
a 1-month history of progressive memory loss. She did not have
a particularly relevant past medical history; she had not received
a blood transfusion, human growth or gonadotropin hormone
treatment, dura mater transplant, corneal grafts, or undergone neu-
rosurgical procedures. She had lived in Chiba prefecture and her
family history was unremarkable. On admission, her dementia was
obvious. The scores of the Mini Mental Scale and Hasegawa Demen-
tia Scale Revised were 5/30 and 3/30, respectively. She did not show
agnosia, apraxia, or neglect. Her cranial nerves and sensory motor
systems were normal. Deep tendon reflexes were within normal
limits and without pathological reflex. She was ambulatory and
involuntary movements were not observed at that point. Routine
laboratory tests were normal except for mild anemia. Results of
CSF examination were normal. Protein 14-3-3 was not examined.
Soon after admission, she started to show abnormal behavior such
as wandering about the ward, stealing other patients’ belongings,
and eating her own feces. In the following 2 months, she devel-
oped fluent sensory aphasia with repetitive stereotypic speech.
She also showed a tendency of excessive writing with repetitive
phrases. Her neuropsychological details in this stage were reported
elsewhere [7]. Within 9 months she became akinetic and mute,
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on admission

| months

16 months

Fig. 1. Magnetic resonance images obtained on admission (A-C), and at 4 (D-F) and 16 months (G-I) after admission. Abnormal T2 elongated signals initially appeared in
the temporal cortex (arrowheads in A-C) and subsequently propagated to the frontal cortex (arrowheads in D and F). After 1.5 years, the temporal cortices showed atrophy
with enlarged sulci and lateral ventricles and white matter showed T2 elongated signals (G and H). At the end stage, most of the cerebral cortex showed abnormal T2 signals
with relative sparing of the bilateral pre- and post-central gyri (I). All images are in T2-weighted sequence (A and B, TR 4000 TE 100; C-F, and |, TR 3500 TE 93; H, TR 4318,

TE 103), except G in T1-weighted sequence (TR 600 TE 14).

and developed myoclonus in the bilateral upper limbs. Within
11 months the myoclonus became more prominent and startle
responses appeared. Two years after the onset, the patient died
of cholecystitis and consequent sepsis.

2.2. Radiological and encephalographic studies

Serial MRI studies revealed a stepwise progression of cortical
involvemnent. On admission, the patient’s MRI exhibited abnormal
cortical thickening with T2 elongation in the bilateral temporal
cortices (Fig. 1A-C). The abnormal MR signals arose in the bilat-
eral frontal cortex and parietooccipital junction sequentially after
3 and 7 months from admission, in that order (Fig. 1D-F). One year
after her admission, the frontotemporal cortices started to show
atrophic changes (Fig. 1G). The cerebral cortex in the bilateral pre-
and post-central gyri was relatively preserved until the patient’s
death (Fig. 1F and I). The cerebral white matter and basal ganglia
showed T2 elongation in the end stage (Fig. 1H). The cerebellum and
brainstem were spared. Diffusion-weighted imaging (DWI) was
not obtained. Serial electroencephalogram studies detected grad-
ual slowing of the basic activity along the course of the disease,
which eventually became a diffuse slow wave at 3-5 Hz. However,
periodic synchronous discharge (PSD) was not detected throughout
the course of the disease.

2.3. Postmortem pathological studies and gene analysis

The whole brain was fixed in 10% buffered formalin. We pro-
cessed blocks of the cerebrum (frontal, parietal, occipital, and
temporal cortex), cerebellum, caudate, putamen, thalamus, hip-
pocampus, and brainstem for paraffin embedding. For routine light
microscopic examination, serial 6-m-thick sections were stained
with hematoxylin-eosin, Bielschowsky, and Kliiver-Barrera stain-
ing. Immunohistochemistry for PrP was based on deparaffinized
sections from cerebral cortex, hippocampus, caudate, putamen and

thalamus, using mouse monoclonal antibody 3F4 (DAKO; 1:25)
after antigen retrieval with formic acid for 3 min and autoclaving
with 20mM hydrogen chloride for 10 min. Deparaffinized hip-
pocampal sections from a sporadic CJD case were used as control
(Fig. 2J). For ultrastructural study, formalin-fixed specimens were
immersed in cacodylate buffer containing 1% tannic acid overnight,
postfixed in 1% osmium for 2 h, and embedded in epoxy resin. One-
mm thick sections were stained with toluidine blue and appropriate
areas were selected after light microscopic observation. Ultrathin
sections were double stained with uranyl acetate and lead cit-
rate,

The fixed brain weighed 950g. Macroscopically, the frontal
pole and inferior temporal cortex showed marked atrophy, but
the parietal regions showed cortical swelling (Fig. 2A-C). The
cerebral white matter showed myelin pallor (Fig. 2C). Micro-
scopically, diffuse spongiform changes were observed throughout
the neocortex, basal ganglia, and thalamus. The atrophic fron-
totemporal cortices showed gemistocytic astrocytosis with severe
neuronal loss (Fig. 2D-F). The swollen part of the parietal con-
vexity exhibited mild to moderate spongiform changes in cortical
layers II-V, but the number of neurons in those areas was rela-
tively preserved (Fig. 2G and H). Neither amyloid nor Kuru plaques
were found. Some immunoreactivity to the anti-PrP antibody was
detected in the temporal cortex and hippocampus (Fig. 2I), but
was remarkably scarce elsewhere in the brain. Electron-microscopy
studies detected membrane-bound intracellular extranuclear vac-
uolar inclusions in residual neurons in the examined cortical tissue,
including frontal, temporal and parietal cortices (Fig. 2K). These
vacuoles that occupied the cytoplasm of the neurons in the affected
cortical areas were distinct from dilatation of astroglial soma and
feet typically observed in so-called status spongiosus.

We analyzed PrP gene expression by extracting genomic DNA
from peripheral lymphocytes by the method reported in the pre-
vious study [8]. The open reading frame of the gene was subjected
to polymerase-chain-reaction direct sequencing, which revealed a

Clin'Neurol
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Fig 2. Pathological findings of the postmortem brain. (A-C) A coronal macro-sections of the brain at the level of the pineal body (A) and hippocampus (B and C) (C, Kliiver-
Barrera staining). The temporal lobe exthibited atrophy (B and C, arrow heads), but the hippocampal formation was relatively preserved. In contrast, the parietal region
appeared swollen with dense gray matter and a tight sulcal space (A, asterisk). Scale bars: A and B, 10 mm; C, 5mm. (D-H) Representative/microscopic images of gray-matter
lesions (hematoxylin-eosin staining). The frontal (D and E) and temporal (F) cortices affected by CJD for long periods exhibited severe cortical atrophy with spongiform
appearance. Spongiform changes were characterized by diffuse and partly confluent oval vacuoles in the neuropil in the frontal cortex (D and E). Gemistocytic astrocytosis
was prominent in the temporal cortex (F). The parietal cortex, which appeared swollen macroscopically, exhibited mild spongiform changes and the number of neurons
was relatively preserved (G and H). Magnification: D, G, 40x (scale bar, 500um); E, H, 200x (scale bar 50 wm). F, 200x (scale bar 20 wm). I: PrP immunostaining revealed
perivacuolor synaptic-pattern deposits in the inferior temporal cortex (I). The immunostaining was weaker than the control with a sporadic CJD patient using the same
method (J, anti-PrP antibody 3F4). Magnification: H, 400x (scale bar, 10 um); I, 400x (scale bar, 20 wm); J, 100x (scale bar, 100 pm). K, Ultrastructure of the tissue from the
parietal cortex showing spongiform changes. Scale bar, 2 um. Fex, frontal cortex; IT, inferior temporal cortex; Pex, parietal cortex.
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missense PrP; GTC to ATC (Val to Ile) at codon 180. Polymorphism
of codon 129 was a homozygous Met/Met.

3. Discussion

We present herein the clinical, radiological, and pathological
findings of a patient with CJD 180. The present findings substantiate
the previously reported unique clinical features of CJD 180 [9-15],
including elderly onset, slower progression of the disease compared
with sporadic CJD, lack of PSD in the electroencephalogram, and
cortical swelling with T2 elongation on MRL

The present study further elucidated a characteristic pattern
of disease propagation that was observed clinically and radiologi-
cally. The temporal, frontal, and parietal cortices were involved ina
stepwise manner within an interval of 3-7 months, It has been sug-
gested that intracerebral spread of prions occurs by a domino-like
reaction to a conformational change in PrP [16]. Recent research
has also revealed that PrP can be transported axonally [17]. For
example, experimental inoculation of prions into the mouse retina
results in spongiform changes in the contralateral superior collicu-
lus and lateral geniculate nucleus [18,19]. Thus, the abnormal MRI
signals observed in the present case might reflect disease prop-
agation through dense corticocortical connections, including the
uncinate and superior longitudinal fascicles, by means of axonal
transport.

The stepwise progression of the disease noted in the present
case allowed us to examine the histopathology at different dis-
ease stages in the postmortem brain. The cortical swelling and T2
elongation observed in the early-stage MRI appears to correspond
to cellular dilatation with vacuolar inclusions. The atrophic cor-
tical areas observed in the chronic stage exhibited gemistocytic
astrocytosis with severe neuronal loss. The areas with abnormal
T2 signals did not correlate with the distribution of PrP deposi-
tions. Although MRI was clearly useful to track cortical disease
progression, it may be limited in sensitivity, particularly with the
T2-weighted sequence. Recent studies suggested that DWI pro-
vides higher sensitivity in detecting CJD lesions [5,20].

Masters and Richardson conducted neuropathological exami-
nation of 17 cases of CJD and found that the duration of illness
correlated positively with the degree of gliosis and neuronal loss
and negatively with the degree of spongiform change [21]. The
present case showed a similar tendency for gliosis and neuronal
loss, but spongiform changes did not decrease with advanced dis-
ease stage. The observed spongiform changes were different from
those observed in status spongiosus, as they were not in pericellu-
lar or perivascular distribution [21]. The electron microscopic study
was also consistent with this conclusion (Fig. 2K). Previous stud-
ies of CJD 180 also noted diffuse cortical spongiosis in advanced
disease stages [12,14,22] with only one case showing replacement
with tissue rarefaction (status spongiosus) [15]. Thus, persistent
spongiform pathology might be characteristic to CJD 180.

Despite the use of several methods to enhance the sensitivity
of the immunohistochemistry, deposition of PrP-immunoreactive
material was very scarce in either the swollen or the atrophic parts
of the cortex of our patient, Weak PrP immunoreactivity appears to
be a common findingin CJD 180 [12-15,22]. In particular, the case of
Yoshidaetal. is similar to ours in that PrP deposits werefoundin the
hippocampus, which was spared from spongiform degeneration
[15]. Dissociation between spongiform changes and PrPimmunore-
activity has also been reported in sporadic CJD [23] and other PrP
mutations including fatal familial insomnia [24]. Thus, it leads to
an important caveat in diagnosing CJD as it may manifest as severe
spongiform degeneration without PrP deposits. Further investiga-
tion is required to elucidate the role of PrP in CJD pathology.

Finally, our report highlights the potential of MRI for detecting
the cortical propagation of CJD. The stepwise progression of abnor-
mal cortical MR signals might suggest the role of axonal transport in
disease propagation. The new technique of diffusion tensor imaging
might prove useful for the detection of any fiber-tract involvement
inCJD [25].
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Treatment with intraventricular pentosan polysulphate (PPS) might
be beneficial in patients with Creutzfeldt-Jakob disease. We report a
68-year-old woman with sporadic Creutzfeldt-Jakob disease who
received continuous intraventricular PPS infusion (1-120 pg/kg/day)
for 17 months starting 10 months after the onset of clinical symptoms.
Treatment with PPS was well tolerated but was associated with a
minor, transient intraventricular hemorrhage and a non-progressive
collection of subdural fluid. The patient’s overall survival time was well
above the mean time expected for the illness but still within the normal
range. Post-mortem examination revealed that the level of abnormal
protease-resistant prion protein in the brain was markedly decreased
compared with levels in brains without PPS treatment. These findings
suggest that intraventricular PPS infusion might modify the
accumulation of abnormal prion proteins in the brains of patients with
sporadic Creutzfeldt—Jakob disease.
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Current options for the treatment of Creutzfeldt—
Jakob disease (CJD) do not slow or halt disease
progression. Treatment with pentosan polysul-
phate (PPS), a large polyglycoside molecule with
anti-thrombotic and anti-inflammatory properties,
administered intraventricularly to bypass the blood
brain barrier can both prolong the survival period
and reduce the extent of abnormal prion protein
(PrP) deposition in the brains of rodent prion
disease models (1). The safety and efficacy of
intraventricular PPS treatment in humans with
CJD, however, remains largely unknown (2-6). We
report a patient with sporadic CJD (sCJD) treated
with continuous intraventricular PPS administra-
tion starting 10 months after the onset of clinical

symptoms.

The patient was a 68-year-old woman with neither
a family history of prion disease nor previous
history of neurological disease. She had never
received cadaveric growth hormone injection, a
dura mater transplant, or a cornea transplant. She
noticed unsteadiness of gait and forgetfulness at
the age of 65 years. One month later, unsteadiness
and intellectual deterioration progressed and myo-
clonic jerks appeared. Cerebrospinal fluid analysis
was normal except for an increased concentration of
neuron-specific enolase (66 ng/ml, normal < 25)
and the presence of 14-3-3 protein. EEGs showed
periodic spike/slow-wave complexes (spike-wave
complexes). Diffusion-weighted MRI showed
abnormal high-intensity signals in the head of the
caudate nucleus, putamen and insular cortex.
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Figure 1. Sequential follow-up CT scans from 12 to 17 months after start of intraventricular PPS infusion. (A) Non-enhanced CT scan
12 months after start of intraventricular PPS infusion. Note the severe cortical and subcortical atrophy with enlargement of ventricular
system. (B) Non-enhanced CT scan 13 months after start of intraventricular PPS infusion. Note the subdural fluid collection and the
small sedimentation of blood in the left posterior horn. (C, D, E) Non-enhanced CT scan 14, 15, 17 months after start of intraven-
tricular PPS infusion, respectively. The blood sedimentation in the posterior horn disappeared next month and subdural fluid
collections were not progressing. No intraventricular hemorrhage was noted in scan E which was taken 7 days before death.

Genetic analysis of the PrP gene revealed methio-
nine homozygosity at codon 129 and no mutations.
The patient continued to deteriorate and became
doubly incontinent, bed-bound and mute. Five
months after the onset of symptoms, she developed
akinetic mutism. Seven months after onset, the
myoclonic jerks and spike-wave complexes disap-
peared. Ten months after onset, treatment with
intraventricular PPS administration commenced
under signed informed consent from her family.
She received implantation of a right ventricular
catheter and an epigastric subcutaneous drug infu-
sion pump (Archimedes; 20-ml reservoir, flow rate
0.5 ml/24 h; Codman & Shurtleff Inc, Raynham,
MA, USA). Using a reported protocol (5), infusion
of intraventricular PPS (SP 54; bene-Arzneimittel
GmbH, Munich, Germany) was started at
1 pg/kg/day, with subsequent escalation to the
dose of 60 pg/kg/day 7 months later, and to the
target dose of 120 pg/kg/day 15 months later,
which continued until she died. However, her
clinical condition did not improve and she still
displayed akinetic mutism. A series of brain CT
examinations demonstrated progressive brain atro-
phy, a transient intraventricular minor hemorrhage
atthetime of 13 monthslater, and a non-progressive
collection of subdural fluid until 7 days before death
(Fig. 1). Her clinical condition did not deteriorate
from the time of 12 to 16 months. Monthly blood
cell counts and coagulation measurements were
normal. Twenty-seven months after onset, at age
68 years, the patient died of pneumonia which
occurred 11 days before death and was aggravated.

Methods

Autopsy was performed within 2 h after death. The
right temporal pole of the brain was dissected out
and stored at —70°C. The other parts of the brain
were fixed in neutral buffered formalin. Sections of

representative areas of the brain were stained with
hematoxylin—eosin, Kliiver-Barrera and immuno-
histochemical methods.

Immunohistochemical staining

The following primary antibodies were used: anti-
phosphorylated a-synuclein (monoclonal; Wako,
Osaka, Japan), anti-phosphorylated tau (ATS,
monoclonal; Fitzgerald, Concord, MA, USA),
anti-amyloid B 1-42 (polyclonal; IBL, Takasaki,
Japan) and anti-PrP (3F4, monoclonal; Signet,
Dedham, MA, USA).

Prion protein analysis

Protease-resistant PrP was extracted from cerebral
tissues of this and other sCJD patients as previously
described (7). Samples were subjected to 13.5%
SDS-PAGE and transferred to polyvinylidene
fluoride membrane. 3F4 antibody was used as the
primary antibody. Anti-mouse EnVision (Dako,
Glostrup, Denmark) was used as the secondary
antibody. Enhanced chemiluminescence detection
(Amersham Bioscience, Little Chalfont, UK) was
used to visualize Western blots. The signal intensi-
ties of the blots were quantified with Quantity One
software using an imaging device, Vasa Doc 5000
(Bio-Rad Laboratories, Hercules, CA, USA) (7).
For quantitative comparison of protease-resistant
PrP levels, we initially analyzed 10-fold diluted
samples derived from 0.5 mg wet-weight brain
tissue from the temporal pole to identify suitable
dilutions. For controls, we included frontal lobe
tissues from three sCJD patients (all homozygous for
methionine at codon 129 of the PrP gene) not treated
with intraventricular PPS infusion: two with a type 1
pattern of protease-resistant PrP signals in Western
blot analysis (sCJD MMI1) whose brains were
uniformly, severely atrophied similarly to the
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patient’s brain, and one with cortical-type sCJD and
a type 2 pattern (sCJD MM2C).

Results
Post-mortem neuropathology

The unfixed brain weighed 660 g and showed
walnut-shaped severe atrophy. A massive intra-
ventricular hematoma was present. The shape of
blood cells in the hematoma was completely
preserved, with no infiltration by reactive cells
such as macrophages and glial cells. The PPS
infusion catheter had been correctly inserted into
the right lateral ventricle, and the source of
hemorrhage could not be identified. There was
extensive, symmetrical cortical atrophy, but the
hippocampi were relatively spared.

Microscopy demonstrated extensive neuronal
loss and spongiosis in most areas of the cerebral
cortices, with collapsed cytoarchitecture. Axonal
loss with secondary myelin loss was present in the
central white matter, accompanied by a cellular
reaction containing both astrocytes and microglial
cells throughout the areas of myelin damage. There
was widespread gliosis in the basal ganglia, thalami
and cerebellar molecular layer. The cerebellar
granular layer showed marked neuronal loss with
gliosis and axonal loss, accompanied by secondary
myelin loss in the cerebellar white matter. Lewy
bodies, amyloid plaques and neurofibrillary tangles
were not observed. PrP staining showed a wide-
spread synaptic pattern in the cerebral cortices,
basal ganglia and thalami. Synaptic staining was
also present in the molecular layer of the cerebel-
lum, with intense coarse deposits in the granular
layer. No plaque-like PrP deposits were identified
in any brain regions. The findings were consistent
with the diagnosis of sCJD. There was no laterality
in the extent of the neuronal loss, spongiosis,
gliosis or synaptic PrP deposition.

Prion protein analysis

Western blot analysis of protease-resistant PrP
showed a type | pattern (Fig. 2) identical to those
of the two classical sSCJD MMI1 cases. Protease-
resistant PrP levels were 1/3 to 1/8 of those in the
sCJD patients with no intraventricular PPS treat-
ment.

Discussion

Here, we present a patient with sCJD who was
treated with intraventricular PPS for 17 months.
The PPS dose of 120 pg/kg/day was well tolerated
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Figure 2. Comparative Western blot analysis of protease-
resistant PrP. Protease-resistant PrP is categorized into three
types based on the pattern of glycoform and mobility of PrP
bands in Western blot analysis. Protease-resistant PrP, type 1,
from the brain of this patient (threefold-diluted, lane 2) and
three control subjects with sCJD: lane 1, 30-fold-diluted brain
sample from an sCJD MM1 subject (65-year-old woman with a
survival time of 11 months); lane 3, 20-fold-diluted brain
sample from another sCJD MM!1 subject (74-year-old woman
with a survival time of 16 months); and lane 4, 40-fold-diluted
brain sample from an sCJD MM2C subject. An unglycosylated
PrP band from this patient (lane 2, arrowhead) mapped slightly
lower than those in the other sCJD MMI subjects (lanes 1 and
3). We normalized signal intensity to the band in lane 2
(100/mm?). After dilution powers were also considered, the
corrected signal intensities for lanes 1, 3 and 4 were 680,/mm?
300/mm? and 770/mm?, respectively.

s

but was associated with a minor, transient intra-
ventricular hemorrhage and collection of subdural
fluid. A fresh intraventricular hematoma found
during autopsy probably occurred at the agonal
stage, because blood cell shape was preserved and
there was no inflammatory cell infiltration. More-
over, this intraventricular hematoma is unlikely to
alter the patient’s clinical course, because pneumo-
nia which occurred 11 days before death was
rapidly aggravated to respiratory failure responsi-
ble for her death, and no intraventricular hemor-
rhage was detected on CT scan 7 days before
death.

Pentosan polysulphate is a candidate anti-prion
compound that has shown efficacy in animal
models (1, 8, 9), and has been administered by
intraventricular infusion in several patients (2-6).
Thrombocytopenia and abnormal coagulation can
occur occasionally with PPS but did not occur in
our patient. A minor, transient intraventricular
hemorrhage and a non-progressive collection of
subdural fluid appeared during PPS treatment but
did not influence clinical progression. These
findings may have resulted from a pressure imbal-
ance within the intraventricular or subdural spaces
caused by PPS infusion, although this speculation
requires further proof. Overall, a PPS dose of
120 pg/kg/day seems well-tolerated and does not
cause major adverse effects in CJD patients (2-6).
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