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Abstract Lewy bodies, the histologic hallmark of Parkin-
son’s disease (PD), are detected in the brains of about 10%
of clinically normal people over the age of 60 years. When
Lewy bodies are found in normal individuals, the process is
sometimes referred to as incidental Lewy body disease
(iLBD). The distribution of Lewy bodies in iLBD is similar
to the distribution in PD, but neuronal populations vulnera-
ble to Lewy bodies do not show significant neuronal loss in
iLBD. It remains unknown if Lewy bodies in this setting
represent pre-symptomatic PD or an age-related change
unrelated to PD. To address this question we identified
cases of iLBD and used a marker for dopaminergic and nor-
adrenergic neurons, tyrosine hydroxylase (TH), to deter-
mine if there were changes similar to those found in PD.
TH immunoreactivity in the striatum and the epicardial
nerve fibers was decreased in iLBD compared to normal
controls, but not to the same extent as in PD. The findings
suggest that iLBD is preclinical PD and that the lack of
symptoms is due to subthreshold pathology.
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Introduction

Neuronal loss and «-synuclein immunoreactive Lewy bod-
ies in vulnerable neuronal populations, such as the substan-
tia nigra, are the histopathologic hallmarks of Parkinson’s
disease (PD) [23, 30]. Lewy bodies are also detected in the
brains of clinically normal people. It has been known for
several decades that as many as 8—12% of normal individu-
als over age 60 years have Lewy bodies in brainstem nuclei
with routine histologic methods, which is often termed
coincidental or incidental Lewy body disease (iLBD) [19,
22]. In prospective studies of normal aging using modern
immunohistochemical methods the frequency is the same
[6, 34, 35]. When cases with dementia are also included the
frequency increases to over 30% [31]. The affected brain-
stem nuclei in asymptomatic elderly individuals are the
same as those affected in PD [17]. It remains unknown if
Lewy bodies in this setting represent pre-symptomatic PD
or an age-related change unrelated to PD, but the frequency
of iLBD is approximately ten times the frequency of clini-
cal PD [18].

Analysis of the topography of Lewy bodies in a large
cross-sectional study led Braak and co-workers to hypothe-
size that the neurodegenerative process in PD may begin in
the lower brainstem and the anterior olfactory nucleus [12,
16]. In this staging scheme, midbrain dopaminergic and
basal forebrain cholinergic neurons, which are implicated
in motor and cognitive dysfunction characteristic of PD, are
affected only at a middle stage of PD, while the end stage is
characterized by involvement of cortical neurons [12].
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Anatomical regions not specifically addressed in the origi-
nal staging scheme are the spinal cord and autonomic ner-
vous system, yet both are known to be affected in PD [44,
45], and more recent iterations of the staging scheme incor-
porate these areas, as well [13, 14]. Several studies have
noted Lewy bodies or a-synuclein immunoreactive neurites
in the spinal cord and autonomic nervous system in iLBD
[8, 21, 33], suggesting that spinal cord and autonomic ner-
vous system may be affected at a relatively early stage of
PD, if indeed iLBD is pre-symptomatic PD.

In PD, Lewy bodies are accompanied by neuronal loss
and gliosis, as well as evidence of degeneration of distal
nerve termini in target regions of vulnerable neurons; the
best studied being the nigrostriatal dopaminergic neurons.
Specifically, there is neuronal loss and gliosis in the pars
compacta of the substantia nigra and evidence from both
clinical imaging methods and postmortem pathologic stud-
ies of degeneration of dopaminergic nerve termini in the
striatum [4, 11, 15, 16, 24, 28].

If the staging scheme proposed by Braak is correct, non-
motor, non-dopaminergic symptoms should precede motor
symptoms. In particular, one might predict that early PD
may be characterized by autonomic dysfunction, olfactory
dysfunction and sleep disorders, given the role that lower
brainstem monoaminergic nuclei, as well as spinal and
enteric ganglia have in these processes. It is of interest that
epidemiologic studies indicate that autonomic symptoms
may precede clinical PD by as much as 12 years [1, 2].
Constipation is a common problem in PD, and it can ante-
date extrapyramidal symptoms by years [1]. Investigation
of the gastrointestinal tract in PD reveals Lewy bodies and
a-synuclein neurites in the enteric plexus [13, 46]. A sleep
disorder that may be a harbinger of PD is rapid eye move-
ment sleep behavior disorder (RBD), another condition that
may antedate PD by decades [42]. The RBD syndrome
appears to have its anatomic origins within lower brainstem
nuclei that are consistently affected in PD [9] Olfactory
dysfunction is common in PD [27], and it may precede
overt motor symptoms [7]. A recent report has indicated
that both RBD and olfactory dysfunction may be associated
with preclinical PD [43].

Imaging of sympathetic nerve fibers in the heart is possible
with '2I-meta-iodobenzylguanidine (MIBG) scintography
[25, 38, 40]. These studies show that cardiac denervation
occurs early in PD. In a recent case report, a patient with
abnormal MIBG cardiac scintography had Lewy bodies in
autonomic ganglia [36]. Another study has documented
abnormalities of MIBG cardiac scintography in patients
with RBD [37].

If iLBD is preclinical PD, it is predicted that there
should be measurable differences between normals with
and without Lewy bodies, but that the changes in iLBD
would be less than those found in PD. One means of
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assessing the impact of Lewy body pathology on dopami-
nergic and sympathetic noradrenergic neurons is to assess
the integrity of these neurons in their target regions. For
this purpose we used immunohistochemistry for tyrosine
hydroxylase (TH) [26]. It is well established that TH is the
rate-limited enzyme in dopamine and norepinephrine syn-
thesis and that immunostaining for TH can be used to study
these systems [4, 16, 26]. In this report we describe evi-
dence that iLBD has features consistent with preclinical PD
in that there are measurable decreases in TH immunoreac-
tivity in both the autonomic nervous system in the heart and
the dopaminergic nerve termini in the striatum compared to
in normals without Lewy bodies, but that the degree of
decrease is less than that found in PD.

Materials and methods
Case material

Cases of iLBD were identified from a series of clinically
normal individuals who had been followed at the Mayo
Clinic and subsequently had autopsy, with tissue available
for further study from the Mayo Clinic Rochester Tissue
Registry. All iLBD and normal control cases were 60 years
of age or older at death without clinical evidence of parkin-
sonism, tremor, dementia or any other central nervous sys-
tem disorder. Cases were only included if they had medical
record documentation of several medical contacts during
the last 5 years of life and postmortem delays of less than
24 h. Inclusion and exclusion criteria are described in detail
in a previous report [33]. The clinical histories were
reviewed blinded to pathologic findings to capture cases
that were neurologically normal and who had at least one
clinical examination within 1 year of death. Cases of PD
were also identified from the Tissue Registry of the Mayo
Clinic. They met similar inclusion and exclusion criteria,
except that they all had clinically probable PD [29] and had
been followed in the movement disorder clinic.

Tissue blocks were prepared from archival formalin-
fixed brain, spinal cord and heart tissue and embedded in
paraffin. Not all regions were available on every case.
Alzheimer type pathology was assessed with thioflavin-S
fluorescent microscopy, and a Braak neurofibrillary tangle
(NFT) stage was assigned to each case. Senile plaques were
also assessed with thioflavin-S fluorescent microscopy and
scored on a 4-point scale: 0 = none; 1 = sparse non-neuritic
plaques; 2 = moderate to many diffuse plaques; 3 = moderate
to many plaques, with at least some being neuritic in type.
To detect iLBD cases, sections of cingulate gyrus, basal
forebrain, midbrain, pons and medulla were screened for
a-synuclein pathology. Immunohistochemistry for ¢-synuclein
employed a polyclonal antibody (NACP9S8; 1:3000) after
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antigen retrieval in 80% formic acid and steam treatment.
The sections were processed in batches to assure uniformity
in a DAKO Autostainer with the EnVision HRP-rabbit
system. The chromogen was 3,3’-diaminobenzidine.

Striatal TH immunoreactivity

Immunofluorescence staining for TH was performed fol-
lowing pretreatment of sections with 5 mM proteinase K.
Sections were blocked in all-purpose blocking serum and
incubated overnight at 4°C with a polyclonal antibody to
TH (1:600, Affinity Bioreagents, Golden, CO, USA). The
secondary antibody was conjugated to a fluorochrome
(1:300; Alexa Fluor568; Invitrogen Corp, Carlsbad, CA,
USA). Sections were immersed in a solution of 1% Sudan
Black B to block autofluorescence. Consistent and rela-
tively uniform TH immunoreactivity was detected in these
paraffin-embedded archival tissue samples, apparently
unaffected by tissue thickness and other factors that have
plagued studies with other antibodies to TH [3].

Fluorescent image analysis was performed using an
Olympus BX50 microscope with an Olympus DP70 digital
camera. For each case five non-overlapping images were
captured from the putamen at high magnification. Images
were taken from areas of the putamen that did not include
internal capsule, fascicles of corticobulbar and corticospi-
nal tracts or external capsule. Images were captured for the
mid-putamen at a level that included the anterior commis-
sure in the same section. The images were converted to
monochrome gray scale and subsequently analyzed blinded
to clinical and pathologic information using MetaMorph
software (Molecular Devices, Sunnyvale, CA, USA),
which measures pixel intensity after individual threshold
adjustments were made to maximize signal-to-noise ratio.
TH immunoreactivity was expressed as the ratio of immu-
noreactive pixels to the total pixels of the entire field. The
final value for each case was the average of five fields.

Heart TH immunoreactivity

A previous anatomical study indicated that the greatest
TH-immunoreactive nerve fiber density was in the anterior
wall of the left ventricle [32] and therefore this region was
sampled. Sections from the anterior left ventricle near the
anterior descending artery were embedded in paraffin and
analyzed as recently reported [20]. Given the retrospective
nature of this study, heart tissue was not available on all
cases. Immunohistochemistry for TH used the same anti-
body as above and immunoperoxidase methods similar to
those used to detect a-synuclein.

Using a light microscope (Olympus BX41) TH-immuno-
reactive nerve fibers in the epicardium were semi-quantita-
tively analyzed blinded to clinical and pathological

diagnoses. All fascicles in the epicardium in a given section
were scored. A score was assigned as follows: 0 = absent or
nearly absent; 1 = sparse; 2 = moderate; 3 = abundant. The
number of fascicles varied from case to case (average:
22 £ 10). The average of the scores for all observed epicar-
dial nerve bundles was used for statistical analyses.

Assessment of neuronal loss

Sections of midbrain, pons and medulla were scanned with
Aperio ScanScope CS (Aperio Technologies, Vista, CA,
USA), which permitted scanning the entire slide containing
the regions of interest (ventrolateral tier of the pars com-
pacta, locus ceruleus and dorsal motor nucleus of the
vagus). The regions of interest were identified and delin-
eated using ImageScope software, and the area was calcu-
lated and expressed in pm?. All neurons in the region of
interest, which had to have a nucleus in the plane of section,
were then counted. The number of neurons was divided
by the area to give an estimate of neuronal density for
the nucleus. Given the retrospective and archival nature of
the tissue samples, it was not possible to take into account
tissue shrinkage. Consequently, estimates of neuronal
density must be interpreted with caution.

Statistical methods

Statistical analyses were performed utilizing SigmaStat for
Windows Version 3.0.1a (Systat Software, Inc. Point Rich-
mond, CA, USA). Differences between normal, iLBD and
PD that were normally distributed were assessed using one
way repeated measures analysis of variance, followed by
pairwise comparisons using Tukey Test. Chi-square analysis
was used to compare sex differences and Mann—Whitney
Rank Sum test to compare Braak PD stages. Correlations
between pathologic variables were assessed with Spearman
Rank Order Correlation analysis. A P < 0.05 was considered
significant.

Results

Table 1 summarizes the clinical and pathologic features of
iLBD compared to normals and PD. The PD cases had
average disease duration of clinically overt parkinsonism of
about 12 years, while controls and iLBD cases had no neu-
rologic disorders. The iLBD cases (N = 12; six men) ranged
in age from 62 to 95 years of age (mean 78 £ 11 years) and
were similar in age and not significantly different in sex dis-
tribution compared to the normal controls (N = 17; 12 men;
77 £ 7 years; range: 67-97 years) and PD cases (N = 16;
14 men; 78 £ 6 years; range 66-91 years). Given the strict
inclusion and exclusion criteria employed in this study, the
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Table 1 Summary of demographics and pathologic results

Normal (n =17) iLBD (n=12) PD (n=16)
Age at death (years) 777 77+ 11 78+ 6
Sex (M:F) 12:5 6:6 14:2
Braak NFT stage (0-6) 2+03 2+0.5 2+0.3
Senile plaque score (0-3) 0.7+0.2 0.8 £0.2 0.6 £0.2
Braak PD stage (0-6) - 3+0.3 4+402°
Neuronal density (pmz)
Dorsal motor nucleus of vagus 89 +8(n=12) 75+£6(n=9) 44 £ 5% (n = 11)
Locus ceruleus T7T+£7(n=13) 54+ 6*(n=12) 20+ 1% (n=11)
Substantia nigra 83+ 12(m=11) 63+4(n=9) 18 £5*® (n=11)

Putamen TH immunoreactivity (% area)

Cardiac TH immunoreactivity (average score)

11£03n=11)
2.7 £0.05 (n=4)

2405 (n=11)
1.1+0.1*(n=14)

8+ 03" (n=12)
1.6+£0.1*(n=11)

Age—mean = standard deviation; all others—mean =+ standard error of the mean. Number of observations are given in parentheses

# P <0.05 compared to normal
b P <0.05 compared to iLBD

cases and controls tended to have minimal or no Alzheimer
type pathology, with average Braak NFT stages of II. The
number of senile plaques was variable, but none of the
cases had neuritic plaques in association cortices indicative
of Alzheimer’s disease. The three groups (iLBD, PD and
normal controls) did not differ in any of these parameters.

The normal cases had no Lewy bodies, while iLBD
cases had a small number of Lewy bodies in one or multiple
brain regions; some had sparse Lewy bodies in the limbic
or temporal cortices. The average Braak PD stage for iLBD
was 2.7 £ 0.3. In contrast, PD cases had more numerous
Lewy bodies in all regions and had a significantly higher
Braak PD stage (4.4 & 0.3; mean =+ standard error of the
mean).

The neuronal densities in iLBD were less than in normal
controls in the three regions studied (dorsal motor nucleus
of the vagus, locus ceruleus and substantia nigra); but this
reached statistical significance only in the locus ceruleus.
As expected, neuronal densities in all three regions were
significantly reduced in PD compared to both iLBD and
normals. When all cases were considered together, there
was strong significant inverse correlation (P < 0.001)
between Braak PD stage and neuronal densities in the three
regions (dorsal motor nucleus, r=—61; locus ceruleus,
r=—0.75, substantia nigra, r = —0.62). These correlations
were significant in the dorsal motor nucleus and locus ceru-
leus when considering only cases with Lewy bodies (dorsal
motor nucleus, r= —45; locus ceruleus), with a trend
(P =0.07) for the substantia nigra (r = —0.41).

Striatal TH

Immunofluorescence for TH revealed a dense plexus of
fine, sometimes beaded, neurites in the putamen (Fig. 1).
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The immunoreactivity was noticeably decreased in most
PD cases, while some iLBD cases had more subtle
decrease. The origin of these fibers in the putamen is the
dopaminergic neurons of the pars compacta of the substan-
tia nigra, which were severely depleted in PD and much
less so in iLBD (Fig. 2 and Table 1). Immunohistochemis-
try for TH was significantly decreased in the terminal neu-
ronal processes of dopaminergic nigrostriatal neurons in the
striatum in PD compared to both iLBD and controls. The
TH immunoreactivity in iLBD was less than in normals,
but this did not reach statistical significance (Fig.2 and
Table 1). When all cases were considered together, there
were strong correlations (P < (0.001) between striatal TH
immunoreactivity and both substantia nigra neuronal den-
sity and Braak PD stage (substantia nigra neuronal density,
r=0.74; Braak PD stage, r= —0.89). Statistically signifi-
cant correlations (P < 0.01) were also detected for striatal
TH immunoreactivity when considering only cases with
Lewy bodies (substantia nigra neuronal density, = 0.80;
Braak PD stage, r = —0.60).

Epicardial sympathetic fiber TH

Immunohistochemistry for TH revealed diffuse staining of
epicardial nerve fibers (Fig. 1). The immunoreactivity was
decreased in a larger proportion of fibers in PD than in
iLBD, while most fibers in normals had at least some TH
immunoreactivity. The origin of these fibers is the post-
ganglionic sympathetic neurons of the stellate ganglia.
Given that the heart tissue was obtained from archives of a
general autopsy service, sympathetic ganglia were not
available for study; thus, it was impossible to assess the
integrity of the cells of origin. Nevertheless, epicardial TH
immunohistochemistry showed a significant decrease in
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Fig. 1 Tyrosine hydroxylase
immunofluorescence in putamen
in normal (a), iLBD (b) and PD
(¢). TH immunohistochemistry
in epicardial nerve fibers in
normal (d), iLBD (e) and

PD (f)

both PD and iLBD compared to normal controls (Fig. 2
and Table 1). The decreases in iLBD were intermediate
between normals and PD, but not statistically different from
PD. Heart tissue was not available on all cases, particularly
for normal controls. When all cases were considered
together, there was a strong correlation between cardiac
TH immunoreactivity and Braak PD stage (r= —0.75,
P <0.001). A statistically significant correlation (P < 0.01)
was also detected for cardiac TH immunoreactivity and
Braak PD stage when considering only cases with Lewy
bodies (r = —0.61).

Discussion

The present results, as well as previous results from studies
of the spinal cord in iLBD [14, 33], indicate that Lewy bod-
ies that are found in clinically asymptomatic elderly indi-
viduals are not confined to the brainstem. In fact the Braak
PD stage, which was based on the distribution rather than
the density of Lewy bodies in the present study, was only
marginally different in iLBD compared to PD (median PD
stage 3 vs. stage 4 for PD). On the other hand, the density
of Lewy bodies in most areas was significantly greater in
PD than in iLBD (not shown). The intermediate degree of
pathology between normals and PD suggests that iLBD
represents preclinical PD, rather than a nonspecific aging
phenomenon. An alternative hypothesis that cannot be dis-
pelled given the available evidence is that individuals with
iLBD have inherent deficiencies in nigrostriatal dopaminer-
gic and cardiac sympathetic innervation, as well as lower
populations of neurons in vulnerable brainstem nuclei, and
that these observations are unrelated to Lewy body pathol-
ogy; but this seems unlikely.

The evidence of nigrostriatal dopaminergic TH immuno-
reactivity intermediate between normal and PD fits with pre-
vious studies that showed reduced nigral neuronal counts
in iLBD compared to normal controls [41]. A recent study
using an enzyme-linked immunoassay to measure TH
immunoreactivity has also shown decreases in striatal TH in
iLBD, similar to the results in the present study based upon
image analytic methods [5]. In the present study, we did not
detect statistically significant neuronal loss in iLBD cases in
the dorsal motor nucleus of the vagus or substantia nigra
compared to normals, but in all regions the average neuronal
density tended to be lower, and in the locus ceruleus it
reached statistical significance. The neuronal density mea-
sure used in the present study may not be the most accurate
reflection of absolute neuronal counts, but given the retro-
spective nature of the analysis, it was impossible to perform
counting with an unbiased stereologic method. The findings
in the present study suggests that striatal dopaminergic defi-
ciency occurs relatively early in the disease process at a time
when there is not yet significant neuronal loss in the substan-
tia nigra. This might indicate that initial pathology in the
nigrostriatal dopaminergic pathway is in the distal termini of
neurons projecting from the substantia nigra.

If indeed iLBD represents pre-symptomatic PD, the pres-
ent results suggest that pathology in target zones of dopami-
nergic nerve fibers in the striatum and sympathetic nerve
fibers in the heart are apparently below a threshold that
would be symptomatic. The average decrease in TH in the
striatum was about 30% of control levels. This level of
reduction is less than the minimum decrease of 50% required
for symptomatic PD, which is based upon calculations derived
from imaging dopamine with positron emission tomography
[10, 24, 28]. The subthreshold decreases in iLBD may
account for the absence of parkinsonian symptoms. In
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Fig. 2 Comparison of iLBD to age-matched normals and PD patients
with respect to substantia nigra neuronal density (a), TH immunofiuo-
rescence in the putamen (b) and TH immunohistochemistry in the epi-
cardial nerve fibers (c¢). In all measures iLBD is intermediate between
normals and PD, and TH immunoreactivity in both striatum and epi-
cardium are statistically different from normals. Box plots show medi-
an and 25th and 75th percentiles, with whiskers showing 5th and 95th
percentiles. Superimposed are point plots for all data

contrast to iLBD, the PD cases exceeded this threshold
(nearly 80% lower than normals), as might be expected
in patients with moderately advanced to advanced PD.
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In the PD-staging scheme proposed by Braak and co-
workers the earliest pathological changes in the central ner-
vous system are in the caudal brainstem, with absence of
pathology in the substantia nigra. In the present study, some
iLBD cases with stages 1-2 had decreased density of TH-
immunoreactive nerve fibers in the epicardium. This result
fits with a recent study by Orimo and co-workers who
reported that 6 of 11 cases with PD Braak stage 2 had car-
diac sympathetic denervation [39]. To the best of our
knowledge, the partial cardiac sympathetic denervation
detected in iLBD was not associated with cardiac dysfunc-
tion, although several iLBD cases (as well as PD cases) had
cardiac arrhythmias. Given the prevalence of arrhythmias
in the elderly, this finding was not statistically significant.
In addition, none of the iLBD cases had clinical evidence
of PD, as documented by careful review of the medical
records, providing further evidence that cardiac sympa-
thetic denervation occurs before symptomatic parkinsonism,
at least in some patients.

Involvement of the peripheral autonomic nervous system
is not taken into consideration in the original Braak PD
staging scheme, but central autonomic nuclei in the caudal
brainstem are proposed as targets of some of the earliest
pathology [12]. It is becoming increasingly clear that the
peripheral autonomic nervous system is affected early in the
disease course and often before parkinsonian signs. Previ-
ous studies of iLBD cases have also documented peripheral
autonomic involvement [8, 13, 21]. These results support
previous notions that o-synuclein pathology may involve
spinal cord and peripheral autonomic nervous system at
about the same time that Lewy bodies are initially detected
in the medulla. It is worth noting, however, that in a num-
ber of individuals with iLBD, a-synuclein pathology was
detected simultaneously in multiple regions of central and
peripheral nervous systems. Such cases might suggest that
rather than a step-wise progression, a-synuclein pathology
may be a multicentric process from it earliest stages.

There are several possible explanations for the interme-
diate values we found for iLBD between normals and PD.
First, iLBD may represent a disorder that would have even-
tually progressed to PD had the person lived longer. On the
other hand, if the rate of degeneration in iLBD is much
slower than in PD, it is possible that within the maximum
human lifespan it might never be symptomatic. Second, it
may reflect a progressive process that was aborted and
essentially a static finding. Third, it may reflect a single fac-
tor in a disorder requiring multiple converging factors to
become clinically manifest.
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