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Abstract

Non-motor manifestations of Parkinson’s disease (PD) can begin well before motor PD begins. It
is now clear, from clinical and autopsy studies, that there is significant Lewy type alpha-
synucleinopathy present outside the nigro-striatal pathway, and that this may underlie these non-
motor manifestations. This review will discuss neuropathological findings that may underlie non-
motor symptoms that either predate motor findings or occur as the disease progresses.
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Non-motor manifestations of Parkinson’s disease (PD) can begin well before motor PD
begins. The concept of a prodromal stage of PD has been discussed in many reviews, 2 and
it is the non-motor signs that have led to this concept. It is important to gain a better
understanding of these non-motor signs and symptoms as they have a significant impact on
quality of life and they may be critical to defining an at-risk population for future PD
prevention trials.

It is now clear, from clinical and autopsy studies, that Lewy type a-synucleinopathy (LTS) is
never restricted to the nigrostriatal pathway, and that non-motor manifestations of PD likely
arise from a diverse neuroanatomical distribution of LTS. This review will begin with the
neuropathological findings that may underlie the non-motor manifestations of prodromal PD
then discuss those that are seen in individuals with motor PD. It should be noted that as
neuropathological methods differ greatly between laboratories (including tissue preparation,
antibodies used, staining techniques, etc.) comparing studies can be difficult.3
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Prodromal Parkinson’s Disease

Incidental Lewy body disease

There are a number of disorders that are neuropathologically found to be a-
synucleinopathies. These include PD, dementia with Lewy bodies (DLB), multiple system
atrophy (MSA), and primary autonomic failure (PAF). Additionally, it is clear from autopsy
studies that 10-30% of autopsied elderly with no clinical signs of motor parkinsonism or
dementia have LTS in the brain, and this has been called incidental Lewy body disease
(ILBD).*-6 Subjects with ILBD may have been in the prodromal stage of a clinically
manifest a-synucleinopathy, and thus, had they lived longer, may have gone on to develop
PD, MSA, or DLB. Evidence to suggest that ILBD is prodromal PD includes the finding of
an approximately 50% decrease in striatal dopaminergic markers as well as significantly
decreased numbers of substantia nigra pigmented neurons.”~19 A reduction in epicardial
tyrosine hydroxylase activity has also been found.1! Autopsy studies of ILBD therefore offer
a critical opportunity to map the whole-body distribution of clinically prodromal LTS and
relate this to non-motor prodromal signs and symptoms. Additionally, longitudinal
clinicopathological studies of ILBD that incorporate premortem biomarker studies of normal
elderly control populations with eventual neuropathological diagnosis may identify markers
valuable in identifying prodromal PD.

Autopsy studies have documented the distribution of LTS in both the CNS and PNS of
elderly subjects.# 6 12-15 Our original CNS-wide survey of 417 autopsy cases,* as well as
our (unpublished) accumulated data since then (766 brain-only autopsies and 466 whole-
body autopsies with brain) from the Arizona Study of Aging and Neurodegenerative
Disorders (AZSAND) indicate that the olfactory bulb is most likely to be the first-affected
brain or body region, with 52 cases for which it was the sole affected site. In comparison, the
amgydala (2 cases), locus ceruleus (10 cases) and dorsal medulla (5 cases) are much less
frequently the sole site. There were no cases with substantia nigra as the sole affected site.
We do not have a single case in which LTS was present in a peripheral (body) region but not
in the CNS, arguing against Braak’s hypothesis that LTS begins in the Gl tract. Of 55
autopsied subjects with ILBD, 20% were classified as Stage | (Olfactory Bulb Only), 42%
were Stage Ila (Brainstem Predominant), 14% were stage 11B (Limbic Predominant), 22%
were Stage |11 (Brainstem and Limbic) and 2% (1 case) was Stage 1V (Neocortical),
according to the Unified Staging System for Lewy Body Disorders.# In our original study
mapping the peripheral distribution of LTS in ILBD,2 we found the sympathetic ganglia
affected in 50% of cases, the vagus nerve (not the dorsal motor nucleus of the vagus which is
in the brainstem) in 33% of cases and the gastrointestinal tract in 14% and these percentages
have not significantly changed with subsequent autopsies (unpublished data). Notably,
however, one other respected group has found, in a small percentage of cases, LTS affecting
solely the paraspinal peripheral sympathetic ganglia.13

By definition, autopsied subjects with ILBD should not have had PD or dementia while
alive. One study has shown that there were no clear motor or cognitive differences between
ILBD and control subjects.8 However, the neuropathological and neurochemical findings
may have other clinical correlates. The presence of LTS in the olfactory bulb appears to
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underlie the hyposmia/anosmia seen in PD and also in ILBD.# This concurrence of clinical
and pathological findings has been shown in multiple studies of ILBD"- 18 and PD.15. 19, 20

Some non-motor findings in ILBD and PD may be due to peripheral LTS, but at present
there are still insufficient numbers of subjects with whole-body autopsies to clearly
distinguish the relative contributions of CNS and peripheral LTS. The evidence to date for a
peripheral contribution, however, will be reviewed here.

A common non-motor finding in both PD and ILBD is constipation. In a study of 245
autopsied men, those with less than one bowel movement per day were 4.3 times more likely
to have ILBD, as compared to those with greater than one bowel movement per day.?! In a
study of LTS in the gastrointestinal (GI) tract of ILBD subjects, only 1/4 had LTS staining in
the colon, and there was no loss of enteric neuronal cell bodies.2? Additionally, LTS is often
present in the spinal cord in ILBD and it is possible that this also underlies the constipation
seen in ILBD.12.13,23-25

REM Sleep Behavior Disorder

REM sleep behavior disorder (RBD) is a sleep disorder characterized by lack of atonia
during REM sleep. Multiple studies have shown that RBD is more common in PD than
controls with up to 65% of PD patients having RBD.26-29 Additionally, idiopathic RBD
appears to be a strong risk factor for the development of PD or DLB. Of great interest has
been the finding of many non-motor features of PD in the RBD population. Hyposmia is
present in RBD and those with both RBD and hyposmia appear to progress to PD or DLB at
a faster rate.28: 30-32 A second non-motor finding in PD that is also found in RBD is an
abnormality in color vision.28 30 This may well be due to the presence of synucleinopathy in
the retina,33 34

The neuropathology underlying RBD is consistent with it being a synucleinopathy. In the
few autopsy studies of idiopathic RBD published to date, the presence of LTS suggests a
pathologic role. In a multi-center study of the neuropathology underlying RBD, a recent
study showed that 93% of 172 autopsied cases that had RBD had either pathologically
defined PD or DLB (79%), or MSA (11%).3° Of those without synucleinopathy six had AD
and two had PSP.35 Most recently it was reported that of 81 autopsied PD subjects 40 had
probable RBD.3¢ The PD + RBD cases had an increased synuclein density in 9/10 regions
studied, including both subcortical and cortical regions.36 This may suggest that RBD in PD
cases may be related to a diffuse and extensive, rather than localized, distribution of CNS
synuclein pathology, although as RBD may begin decades prior to death, precise anatomical
correlations require further studies of RBD cases without other neurodegenerative
disorders.36

Parkinson’s Disease

As described above, LTS can be present in multiple organs outside of the brain, including
the heart, Gl tract, submandibular gland and skin, and this may play a role in the non-motor
complications. Additionally, LTS in the spinal cord is present at all levels and may play a
role in some of the non-motor findings in PD as well.12: 13, 23-25,37
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As discussed above there are numerous papers that have provided evidence for hyposmia in
PD, including pathologically confirmed PD.17-20 One hypothesis is that LTS in the olfactory
bulb may be the underlying pathology for the hyposmia, while other papers have found a
central pathology including LTS in regions of the primary olfactory cortex. 15 38

Constipation

Dysphagia

Much has been written in the past few years regarding LTS in the colon, but there have been
conflicting reports. As almost all studies have used differing methods and there have been
very few replication studies, it is difficult to come to clear conclusions. Findings that have
been replicated by multiple groups include a rostral-caudal Gl tract gradient of LTS and a
greater LTS involvement of the intermyenteric plexus, as compared to the submucosal
plexus.12:22.39-42 One study reported a correlation of colonic LTS with constipation39 while
another did not.22 Within the CNS there is LTS involvement and neuronal loss in the dorsal
motor nucleus of the vagus early in PD and this may also underlie constipation.*3 Finally,
LTS in the spinal cord,12: 23. 42 jncluding the recent findings in the lateral collateral pathway
of the sacral spinal dorsal horn, could explain constipation as well.13: 23-25. 37 |t wiill take
many more whole-body autopsies to determine the relative contributions of central and
peripheral nervous system pathology to constipation in PD.

While likely a motor aspect of PD recent data suggests that the pathology that underlies
dysphagia may be peripheral rather than central. In small studies of PD cases with and
without dysphagia as well as controls, the PD cases with dysphagia had denervated and
atrophied muscle fibers, fiber type grouping, and fast-to-slow myosin heavy chain
transformation.#4 There was also a higher density of LTS in the pharyngeal nerves in PD
cases with dysphagia®® as well as axonal LTS in pharyngeal sensory nerves of all PD cases,
and not controls, and a higher LTS density in the internal superior laryngeal nerve as
compared to the glossopharyngeal nerve or pharyngeal sensory branch of the vagus nerve.46
Further autopsy research with larger numbers of subjects is needed.

Urinary Urgency and Frequency

While there has been little data to suggest LTS is present at high frequency in the bladder
itself,12: 47 spinal cord involvement,12: 13, 23-25. 42 jncluding a recent study finding LTS in
the lateral collateral pathway of the sacral spinal dorsal horn, could explain this non-motor
complication.3”

Orthostatic hypotension

This non-motor complication can appear early in PD but most often has a significant impact
on quality of life in more advanced cases. Orthostatic hypotension may be due to multiple
factors including sympathetic denervation of the heart,*8 as well as LTS in the sympathetic
ganglia, adrenal gland and cardiac tissue.12: 13. 42,49 At this time it remains unclear however
which may be the primary mechanism and further research is needed.
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Cognitive Impairment

Summary

The pathologic substrate for PD with mild cognitive impairment (PD-MCI) and PD with
dementia (PDD) appears to be heterogeneous and includes LTS, Alzheimer’s disease (AD)
pathology, cerebrovascular disease, and other findings.59-55 Neuropathological studies of
PD-MCI suggest that neocortical LTS may play a role although other studies suggest a
higher distribution of LTS in the brainstem or limbic regions.3%: 57 These studies found a
variable amount of Alzheimer’s disease pathology as well as cerebral amyloid
angiopathy.50. 57

In PDD, one important factor appears to be the density and distribution of LTS in the
cerebral cortex.51: 5864 |n one study of 12 PDD cases there was a tenfold increase in
neocortical and limbic LTS compared to non-demented PD cases.5> However, the influence
of cortical LTS is not absolute, as it has been reported that not all patients with cortical LTS
will have dementia.>®: 66. 67 The AZSAND experience to date is that, of 33 PD subjects with
Unified Neocortical Stage IV (without concurrent AD), 17 had dementia while 16 did not
(unpublished data).

It is very likely that AD pathology contributes to dementia in many PDD cases but results
from many studies are conflicting. Some studies rarely found PDD cases with pathologically
defined AD,55 68 while other studies found a much higher occurrence®L: 93:59. 69 Some
studies found the degree of AD changes did not meet neuropathological criteria for AD in
any PDD case.®® Neuritic plaque pathology was greater in PDD cases compared with non-
demented cases in one study.52 However, PDD cases with and without AD pathology were
clinically indistinguishable in one study.>3 The AZSAND experience is that the influence of
AD pathology on cognition is dominant and the contribution of LTS may only be ascertained
with multivariable statistical methods or by excluding subjects meeting neuropathological
diagnostic criteria for AD.# Even when AD lesions do not meet criteria for AD there is still a
positive correlation between neocortical LTS and both senile plaques and neurofibrillary
tangles.5551. 59 |t appears likely that there is a pathological and clinical synergism between
AD and synuclein disorders, and this requires further research.

The role of other pathologic findings in causing cognitive impairment in PD remains unclear
partly due to the common findings of pathologies in all elderly autopsied cases. Vascular
changes have been found in some studies®* 6 but less so in others.5%: 68. 70 Cerebral
amyloid angiopathy, not uncommon in aged controls, has been correlated with PDD,59: 71
and had a positive correlation to LTS in a second study.”?

It is now increasingly clear that non-motor findings can predate motor PD and often have a
marked impact on quality of life. Recent neuropathological studies have suggested that the
basis for these non-motor findings is the systemic distribution of LTS and that it is unlikely
that disease of the nigrostriatal pathway is the principal cause. In an effort to classify how
synuclein pathology may be associated with clinical findings the Unified Staging System for
Lewy Body Disorders (USSLB) was proposed.? In this system stage | is involvement of the
olfactory bulb only, and given that there are almost no cases of ILBD without olfactory bulb
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involvement, and there are many cases with olfactory bulb as the only region involved, this
staging system differs from that of Braak where stage | already involves the medulla/dorsal
motor nucleus.”3 Clinically this would account for the hyposmia present in ILBD as
mentioned above. Stage lla is brainstem predominant and stage I1b is limbic predominant,
and in these stages there can be non-motor features as well as the beginning of motor (11a)
and cognitive (11b) features. Stage 111 is when there is a fairly equal amount of involvement
of the brainstem and limbic regions while stage IV is the neocortical stage, at which point
cognitive impairment is very likely. The involvement of the spinal cord occurs as early as
stage 11 and very likely plays a major role in autonomic and gastrointestinal non-motor
symptoms that occur in pre-motor PD as discussed above. It has yet to be determined how
early the multi-organ involvement begins although at this time there are only very rare
reported cases of synucleinopathy in peripheral organs prior to CNS involvement.12: 15 The
USSLB is shown in graphic form in figure 1.

It should be noted that this review paper focuses mainly on the role a-synuclein may play in
the non-motor symptoms of PD. At this time it has not been proven that a-synuclein
accumulation clearly causes the dysfunction seen and therefore some caution is needed
when drawing conclusions on the mechanism of these symptoms.

Conclusion

Extranigral pathology, including synucleinopathy in the spinal cord and multiple non-CNS
organs, may explain many of the non-motor signs and symptoms present before and after the
onset of motor PD.
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Unified Staging System for Lewy Body Disorders
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Figurel.
Unified Staging System for Lewy Body Disorders. In this staging system the presence of

peripheral synuclein does not occur until Stage 11-1V.
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