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Abstract
Braak and colleagues have proposed that, within the central nervous system, Parkinson’s disease
(PD) begins as a synucleinopathy in non-dopaminergic structures of the lower brainstem or in the
olfactory bulb. The brainstem synucleinopathy is postulated to progress rostrally to affect the
substantia nigra (SN) and cause parkinsonism at a later stage of the disease. In the context of a
diagnosis of PD, made on the basis of current clinical criteria, the pattern of lower brainstem
involvement accompanying mesencephalic synucleinopathy is often observed. However, outside
of that context, the patterns of synucleinopathy described by Braak are often not observed,
particularly in dementia with Lewy bodies and when synucleinopathy occurs in the absence of
neurological manifestations. The concept that lower brainstem synucleinopathy represents “early
PD” rests on the supposition that it has a substantial likelihood of progressing within the human
lifetime to involve the mesencephalon and thereby cause the SN pathology and clinical
parkinsonism that have heretofore defined the disease. However, the predictive validity of this
concept is doubtful, based on numerous observations made in populations of aged individuals
who, in spite of the absence of neurologic signs, have brain synucleinopathy ranging up to Braak
Stages 4 to 6 at postmortem. Furthermore, there is no relationship between Braak stage and the
clinical severity of PD. We conclude that the relationship between patterns of abnormal synuclein
immunostaining in the human brain and the disease entity now recognized as PD remains to be
determined.

The neurobiology of α-synuclein has been central to the study of Parkinson’s disease (PD)
since the discovery that missense mutations in this protein cause familial PD1. The
discovery that α-synuclein is a major component of Lewy bodies in idiopathic PD
heightened interest in the protein2, as did the observation that duplication or triplication of
the α-synuclein gene also causes PD3. Synuclein had yet another important impact on
thinking about PD when Braak and colleagues published elegant descriptions of abnormal
patterns of α-synuclein immunostaining in human brains, and proposed a neuropathologic
staging scheme4. They proposed that the earliest stage of PD (Stage 1) is characterized by
abnormal α-synuclein immunostaining confined to the medulla oblongata or the olfactory
bulb, and that clinical parkinsonism and neuron loss in the substantia nigra pars compacta
(SNpc), both of which are now required for a definitive diagnosis of PD, occur late in the
disease course.
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This proposed staging scheme has had a profound impact on many aspects of current
thinking about PD. The concept that the disease may begin in non-dopaminergic structures
of the brainstem, or perhaps even in the peripheral autonomic nervous system4,5 has
influenced how we think about early diagnosis of PD, how we might develop biomarkers6
and how we think about the “best” animal models for the disease7. The Braak staging
scheme for PD has already begun to receive wide acceptance8,9. Given the significant
influence of the Braak staging scheme and its likely impact on future PD research directions,
it seems critical to assess whether its scientific validity has been affirmed, and to consider
issues that will require further investigation.

Braak Staging and the Clinical Manifestations of PD
Braak staging of the pathology of PD

Braak and colleagues have outlined their concept of staging PD with great clarity in many
publications4,5,10,11, so it will suffice here to summarize their principal findings. Their
observations are depicted schematically in Figure 1 (based on Braak, 200611). Some brains
showed abnormal synuclein immunostaining only in the medulla oblongata (in the dorsal
motor nucleus (DMN) of the vagus) or the olfactory bulb; these regions are identified as
region “1”. Other brains showed not only involvement of these structures, but also rostrally
adjacent structures, including the caudal raphe nuclei and the locus ceruleus (LC) (region
“2” in Figure 1). Since each group of brains with more widespread changes always included
the involvement of the medulla oblongata and pons, as observed in the mildly involved
brains, Braak and colleagues proposed that the varying degrees of synuclein pathology
depict a temporal sequence of events: involvement limited to region “1” is the earliest phase
(“Stage 1”), involvement of regions “1” and “2” is the next phase (“Stage 2”), and so on.
Braak and colleagues proposed that it is only when the synuclein pathology reaches Stage 3
or 4 that SN neuron loss occurs, clinical signs of parkinsonism appear, and it becomes
possible to diagnose “PD” by current criteria. Thus the Braak hypothesis proposes that
synuclein pathology in the lower brainstem is necessary for the later appearance of PD, and,
further, that it is sufficient; i.e., this synuclein pathology so predictably evolves to PD that it
can be considered to represent “early PD”.

Patterns of synuclein pathology in human brain
We shall first consider the evidence that lower brainstem synuclein pathology is necessary
for the eventual occurrence of clinical PD, as it is now recognized. In Braak’s original data4,
of the patients who had been clinically diagnosed to have PD, all had synuclein pathology
not only in the SNpc, but also in either the LC, the nucleus raphe, or the DMN. This
observation, that in the context of a clinical diagnosis of PD, synuclein pathology is always
observed caudal to the mesencephalon, has been largely borne out by other
investigators12,13. However, this observation is not enough to be certain that in these
instances, the clinical diagnosis of PD was universally preceded by lower brain stem
synucleinopathy. To consider whether such may be the case, it is useful to consider patterns
of synuclein deposition in cases of “incidental Lewy body disease”, individuals without
dementia or parkinsonism who harbor synuclein pathology, including in the SN. There is
substantial evidence that such cases may represent “pre-clinical” PD; they have reduced
numbers of SN dopamine neurons to a slightly less degree than that in PD patients 14.
Contrary to what would be predicted by the Braak hypothesis, many of these brains with
synuclein pathology in the mesencephalon, likely to represent “pre-clinical” PD, do not
show a lower brainstem synucleinopathy. Parkkinen and colleagues identified 79 brains with
synuclein pathology in the mesencephalon. Among these, 13 (16%) did not have synuclein
pathology in the DMN or LC12. Most of these patients were neurologically normal; some
had had strokes; one had a diagnosis of dementia with Lewy bodies (DLB).
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DLB is a particular problem for the Braak scheme, because such patients were excluded4.
The exclusion of cases of DLB from the Braak series cannot be justified, because there is a
growing consensus that the extensive overlap in the clinical and pathological features of PD,
PD with dementia and DLB do not permit meaningful distinctions among them 15,16. These
disorders are more appropriately considered as manifestations of a single underlying
pathogenic mechanism encompassed by the terms “Lewy body disorders” 15 or “Lewy body
disease” 16. Among 226 brains with synuclein pathology more recently analyzed by
Parkkinen and colleagues, there was a clinical diagnosis of dementia in 74. Among these
28% had synuclein pathology which did not fit the Braak scheme. Given the presence of
synuclein pathology, many of these cases were likely to have DLB17.

The Braak scheme also does not address the occurrence of “amygdala predominant”
synuclein pathology18. In their series, Zaccai and colleagues identified synuclein pathology
in 39% of aged individuals followed prospectively in two population-based cohorts. Among
the 76 brains with synuclein pathology, 35 (46%) did not conform to the Braak staging
scheme. Among these 22 (29%) had amygdala predominant synuclein pathology. They
identified no relationship between amygdala synuclein pathology and neurofibrillary
Alzheimer changes18.

Thus, while the patterns described by Braak and colleagues usually appear to be confirmed
when a clinical diagnosis of PD has been made by current clinical criteria, they often are not
confirmed outside of that context, particularly in clinically asymptomatic individuals and in
individuals with DLB. Given the evidence that individuals with incidental Lewy body
disease may represent preclinical PD, and the frequent observation that individuals with an
initial diagnosis of DLB evolve to a condition that is indistinguishable from PD, it is not
tenable to propose that lower brainstem synuclein pathology is a necessary occurrence prior
to the onset of PD, as it is now recognized.

Does Braak Stage 1 (or 2) represent “early PD”?
The Braak hypothesis not only proposes that lower brainstem pathology is a necessary pre-
condition for the occurrence of PD, but also that it is sufficient. In other words, there is such
a compelling liklihood that Stage 1 or Stage 2 synuclein pathology will evolve to Stages 3 or
4, and, more importantly, evolve to manifest clinical parkinsonism that this pathology can be
considered to represent “early PD”, as has been claimed9. A number of observations do not
support the claim that Stage 1 and Stage 2 Braak synuclein pathology can be meaningfully
considered to represent “early PD”. Data from elderly individuals without detectable
neurologic impairment (Fig. 2) reveal that many harbor early Braak pathology. Given the
advanced age of many of these individuals, it is not meaningful to speculate that they would
have developed PD, had they lived longer. We do not know how long these individuals
harbored this pathology nor do we know how long it would take for it to evolve, if ever.

A more worrisome concern is whether the evolution of synuclein pathology to Braak Stages
4, 5, or 6, even if it occurs, necessarily means that the individual will clinically manifest any
of the motor or non-motor disabilities currently recognized as clinical manifestations of PD.
In Figure 2, it is apparent that many individuals die harboring Braak synuclein pathology
Stages 4-6 without ever having had neurological impairment, and many additional studies
support this observation19-23. Therefore, we cannot be certain that early Braak Stages will
evolve to higher stages in the human lifetime, and even when they do, they will not
necessarily be associated with the clinical disabilities that we now identify as PD. Thus, the
relationship between early Braak stages of abnormal synuclein staining and the disease
entity that we now identify as PD is unknown.
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Is there a relationship between Braak Stages and either the duration or the clinical severity
of PD?

If the Braak staging scheme represents the actual temporal evolution of PD, there should be
a relationship between Braak Stages and either the duration or the severity of PD. Braak and
colleagues did not examine any possible relationship between stages and duration of disease.
However, their data demonstrate that there is no relationship between Braak stage and
Hoehn and Yahr score (Fig. 3). Many patients with Braak Stages 4 and higher did not have
signs of parkinsonism. On the other hand, many individuals with Braak Stages 3 and 4
(when signs of parkinsonism are predicted to first appear) had severe PD (Hoehn and Yahr
5). In fact, Braak’s data appear to cluster into two distinct sets of patients: those with PD and
those without.

Is REM sleep behavior disorder (RBD) an early, non-dopaminergic stage of PD due to
brainstem synucleinopathy?

In support of the Braak scheme, it has been proposed that RBD may be an early
nondopaminergic manifestation of PD due to synuclein pathology identified in Stage
26,9,24. There is no question that RBD can precede signs of parkinsonism in a number of
neurodegenerative diseases24,25. The question is whether such instances support the
concept that PD universally begins with non-dopaminergic involvement of the brainstem.
The proposal that RBD represents a clinical manifestation of Stage 2 synucleinopathy would
depend foremost on compelling evidence that the pathology described provides a plausible
neuropathologic substrate. The neural structures of the human brain that mediate muscle
atonia during REM sleep are not precisely known24,25. It has been proposed that the
subceruleus region in cat, and its analogue in rat, the sublateral dorsal nucleus, are crucial
for atonia during REM sleep24. Although the human homologue of this structure is not
defined24, we can consider whether Stage 2 Braak pathology is found ventromedial to the
LC, the region thought important for RBD24. While Braak and colleagues have described
Lewy pathology in the LC, they have not provided an explicit description of the region
postulated to be the analogue of the rat sublateral dorsal nucleus. Even if such Lewy
pathology were found, it would not provide a compelling basis for the postulated cellular
dysfunction. Indeed, abnormal synuclein accumulation does not prove cellular dysfunction
(discussed further below), and it is unknown whether Stage 2 Braak is accompanied by
neuron loss or gliosis in the medulla or pons4. Thus, there is no compelling evidence that the
synuclein pathology described in Braak Stage 2 provides a neural substrate for RBD.

If RBD cannot be specifically attributed to the abnormal synuclein staining observed in
Braak Stages 1 and 2, then we must evaluate other evidence that RBD, in the setting of
neurodegenerative synucleinopathies, is in fact due to involvement of brainstem
nondopaminergic systems. One potential source of supportive data would be postmortem
analysis in the context of such diseases that RBD can occur in the absence of SN
involvement. To date there have been postmortem analyses of 27 RBD brains associated
with synucleinopathies25. Among these, the SN was examined in 7 brains, and all of these
brains exhibited SN neuron loss and synuclein pathology. Thus, we are unaware of a single
case in which RBD was associated with a synucleinopathy without co-existing involvement
of the SN.

An alternative source of data to evaluate the proposition that RBD is a non-dopaminergic
manifestation of the synucleinopathies is to assess the relationship between RBD and
nigrostriatal dopaminergic pathways assessed by neuroimaging techniques. Eisensehr and
colleagues examined striatal dopamine transporter binding by [123I]IPT-SPECT in 5 patients
with RBD and with normal neurological examinations. The RBD patients had reduced
[123I]IPT-SPECT26. Similar observations were made by Albin et al using [11C]DTBZ -PET
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in 6 patients with RBD and no signs of parkinsonism27. Gilman et al examined the status of
nigrostriatal dopaminergic projections by use of [11C]DTBZ -PET in 13 patients with RBD
and a clinical diagnosis of MSA28. [11C]DTBZ striatal binding values were diminished
among these patients, and there was a significant inverse correlation between [11C]DTBZ
binding and severity of RBD28. Eisensehr and colleagues identified reduced [123I]IPT-
SPECT values even in subclinical RBD patients29. Thus there is evidence of dopaminergic
dysfunction in clinical and even subclinical RBD without other neurologic manifestations.
These studies do not provide evidence to support the notion that RBD is due to non-
dopaminergic involvement in the synucleinopathies; on the contrary, they indicate that mild
and even subclinical RBD is associated with dopaminergic dysfunction.

It has often been pointed out that RBD may precede parkinsonism by many years. However,
if the Braak scheme is a valid and general description of disease progression in PD, then it
would be predicted that RBD would always precede parkinsonism. However, more often the
converse is true. In a series of 195 patients referred to a PD clinic, assessed by Scaglione and
coworkers, 64 (33%) had RBD. Of these, the signs of parkinsonism preceded RBD in 73%,
and among these patients RBD appeared an average of 8 years after the onset of
parkinsonism30. In a series of 60 patients with RBD reported by De Cock and colleagues,
the manifestations of RBD preceded parkinsonism in only 22% of instances31. Thus, even if
RBD in the context of synucleinopathies could be attributed to a specific degenerative
change in the brainstem, and even if such change could be attributed to the synuclein
pathology described by Braak, then the above clinical observations would suggest that
involvement of mesencephalic dopaminergic systems in the majority of PD cases precedes
pontine involvement, contrary to the Braak scheme.

While the occurrence of RBD prior to parkinsonism in PD has often been offered as
evidence that specifically supports the Braak staging scheme of PD, it cannot be accepted as
such. In many cases, RBD precedes parkinsonism in the multiple system atrophies
(MSA)32,33. While MSA is also a synucleinopathy, characterized by synuclein-positive
glial inclusions, it does not manifest intraneuronal synucleinopathy, and the Braak staging
scheme cannot be proposed to occur.

What is the Pathophysiologic Significance of Lewy Pathology?
Another challenge for the Braak staging scheme is the uncertain pathophysiological
significance of Lewy pathology. The Braak scheme assumes that Lewy pathology reliably
detects neurons that are in a state of PD-related cellular dysfunction. However, synuclein
pathology may not identify such neurons with sensitivity, and, conversely, neurons with
abnormal synuclein immunostaining may not be in a state of PD-related dysfunction. With
regard to the ability of synuclein immunostaining to detect early PD neuronal dysfunction,
patients with PD-causing LRRK2 mutations are informative. While the majority of patients
with the most common LRRK2 mutation (G2019S) show classic Lewy body pathology,
some do not. And strikingly, many patients with other pathogenic mutations of LRRK2 do
not show Lewy pathology. Indeed, the initial clinical report of LRRK2-related PD describes
multiple cases of “pure nigral degeneration”34. Thus, in a genetically defined patient
population it is clear that Lewy pathology is not a reliable indicator of PD cellular
dysfunction. Therefore, the assumption that synuclein immunopathology will define where
PD “begins”, as in the Braak scheme, is not tenable.

Conversely, cell biological studies of synuclein and related protein aggregation disorders
raise questions about the pathophysiologic significance of protein aggregates. Increased
expression of synuclein protein has been identified in neurons in a variety of injury
models35-37, and in these contexts it has, in fact, been postulated to possibly play a
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protective role. In a Drosophila model in vivo, formation of synuclein inclusions correlates
with reduced cellular toxicity38. In human brain, an inverse relationship has been noted
between the presence of LB’s and neuron death39. Related work in Huntington’s disease
demonstrates that protein inclusions mark surviving cells that are effectively sequestering
misfolded protein40. In conclusion, the absence of abnormal immunostaining for synuclein
in neurons cannot be interpreted as evidence that the cell is free of PD-related dysfunction,
and, on the other hand, the presence of such staining cannot be interpreted as evidence that
the cell is dysfunctional or that synuclein is responsible.

Are There Alternative Hypotheses for the Regional Patterns of Synuclein
Pathology Observed by Braak and Colleagues?

If there is a consensus that the regional patterns of synuclein pathology described by Braak
and colleagues are in most instances confirmed in the context of a clinical diagnosis of PD,
and yet there is reason also to question the caudal-to-rostral evolution of the disease, as
proposed, then we must consider whether there are alternative hypotheses to account for the
patterns observed. One alternative hypothesis is that patterns are due to the relative
likelihood of different brain regions to manifest Lewy pathology. Without invoking any
assumptions about the timing of events, we might hypothesize that the DMN is a brain
region very likely to reveal such pathology, the LC next most likely, and so on. Without any
assumptions about which region, if any, was affected “first”, it would be proposed that
observations made at postmortem reflect these probabilities. Such a concept would account
for the observation that it is unlikely to encounter SN Lewy pathology in the absence of
pathology in the DMN and/or LC. On the other hand, this concept would also account for
the instances in which atypical patterns are observed. The likelihood of different brain
regions to manifest Lewy pathology would be determined by many cellular characteristics of
the neurons in these regions: their level of expression of synuclein, the likelihood that the
cellular environment would be permissive for synuclein aggregation, the ability of these
neurons to clear synuclein aggregates, and so on. The DMN, LC, and the SNpc are
distinguished for their abundant levels of expression of α-synuclein mRNA41 (Fig. 4). There
is, in fact, a striking correlation between the human brain structures identified in “early”
Braak stages and structures with the highest levels of synuclein expression in the rodent
brain: Stage 1: DMN and olfactory tubercle; Stage 2: LC; Stage 3: amygdala, SN, the
pedunculopontine nucleus, and the nucleus of the diagonal band. In human brain high levels
of synuclein expression have been observed in the LC and SNpc42.

Conclusions
The elegant and thorough morphologic investigations of Braak and colleagues have revealed
intriguing patterns of synuclein pathology in the brains of patients with a clinical diagnosis
of PD. For the most part, these patterns have been confirmed by other investigators.
However, there has been little exploration of these patterns in patients with a clinical
diagnosis of DLB, and the existing evidence suggests that non-conformance with the Braak
patterns occurs. This question bears importantly on the meaning of the Braak patterns for the
pathogenesis of PD, because PD and DLB are arguably variant presentations of a single
entity16. Most importantly, this assessment of the Braak staging scheme suggests that there
is insufficient evidence to claim that human PD begins in non-dopaminergic structures of the
brainstem, and then evolves in a caudal-to-rostral progression over the course of the disease.
A number of currently unresolved questions lead to this assessment. First, the prognostic
implications of the presence of synuclein pathology in the brainstem are unknown. There are
numerous instances of synuclein pathology in the brainstem, and, in fact, even more widely
distributed in the brain, in neurologically intact elderly individuals. To propose that these
individuals would have developed PD “had they lived long enough” is speculative and
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meaningless, given their advanced age. We do not know how long these individuals
harbored this pathology, or if it would have progressed at all. Secondly, we do not
understand the relationship between abnormal synuclein immunostaining in the brain and
the selective loss of neurons that is the cardinal manifestation of PD. There are reported
individuals with only Braak Stage 2 synucleinopathy and yet who have clinical
parkinsonism17, but, on the other hand, there are many individuals with Braak Stage 6 who
do not. Not surprisingly, in view of these observations, there is no relationship between
Braak stages and the clinical severity of PD. In conclusion, the regional patterns of
synuclein pathology in PD brains described by Braak and colleagues do not provide
compelling evidence for the caudal-to-rostral temporal progression of the disease that they
postulate, because these patterns may be accounted for alternatively by considerations
related to the propensity of brain regions to display such pathology, based on regional
differences in levels of synuclein expression and other factors.

The resolution of these questions will require much more study, including additional
assessments of the patterns of synucleinopathy in the human brain, and, most importantly,
how these patterns relate to validated biomarkers for progression of PD43. At a more basic
level, we need a better understanding of the neurobiology of synuclein. While there is much
evidence that overexpression of synuclein can be deleterious to neurons, it is unlikely to be
just that simple. While time and again the neurobiology of synuclein has offered
opportunities to understand the pathogenesis of PD, these are as yet only opportunities, and
their fulfillment will require much additional work and critical analysis.
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Fig. 1.
Patterns of abnormal immunostaining for α-synuclein identified by Braak and colleagues
(adapted from Figures 1c and d, Braak et al, 2006). Six patterns of immunostaining were
observed. In the pattern with the least extent of abnormal staining, involvement was
observed only in region #1, which contains the dorsal motor nucleus of the vagus. In the
pattern with the next most limited distribution, staining was observed, in addition to region
#1, in region #2, which included the locus ceruleus and other “gain setting nuclei”. In the
pattern with the next most involvement, abnormal staining was observed not only in regions
#1 and #2, but also region #3, which included the SN and the amygdala. Since each
succeeding pattern of increased rostral involvement included pathology in the adjacent more
caudal regions, Braak and colleagues proposed that PD begins in region #1 (Stage 1), then
proceeds rostrally to region #2 (Stage 2), and so on. Clinical signs of parkinsonism and
Lewy pathology in the mesencephalon, both of which are now required for a definitive
diagnosis of PD, are hypothesized to occur late in the disease, at Stage 3.
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Fig. 2.
Relationship between subject age at time of death and Braak PD Stage in 116 individuals
without dementia or parkinsonism. The data presented are from Braak4, Parkkinen12, and
Bloch44. There is no relationship between age at death and Braak Stage (r = 0.09, NS).
Braak Stage 1 to 6 synuclein pathology is observed in neurologically unimpaired individuals
who live decades beyond the average life expectancy at birth for industrialized nations.
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Fig. 3.
Relationship between Braak PD Stage and Hoehn and Yahr PD score at the time of death in
96 individuals. The data presented are from Braak, 2003. The 68 individuals with a Hoehn
and Yahr score of 0 are the same individuals as shown in Fig. 2, with the single exception
that Braak Case 105, with a diagnosis of Alzheimer’s, is excluded in Fig. 2. Among 29
patients with PD (Hoehn and Yahr 1 or more), there is no relationship between Hoehn and
Yahr score and Braak Stage (r = - 0.2, NS). The data appears to be clustered into two
populations: those with PD and those without.
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Fig. 4.
Patterns of expression of α-synuclein mRNA in rat brain. The Figure is adapted from
Maroteaux and Scheller, 1991, Figure 4. The images are darkfield micrographs of in situ
hybridization for mRNA, so intense hybridization appears white on a black background.
Different brain sections are arranged in ascending order according to the regions involved at
different Braak Stages of synucleinopathy. In the bottom panels it is apparent that both the
olfactory tubercle (LOT: nucleus of the lateral olfactory tract) and the DMN of the vagus
(“10”) express high levels of α-synuclein mRNA (red arrows). In the middle panel, it can be
seen that the locus ceruleus (LC) also expresses high levels. In the top panels, the amygdala
(Am), and the SNpc express high levels.
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