
Abstract α-Synuclein is a presynaptic protein recently
identified as a specific component of Lewy bodies (LB)
and Lewy neurites. The aim of this study was to assess the
morphology and distribution of α-synuclein immunoreac-
tivity in cases of dementia with LB (DLB), and to com-
pare α-synuclein with ubiquitin immunostaining. We ex-
amined substantia nigra, paralimbic regions (entorhinal
cortex, cingulate gyrus, insula and hippocampus), and
neocortex (frontal and occipital association cortices) with
double α-synuclein and ubiquitin immunostaining in 25
cases meeting neuropathological criteria for DLB. α-
Synuclein immunostaining was more specific than ubiqui-
tin immunostaining in that it differentiated LB from glo-
bose tangles. It was also slightly more sensitive, staining
4–5% more intracytoplasmic structures, especially diffuse
α-synuclein deposits that were ubiquitin negative. In ad-
dition to LB, α-synuclein staining showed filiform and
globose neurites in the substantia nigra, CA2–3 regions of
the hippocampus, and entorhinal cortex. A spectrum of α-
synuclein staining was seen in substantia nigra: from dif-
fuse “cloud-like” inclusions to aggregated intracytoplas-
mic inclusions with variable ubiquitin staining to classic
LB. We hypothesize that these represent different stages
in LB formation.
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Introduction

Dementia with Lewy bodies (DLB) is a common cause of
degenerative dementia. The neuropathological hallmark is
the presence of Lewy bodies (LB) widely distributed
throughout brain stem, paralimbic, and neocortical re-
gions [7, 19, 21]. LB are known to contain more than 20
different proteins, including structural and cytosolic pro-
teins, enzymes, and proteins elicited as a cellular response
such as ubiquitin [2, 7, 22]. Until recently, immunostain-
ing against ubiquitin has been the most commonly used
and sensitive technique to recognize LB [18, 19]. How-
ever, ubiquitin lacks specificity because it is also present
in other intracytoplasmic inclusions such as neurofibril-
lary tangles and Pick bodies. In the past year, a presynap-
tic protein called α-synuclein has been identified as a very
specific component of LB and Lewy-related neurites [4,
15, 24–26]. Moreover, two mutations in the α-synuclein
gene have been linked to autosomal dominant familial
Parkinson’s disease [17, 23]. These data suggest that ab-
normal aggregation of α-synuclein with other proteins
may be at the core of LB formation.

In this study we have examined the morphology and
have quantitated the regional distribution of α-synuclein
immunoreactivity in several brain regions in patients with
DLB, emphasizing a comparison of α-synuclein versus
ubiquitin immunostaining. We found a consistent distrib-
ution of α-synuclein inclusions and different morphologi-
cal and immunohistochemical patterns of aggregation
which may represent progressive stages of LB formation.

Methods

We studied the brains of 25 DLB cases [19 male/6 female; age at
death 78.6 ± 5.8 years (mean ± SD), range 63–87 years) and 6 age-
matched controls, obtained from the Massachusetts Alzheimer’s
Disease Research Center Brain Bank, Boston. Average duration of
the disease was 9.4 ± 4.5 years (range 3–17 years). All the brains
had been fixed in 10% buffered formalin and routinely dissected
according to a standardized protocol [28]. Tissue blocks were ob-
tained from 18 areas, embedded in paraffin and sections cut at 

Estrella Gómez-Tortosa · Kathy Newell ·
Michael C. Irizarry · Judith L. Sanders ·
Bradley T. Hyman

α-Synuclein immunoreactivity in dementia with Lewy bodies: 
morphological staging and comparison with ubiquitin immunostaining

Acta Neuropathol (2000) 99 :352–357 © Springer-Verlag 2000

Received: 18 May 1999 / Revised: 28 July 1999 / Accepted: 30 July 1999

REGULAR PAPER

E. Gómez-Tortosa · K. Newell · M. C. Irizarry · J. L. Sanders ·
B. T. Hyman
Neurology Department, Massachusetts General Hospital, 
Charlestown, Massachusetts, USA

B. T. Hyman (Y)
Alzheimer’s Research Unit, 
Massachusetts General Hospital East 149 13th St., Room 6405, 
Charlestown, MA 02129, USA
e-mail: b_hyman@helix.mgh.harvard.edu, 
Tel.: +1-617-7262299, Fax: +1-617-7265677



8 µm. Sections were stained with hematoxylin and eosin, Congo
red and the modified Bielschowsky method. A pathological diag-
nosis of diffuse LB disease or LB variant of Alzheimer’s disease
(AD) had been made in all the cases based on the presence of clas-
sic LB within the pigmented brain stem nuclei and similar
eosinophilic inclusion bodies distributed throughout limbic and
neocortical regions [19]. The degree of AD-related changes was
assessed using CERAD neuritic plaque scores [20] and by assign-
ing a Braak and Braak stage based on the distribution of neurofib-
rillary changes [3]. According to CERAD criteria, 2 cases had no
AD changes, 6 were possible, 7 were probable and 10 were defi-
nite AD. Thirteen cases met criteria for a Braak and Braak stage I
or II. Another 12 cases had paralimbic or neocortical tangles and
met criteria for a Braak and Braak stages III–V. We assessed the
following areas: substantia nigra at the level of the red nucleus, en-
torhinal cortex, cingulate gyrus, insula, hippocampus, medial
frontal and associative occipital cortex. We did not examine the
temporal and parietal cortical regions recommended by the Con-
sortium on DLB [19] because these areas were not consistently
available in these cases.

We performed double-label immunofluorescence staining with
rabbit polyclonal ubiquitin antibody (1:200, Dako, Denmark), and
the monoclonal antibodies against α-synuclein H3C (1:5000, cour-
tesy of Dr. David Clayton, University of Illinois, Urbana, Ill.) or
LB509 (1:10000, courtesy of Dr. Iwatsubo, University of Tokyo,
Tokyo, Japan). Both are well-characterized antibodies against α-
synuclein. H3C was raised in mice against the C terminus of ca-
nary synelfin [6] and LB509 was generated from purified LB [1].
Both antibodies were used to assess the morphology of the inclu-
sions but the quantitative study was performed with H3C. The sec-
ondary antibodies were cy3 anti-rabbit (Jackson ImmunoResearch,
West Grove, Pa.) and BODIPY anti-mouse (Molecular Probes, 
Eugene, Ore.). Negative control sections were incubated with no
primary antibodies. The slides were mounted with 4′, 6-diamino-2-
phenylindole (DAPI) aqueous medium (Vectashield, Vector, Calif.),
which stains nuclei under UV illumination. In 7 cases the section
of substantia nigra was also counterstained with hematoxylin and
aqueous eosin (H&E).

α-Synuclein immunoreactivity was examined systematically
throughout the whole selected area available on each slide under a
40x objective and compared with anti-ubiquitin staining. Quantita-
tion of intracytoplasmic and neuritic LB was recorded by a Bio-
quant Image Analysis System with Stereology Package (Nashville,
Tenn.). This program provides stereological overlays to record the
different positions of each of the counted structures with x/y coor-
dinates providing an accurate visual image of the distribution of
LB throughout cortical layers. The total number of LB counted in
each region was divided by the area assessed to obtain a LB den-
sity, expressed in LB/mm2 of tissue. Extensive search for intranu-
clear inclusions was conducted under a 100× objective alternating
α-synuclein and nuclear stains. Confocal microscope images were
taken from the different structures using the MRC-1024 Bio-Rad
laser confocal imaging system mounted on a Nikon TE400 micro-
scope at an excitation wavelength of 568 nm and an emission
wavelength of 605 nm for cy3, and a 488 nm excitation and a 522
nm emission wavelength for BODIPY.

Results

Substantia nigra

The substantia nigra showed the greatest morphological
diversity of α-synuclein immunoreactive structures.
These can broadly be classified as intracytoplasmic or
neuritic inclusions. Intracytoplasmic inclusions reflected
different patterns of α-synuclein aggregation (Fig.1A–H).
Numerous classic LB with the characteristic halo were
observed in all cases and some nigral neurons showed

multiple LB. All the classic LB demonstrated a consistent
pattern of α-synuclein and ubiquitin double staining: α-
synuclein antibodies (both H3C and LB509) showed a
greater tendency to stain an outer rim, while ubiquitin was
more likely to stain the core (Fig.1H).

Pale bodies were also α-synuclein immunoreactive.
Some neurons had intracytoplasmic synuclein inclusions,
larger than classic LB, with defined borders but without
halo, which could be identified as pale bodies when coun-
terstained with H&E. These inclusions sometimes coex-
isted in the same neuron with classic LB. Their pattern of
ubiquitin staining was quite variable. Sometimes ubiquitin
immunoreactivity colocalized with synuclein staining.
Rare neurons showed ubiquitin-positive punctate staining
within or surrounding the α-synuclein deposit (Fig. 1E,
F), and in others the pale bodies were ubiquitin negative
(Fig. 1C).

Other neurons contained diffuse or “cloud-like” α-sy-
nuclein staining with ill-defined borders which were most
frequently ubiquitin negative (Fig.1A, B, G). When coun-
terstained with H&E these neurons were quite normal or
could only be recognized as having an inclusion because
of some displacement of the pigment. Occasionally, this
diffuse α-synuclein staining showed a more intense re-
gion of aggregation, suggestive of incipient LB formation
(Fig. 1D). This variety of intracytoplasmic inclusions fre-
quently coexisted within the substantia nigra of a single
case, suggesting that they may represent different stages
in the formation of LB.

In addition to these intracytoplasmic inclusions there
were numerous filiform and globose neurites (Fig.2A–C).
Sometimes they had the appearance of rows of intraneu-
ritic LB (without halo) or of the spheroid axons seen in
neuroaxonal dystrophies (Fig.2C). Neuritic inclusions
had the same staining pattern as classic LB, double label-
ing for α-synuclein and ubiquitin, with the α-synuclein
staining the outer rim and the ubiquitin staining the inner
core (Fig.2B).

The substantia nigra in control cases did not show any
of these α-synuclein inclusions.

Limbic and paralimbic regions

Most of the α-synuclein immunoreactivity in hippocam-
pus was in neurites (Lewy neurites) distributed consistent-
ly in the CA2 and CA3 regions (Fig.2D). Adopting
CERAD-style nomenclature, Lewy neurites were frequent
in 16 cases, were few in 4 and absent in 5 cases. α-Synu-
clein and ubiquitin immunostaining usually colocalized in
these neurites, but α-synuclein-positive neurites outnum-
bered those immunoreactive for ubiquitin. In contrast, the
density of intracytoplasmic inclusions in the hippocampus
was low. There were scattered LB in the CA4, CA3 and
subicular cortex. In some cases a few pyramidal neurons
in the CA2 and CA3 showed α-synuclein inclusions with
ill-defined limits and irregular shapes (triangle or U
shaped). Neurons in the dentate gyrus were usually
spared. In the hippocampus, α-synuclein and ubiquitin
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Fig.1A–H Confocal microscope images of substantia nigra of
DLB cases with double immunostaining for α-synuclein (green)
and ubiquitin (red); colocalization appears in yellow. There was a
spectrum of α-synuclein intracytoplasmic inclusions with different
morphology and variable ubiquitin immunostaining: from “cloud-
like” (A,B,D,G), to well-defined inclusions resembling pale bodies
(C), to classic Lewy bodies showing a peripheral rim immunore-

active for α-synuclein, a middle ring where α-synuclein and ubiq-
uitin colocalized and a central core positive only for ubiquitin (H).
Rare neurons showed α-synuclein deposits surrounded by a punc-
tate ubiquitin-positive staining (E,F), or “cloud-like” inclusions
which appeared to initiate a core of more compact aggregation (D).
A,B,D–G H3C α-synuclein antibody, C,H LB509 α-synuclein
antibody (LB Lewy bodies, DLB dementia with LB). Bar 10 µm



double immunostaining was extremely helpful in differ-
entiating LB (positive for both immunostains, Fig.2E)
from globose tangles (only ubiquitin positive, Fig.2F).

The entorhinal cortex had the highest density of intra-
cytoplasmic inclusions of the cortical regions examined
(Table 1). Cortical LB showed homogeneous round α-
synuclein immunoreactivity, lacking the peripheral halo,
and were clearly recognizable in deep layers (V and VI),
with a well-defined laminar distribution. Half of the cases
also showed intense α-synuclein immunoreactivity in su-
perficial layers (II and III), within multiple filiform and
globose neurites (with intraneuritic LB) and some cyto-
plasmic inclusions. Cingulate gyrus and insular cortex
presented a similar pattern of α-synuclein immunoreactiv-
ity characterized by cortical LB (intracytoplasmic, round,
quite well-defined inclusions without halo) with a laminar
distribution within deep layers. LB showed a tendency to
be clustered, and, especially in insular cortex, the distrib-
ution was irregular with some microarchitectural regions
affected and others unaffected. Except for three cases with
a very high density of LB pathology in paralimbic and
cortical areas, neurites were rare.

In general, we observed two different patterns of LB
distribution in paralimbic cortices. In one group of cases
LB were clearly confined to deep layers, while in another
they also spread to superficial layers. Each individual case
usually displayed the same pattern in all paralimbic and
neocortical areas. This pattern of “confined” versus
“widespread” was not dependent on a higher LB density,
a longer evolution of the disease or the presence of con-
comitant AD pathology. Many of the neurons with α-
synuclein inclusions also contained autofluorescent lipo-
fuscin. Limbic and paralimbic cortices of control cases
did not show α-synuclein immunoreactivity.

Neocortical regions

Medial frontal and occipital association areas had the low-
est density of LB pathology (Table 1) with LB sparsely
distributed within deep layers, demonstrating more than
98% ubiquitin colocalization. Most neocortical neurons
containing LB also had autofluorescent lipofuscin. Three
cases showed a very high density of α-synuclein inclu-
sions in the neocortex, with LB that were much smaller
than usual. Lewy neurites were rare. Diffuse accumula-
tion of α-synuclein within the cytoplasm of cortical neu-
rons was also uncommon; therefore, there were fewer
ubiquitin-negative inclusions (less than 2%) than in sub-
stantia nigra or paralimbic areas. Neocortical regions of
control cases did not show α-synuclein immunoreactivity.

Nuclear inclusions

We did not find nuclear inclusions with α-synuclein im-
munostaining in any of the regions.

Comparison with ubiquitin

α-Synuclein immunostaining qualitatively paralleled
ubiquitin staining, but was more specific and slightly
more sensitive, staining 4–5% more structures than ubiq-
uitin. Around 10,000 intracytoplasmic inclusions were
counted in the seven brain regions from the 25 cases. The
percentage of structures that were α-synuclein positive
but ubiquitin negative ranged from around 10% in sub-
stantia nigra, to 4–5% in paralimbic regions, to less than
2% in neocortex (Table 1). These ubiquitin negative in-
clusions corresponded to the less aggregated and less
compact α-synuclein inclusions. Some were likely to be
pale bodies and others did not even have defined borders
and were just a “cloud-like” of α-synuclein immunoreac-
tivity within the cytoplasm.

Discussion

The presence of aggregated α-synuclein immunoreactiv-
ity has recently been established as the basis for grouping
several neurodegenerative disorders as “synucleino-
pathies” [8]. The group of LB disorders is characterized
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Table 1 Quantitative patho-
logical data in the studied pop-
ulation. Data for LB represent
mean ± SD (range) (LB Lewy
bodies)

n LB/mm2 Total counted 
(% ubiquitin negative)

Substantia nigra 25 3.15 ± 0.97 (1.43–5.02) 1720 (10.4)
Entorhinal cortex 21 1.70 ± 0.96 (0.42–4.73) 2054 (4.6)
Cingulate gyrus 24 1.37 ± 1.17 (0.08–5.55) 2614 (5.5)
Insula 18 1.26 ± 1.39 (0.03–5.51) 1055 (5.3)
Hippocampus 24 0.55 ± 0.54 (0.01–2.39) 664 (4.2)
Frontal cortex 24 0.62 ± 0.70 (0.04–2.93) 1316 (1.8)
Occipital cortex 24 0.15 ± 0.18 (0–0.77) 179 (1.6)

Fig.2 Confocal microscope images of substantia nigra (A–C) and
hippocampus (D–F) of DLB cases with double immunostaining
for α-synuclein (green) and ubiquitin (red); colocalization appears
in yellow. A The greatest diversity of α-synuclein inclusions was
seen in substantia nigra. B Nigral neurites showed the same pattern
of double staining as classic LB. C Some neurites resembled
spheroid axons. D Lewy neurites were typical in the CA2–3 re-
gions of the hippocampus. E,F A different pattern of immunos-
taining helped distinguish LB, both α-synuclein and ubiquitin pos-
itive (E) from globose tangles, only ubiquitin positive (F), in the
hippocampus of the same case. A,B LB509 α-synuclein antibody,
C–F H3C α-synuclein antibody. Bars A 40 µm; B,C,E,F 10 µm;
D 100 µm

F



by α-synuclein inclusions in neurons, while the multiple
system atrophies are characterized for the presence of α-
synuclein inclusions in glia [15, 24–27, 29]. In this study
we examined α-synuclein immunoreactivity in multiple
brain regions in cases with a neuropathological diagnosis
of DLB, and compared this technique with ubiquitin im-
munostaining. These data validate α-synuclein immuno-
cytochemistry as a sensitive and specific pathological
technique for the study of LB disorders and further de-
scribe the morphological spectrum of inclusions in DLB.

α-Synuclein antibodies showed slightly higher sensi-
tivity than ubiquitin antibodies for identifying abnormal
inclusions, especially inclusions other than the classic LB,
such as pale bodies or diffuse “cloud-like” inclusions. 
α-Synuclein immunostaining was also more specific than
ubiquitin since it did not stain tangles. DLB presents fre-
quently with concomitant AD changes [7, 21]. Although
the distinct topographic and laminar distribution of LB
and neurofibrillary tangles usually help distinguish these
structures using ubiquitin immunostaining, it can be ex-
tremely difficult to distinguish LB from globose tangles in
regions such as amygdala, entorhinal cortex, or hip-
pocampus. In contrast, α-synuclein immunostaining was
definitive for identifying LB. α-Synuclein antibodies also
identified a wide array of neuritic inclusions, not always
evident with ubiquitin, emphasizing that classic LB are
just a part of Lewy pathology.

The morphological diversity of α-synuclein staining,
best exemplified in the substantia nigra, may open new in-
sights into the pathophysiology of LB. We hypothesize
that the spectrum of α-synuclein inclusions with distinct
morphological and ubiquitin staining characteristics rep-
resent different stages in the formation of LB and suggest
a certain pattern of progression. First, there were some
neurons with “cloud-like” α-synuclein staining, most fre-
quently ubiquitin negative, that might be a very early stage
in LB pathology. Such lesions would progress to more
compact and better-defined α-synuclein inclusions that
would begin attracting ubiquitin, thus showing variable
ubiquitin immunolabeling. In fact, rare neurons showed a
punctate ubiquitin immunostaining surrounding these α-
synuclein conglomerates. Some of these inclusions could
be recognized as pale bodies in H&E stain. Pale bodies
are considered to be precursors of LB on the basis of their
shared antigenicity, ultrastructure and co-occurrence in
the substantia nigra in Parkinson’s disease patients, and
their ubiquitin immunolabeling is reported as variable [5,
10]. Eventually, the final product would be the classic LB
with halo, showing a very compact, well defined and con-
sistent pattern of double immunostaining, with α-synu-
clein staining an outer layer and ubiquitin the core.

This progression would be consistent with a role for α-
synuclein as an early protein involved in LB pathology [9,
26], and the role of ubiquitin as part of the cellular re-
sponse to target abnormal aggregation of proteins for sub-
sequent proteolysis by the proteasome [12–14]. The in-
corporation of ubiquitin as a secondary event suggests
that its differential detection within α-synuclein inclu-
sions may be used as a clue for staging the inclusion bod-

ies’ biogenesis. The progression from a “cloud-like” α-
synuclein deposit to the compact and laminar configura-
tion of the double-labeled, typical haloed LB, known to be
limited by a corona of radiating neurofilaments [11], may
reflect the cell processing of abnormal proteins and, ulti-
mately, inefficient proteolysis within the proteasome. In
this scenario, LB may be comparable to aggresomes, a
novel cytoplasmic inclusion which has recently been ex-
perimentally generated after proteasome inhibition [16].
Aggresomes are defined as cytoplasmic inclusions con-
taining misfolded, ubiquitinated proteins ensheathed in a
cage of intermediate neurofilaments which form specifi-
cally at the microtubule-organizing center.

In contrast to the diversity found in substantia nigra,
neocortical and paralimbic α-synuclein immunoreactivity
was more homogeneous in the morphology and ubiquitin
staining of the inclusions within each individual region.
The cortex contained mostly double-labeled LB without
halo in deep layers, CA2–3 contained only Lewy neurites,
and a subset of cases showed remarkable neuritic
processes in superficial entorhinal layers. Furthermore,
while the substantia nigra demonstrated α-synuclein
pathology at all stages of aggregation, cortical inclusions
appeared to be at the same stage of development. Whether
cortical LB lack the peripheral halo typical of nigral LB
because they represent a less mature stage of these inclu-
sions remains unclear. This regional “pattern” specificity
may be related to anatomic and/or biochemical neuronal
vulnerability, including the specific connectivity patterns
of the hippocampal CA2–3 region, or the susceptibility to
oxidative stress of pigmented neurons or neurons contain-
ing lipofuscin.

In summary, our observations show that α-synuclein
immunoreactivity has distinct regional patterns and that
there are several different types of α-synuclein inclusions
that can be distinguished by their morphology and their
degree of ubiquitin immunoreactivity. Interpreted in the
context of experimental data on ubiquitinization of abnor-
mally folded proteins and subsequent proteasomal degra-
dation [12, 13, 16], we suggest that these different types
of inclusions represent different stages of LB formation.
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