
Abstract We reclassified the pathological subtypes of de-
mentia with Lewy bodies (DLB), based on both Lewy pa-
thology and Alzheimer pathology, to clarify the patholog-
ical entity of DLB and the boundary between DLB and
Alzheimer’s disease (AD) in autopsied cases, using both
pathological and immunohistochemical methods. DLB was
classified as either limbic type or neocortical type accord-
ing to the degree of Lewy pathology including Lewy bod-
ies (LB) and LB-related neurites by our staging, and was
classified as pure form, common form or AD form ac-
cording to the degree of Alzheimer pathology including
neurofibrillary tangles (NFT) and amyloid deposits by Braak
staging. These combined subtypes were lined up on a
spectrum, not only with Lewy pathology but also with
other DLB-related pathologies including Alzheimer pa-
thology, neuronal loss in the substantia nigra, spongiform
change in the transentorhinal cortex and LB-related neu-
rites in the CA2–3 region. In contrast, the Lewy pathology
of AD did not meet the stages of Lewy pathology in DLB,
and there were scarcely any similarities in other DLB-re-
lated pathologies between AD and DLB. In addition, the
Lewy pathology of AD had characteristics different from
that of DLB, including the coexistence rate of LB with
NFT, and the immunohistochemical and immunoelectron
microscopic findings of LB and LB-related neurites. These
findings suggest that DLB is a distinctive pathological en-
tity that can be differentiated from AD, although it shows
some pathological subtypes.
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Introduction

Dementia with Lewy bodies (DLB) is the second most fre-
quent neurodegenerative dementing disorder after Alzhei-
mer’s disease (AD) [24]. DLB is clinically characterized
by progressive dementia, which is frequently accompa-
nied by parkinsonism and psychiatric symptoms, and is
pathologically characterized by the occurrence of Lewy
bodies (LB) in the brain [18, 24]. The LB are morpholog-
ically divided into brainstem type and cortical type.
Brainstem-type LB are found in the brainstem nuclei and
diencephalons, while cortical-type LB are preferentially
found in the cerebral limbic cortices and amygdala [17].
Although the occurrence of LB is the only feature essen-
tial for the pathological diagnosis of DLB, LB-related
neurites in the CA2–3 region of the hippocampus, Alzhei-
mer pathology in the cerebral cortex, neuronal loss in the
brainstem nuclei, and spongiform change in the transen-
torhinal cortex are also frequently seen in DLB [24].

In the Consensus guidelines for pathological diagnosis
of DLB, DLB has been classified into three pathological
subtypes including the brainstem-predominant type, lim-
bic type and neocortical type, based on the distribution of
LB [24]. The pathological entity of DLB is, however, not
sufficiently established, because the criteria for the classi-
fication of these subtypes are not practical for Lewy pa-
thology, the boundary between DLB and Parkinson’s dis-
ease (PD) is unclear, and DLB is accompanied by Alzhei-
mer pathology in various degrees. It has been recently re-
ported that AD cases, including familial and sporadic cases,
occasionally show LB in the limbic region, especially in
the amygdala [1, 8, 21, 22]. These findings also make the
pathological boundary between DLB and AD indistinct.

It is sometimes difficult to differentiate cortical-type LB
from other neuronal structures, such as neurofibrillary tan-
gles (NFT) and ballooned neurons, using hematoxylin-
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eosin (HE) staining. Anti-ubiquitin antibodies sensitively
detect LB, but are not specific for LB [20]. Recently, α-synu-
clein has been recognized as a major component of LB,
and anti-α-synuclein antibodies exclusively detect LB in
PD and DLB brains [3, 28].

We have previously proposed new pathological sub-
types for DLB, using autopsied cases [14]. Furthermore,
we prepared the staging to evaluate the degree of Lewy
pathology including LB and LB-related neurites in the
cerebrum [23]. LB and LB-related neurites were defined
as α-synuclein-positive structures in the neuronal cell
body, and α-synuclein-positive structures in the dendrites
and axons, respectively.

In the present study, we reclassified the pathological sub-
types of DLB, according to our staging of Lewy pathol-
ogy and Braak staging of Alzheimer pathology [4] to clar-
ify the pathological entity of DLB, and showed that DLB
could be pathologically differentiated from AD.

Materials and methods

We examined 51 autopsied cases (mean age 76.7 years; mean brain
weight 1,102 g) preserved in our laboratory. All the cases had
shown progressive dementia without a family history of dementia,
and 31 out of 51 cases had shown parkinsonism after or before de-
mentia. All the cases pathologically demonstrated some Lewy pa-
thology at least in the amygdala, and also some Alzheimer pathol-
ogy at least in the limbic region.

The brains were fixed in 4% paraformaldehyde in 0.1 M phos-
phate buffer (pH 7.4). Two coronal slices of the cerebral hemi-
spheres through the levels of the mamillary body and lateral genic-
ulate body, and two horizontal slices of the midbrain through the
red nucleus and the pons through the locus ceruleus were embed-
ded in paraffin. The 6-µm-thick sections were stained using the
HE, Klüver-Barrera (KB), methenamine silver (MS) and Gallyas-
Braak (GB) methods for pathological examination. The serial sec-
tions were also immunostained with anti-α-synuclein (SyαC: poly-
clonal, rabbit, 1:200) [23], anti-PHF tau (AT8: monoclonal, mouse,
1:2,000, Innogenetics, Belgium) and anti-Aβ (polyclonal, rabbit,
1:5,000, donated by Dr. T. Ishii) antibodies. Immunolabeling was
detected using the avidin-biotin-horseradish peroxidase complex
(ABC) method (Elite Kit: Vector, USA), and visualized with di-
aminobenzidine (DAB: Wako, Japan). In addition, the sections
were double-immunostained with SyαC and AT8. Immunolabel-
ing was detected using the ABC method and the ABC-alkaline
phosphatase method (ABC-AP Kit: Vector), and visualized with
DAB and fast blue, respectively. Before immunostaining, these
sections were pretreated with 70% formic acid for 10 min for SyαC
and anti-Aβ antibody.

Lewy pathology including LB and LB-related neurites was
evaluated with SyαC immunostaining, and Alzheimer pathology
including NFT and amyloid deposits was evaluated with AT8 and
Aβ immunostaining, respectively. The number of SyαC-positive
LB was counted on microscopic fields (field size: 0.66 mm2) at
×200 magnification in the amygdala, the limbic cortex (the transen-
torhinal or insular cortex) and the neocortex (the middle temporal
or superior frontal cortex). The average number of the largest three
values obtained for each region was calculated and scored from (0)
to (4): (0) absent; (1) >0–1; (2) >1–3; (3) >3–9; (4) >9. The degree
of SyαC-positive LB-related neurites was graded from (–) to
(+++): (–) absent; (±) rare; (+) some; (++) many; (+++) numerous.
The progression of Lewy pathology in the cerebrum was classified
from stages I to IV, based on the number of LB and the degree of
LB-related neurites, by our staging [23] (Table 1). The progression
of Alzheimer pathology was classified from stages I to VI and
from stages A to C by Braak staging [4]. The degree of neuronal
loss in the substantia nigra and locus ceruleus was evaluated with
HE staining. In the substantia nigra, the total number of pigmented
neurons in each quarter was counted and scored from (0) to (4): (0)
≥500; (1) >300–500; (2) >150–300; (3) >50–150; (4) ≤50, whereas
in the locus ceruleus, the number of pigmented neurons was
counted and scored from (0) to (4): (0) ≥50; (1) >30–50; (2)
>15–30; (3) >5–15; (4) ≤5. In addition, Lewy pathology in the sub-
stantia nigra and locus ceruleus was evaluated with SyαC immu-
nostaining. The number of SyαC-positive LB was counted and
scored from (0) to (4): in the substantia nigra, (0) absent; (1) 1–10;
(2) 11–25; (3) 26–50; (4) >50, and in the locus ceruleus, (0) absent,
(1) 1–5; (2) 6–10; (3) 11–20; (4) >20. The degree of SyαC-posi-
tive LB-related neurites was graded from (–) to (+++): (–) absent;
(±) rare; (+) some; (++) many; (+++) numerous. The degree of
spongiform change in the transentorhinal cortex was evaluated
with HE staining, and was scored from (0) to (4): (0) absent; (1)
very mild; (2) mild; (3) moderate; (4) severe. The degree of LB-re-
lated neurites in the CA2–3 region of the hippocampus was evalu-
ated with SyαC-immunostaining, and was scored from (0) to (4):
(0) absent; (1) rare; (2) some; (3) many; (4) numerous. The rate of
coexistence of LB with NFT in the amygdala was evaluated with
double-immunostaining of SyαC and AT8, and was represented as
the percentage of double-positive neurons in SyαC-positive and
double-positive neurons.

All statistical analyses were performed using SPSS software
(version 10.0) for Windows. Analysis of variance (ANOVA) was
performed for continuous variables such as the scores between sub-
types. If there was a significant difference, Tukey tests were per-
formed to establish where the difference lay. P values under 5%
were accepted as indicating significance.

For immunoelectron microscopy, small blocks including the
amygdala in the DLB and AD cases were cut into 40-µm-thick vi-
bratome sections and immunostained with SyαC (1:100) by the
ABC procedure. The sections were postfixed with 2.5% glu-
taraldehyde and 2% OsO4, embedded in Epon, cut into ultrathin
sections, and stained with lead citrate.

Results

DLB was pathologically and immunohistochemically de-
fined as having Lewy pathology of stages I–IV by our stag-
ing, and was classified into some pathological subtypes
according to either Lewy pathology or Alzheimer pathol-
ogy. The limbic type and neocortical type corresponded to
stages I–II and stages III–IV of Lewy pathology, respec-
tively, whereas the pure form, common form and AD form
corresponded to stages I–II/stages 0–A, stages II–III/
stages B–C, and stages IV–VI/stage C of Alzheimer pathol-
ogy, respectively. Consequently, 34 out of 51 cases ful-
filled the definition of DLB, and were divided into the
combined subtypes of Lewy pathology and Alzheimer pa-
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Table 1 Staging of progress of Lewy pathology. Pathology was
scored as: LB, (0) absent; (1) >0–1; (2) >1–3; (3) >3–9; (4) >9;
LB-related neurites, (–) absent; (±) rare; (+) some; (++) many;
(+++) numerous (LB Lewy bodies)

Stage I Stage II Stage III Stage IV

Amygdala 2 3 3~4 3~4
(+) (+~++) (++~+++) (++~+++)

Limbic cortex  2 2~3 3 3~4
(V–VI layers) (–~±) (+) (++) (+++)

Neocortex  1 1~2 2~3 3~4
(V–VI layers) (–) (–~±) (+) (++)



thology (Table 2). The common form was the most fre-
quent in both the limbic and neocortical types. The pure form
was more frequently found in the limbic type, whereas the
AD form was found only in the neocortical type. Immu-
nohistochemically, many LB with LB-related neurites
were found in the amygdala, and subsequently in the lim-
bic cortex in both the limbic and neocortical types, whereas
many LB and LB-related neurites were found in the neo-
cortex in the neocortical type, with some found in the lim-
bic type (Fig. 1A, B).
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Table 2 Incidence of 34 DLB cases in each subtype of Lewy or
Alzheimer pathology (DLB dementia with LB, AD Alzheimer’s
disease)

LB pathology AD pathology Total

Pure Common AD 
form form form

Limbic type 5 11 0 16
Neocortical type 2 10 6 18
Total 7 21 6 34

Fig. 1 A Some LB with many LB-related neurites in the amygdala
of DLB. B Some LB with LB-related neurites in the transentorhi-
nal cortex of DLB. C Some LB with only a few LB-related neu-
rites in the amygdala of AD. D An LB without LB-related neurites
in the transentorhinal cortex of AD. E Loss of pigmented neurons
in the substantia nigra of DLB. F A few LB with LB-related neu-
rites in the substantia nigra of DLB. G Spongiform change in the
transentorhinal cortex of DLB. H Many LB-related neurites in the
CA2–3 region of DLB. I Coexisting neurons (arrows) with some

LB in the amygdala of DLB. J Coexisting neurons (arrows) with
some NFT in the amygdala of AD. K LB-related neurites sur-
rounding amyloid deposits in the amygdala of DLB. L LB-related
neurites surrounding amyloid deposits in the amygdala of AD (LB
Lewy body, DLB dementia with LB, SyαC anti-α-synuclein, AD
Alzheimer’s disease, HE hematoxylin and eosin, NFT neurofibril-
lary tangle). A–D, F, H SyαC immunostaining; E, G HE staining
I–L double immunostaining with SyαC (brown) and AT8 (blue)



Out of 51 cases, 17 were diagnosed as AD, because
Lewy pathology did not meet stages I–IV, while Alzhei-
mer pathology showed stages IV–VI/stage C correspond-
ing to definite AD [25]. These cases showed LB corre-
sponding to stages I–III in the amygdala, although the LB
were accompanied by only a few LB-related neurites 
(Fig. 1C). LB were rare in the limbic cortex, and absent in
the neocortex (Fig. 1D). Of the 17 cases, 4 also showed
some LB in the CA1 and subiculum of the hippocampus,
in addition to the amygdala.

ANOVA demonstrated that there were significant dif-
ferences between combined subtypes of DLB and AD
with respect to all factors (P<0.05).

In the 34 DLB cases, the substantia nigra and locus
ceruleus showed a loss of pigmented neurons in varying
degrees (Fig. 1E). The degree of neuronal loss in the sub-
stantia nigra and locus ceruleus is shown in each com-
bined subtype of DLB, as well as in the AD cases (Table
3). The differences among the subtypes were more clearly
found in the substantia nigra than in the locus ceruleus.
Neuronal loss in the substantia nigra was most severe in
the neocortical type/pure form, while it varied from mild
to severe in the neocortical type/common and AD forms.
The 17 AD cases showed only mild neuronal loss in the sub-
stantia nigra, although one case revealed moderate neu-
ronal loss.

In the 34 DLB cases, the substantia nigra and locus ceru-
leus showed Lewy pathology in various degrees (Fig. 1F).
The number of SyαC-positive LB and degree of SyαC-
positive LB-related neurites in the substantia nigra and lo-
cus ceruleus are shown in each combined subtype of DLB,
as well as in the AD cases (Table 4). The number of LB in
the substantia nigra was largest in the neocortical type/
common form, whereas it was smallest in the neocortical
type/pure form, although the degree of LB-related neu-
rites was not always proportional to the number of LB. Of
the 17 AD cases, 10 showed no Lewy pathology in the
substantia nigra; 6 out of the remaining 7 cases revealed
only a few LB, with LB-related neurites rare, although 4
out of the 6 cases were the same cases as those with some
LB in the hippocampus. Only one case showed moderate
Lewy pathology with neuronal loss.

In the DLB cases, the transentorhinal cortex showed
spongiform change in various degrees (Fig. 1G). The degree
of spongiform change in the transentorhinal cortex is shown
in each combined subtype of DLB, and in the AD cases
(Table 5). Spongiform change was most severe in the neo-
cortical type/AD form, whereas it was mildest in the neo-
cortical type/pure form. A few AD cases showed moderate
spongiform change, although in most cases it was only mild.

In the DLB cases, the CA2–3 region of the hippocampus
showed LB-related neurites in various degrees (Fig. 1H).
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Table 3 Degree of neuronal loss in the brainstem. Values represent mean ± SD, scored as: for SN, (0) ≥500; (1) >300–500; 
(2) >150–300; (3) >50–150; (4) ≤50; for LC, (0) ≥50; (1) >30–50; (2) >15–30; (3) >5–15; (4) ≤5 (SN substantia nigra, LC locus ceruleus)

DLB limbic DLB limbic DLB neocortical DLB neocortical DLB neocortical AD
pure common pure common AD

SN* 2.4±0.5 2.2±0.4 3.0±0.0 2.2±0.6 2.2±0.8 0.9±0.8
LC** 2.6±0.5 2.5±0.7 2.5±0.7 2.8±0.4 2.0±0.6 1.7±0.9

*Tukey test: AD < DLB limbic pure, common, neocortical pure, common and AD (P<0.05), **Tukey test: AD < DLB neocortical com-
mon (P<0.05)

DLB limbic DLB limbic DLB neocortical DLB neocortical DLB neocortical AD
pure common pure common AD

SN* 2.0±0.7 2.2±0.9 1.0±0.0 3.1±0.7 2.0±0.0 0.5±0.6
+~++ +~+++ +~++ ++~+++ +~++ –~++

LC** 1.6±0.5 1.9±0.7 2.0±0.0 2.0±0.9 2.0±0.9 0.1±0.3
+~++ +~+++ ++~+++ ++~+++ +~++ –~++

*Tukey test: AD<DLB limbic pure, common, neocortical common and AD (P<0.05), DLB limbic common, neocortical pure and AD < DLB
neocortical common (p<0.05), **AD <DLB limbic pure, common, neocortical pure, common and AD (P<0.05)

Table 4 Number of LB and degree of LB-related neurites in the
brainstem. Values represent mean ± SD of LB was scored as: for
SN, (0) absent; (1) 1–10; (2) 11–25; (3) 26–50; (4) >50; for LC, (0)

absent, (1) 1–5; (2) 6–10; (3) 11–20; (4) >20. The degree of LB-re-
lated neurites: (–) absent; (±) rare; (+) some; (++) many; (+++) nu-
merous

Table 5 Degree of spongiform change in the TEC. Values represent mean ± SD scored as: (0) absent; (1) very mild; (2) mild; (3) mod-
erate; (4) severe (TEC transentorhinal cortex)

DLB limbic DLB limbic DLB neocortical DLB neocortical DLB neocortical AD
pure common pure common AD

TEC* 1.2±0.4 1.3±0.5 1.0±0.0 2.2±0.4 3.0±0.6 1.1±1.1

*Tukey test: AD, DLB limbic pure, common and neocortical pure < DLB neocortical AD (P<0.05), AD <DLB neocortical common
(P<0.05)



The degree of LB-related neurites in the CA2–3 region is
shown in each combined subtype of DLB, and in the AD
cases (Table 6). There were many LB-related neurites in the
neocortical type/pure, common and AD forms, especially in
the pure form. In contrast, they were absent in the AD cases,
except for one case with some LB in the hippocampus.

Most of the DLB cases showed coexistence of LB with
NFT to various degrees. These DLB cases showed many
LB, in addition to coexisting neurons. The coexisting neu-
rons demonstrated intermingled SyαC- and AT8-positive
substances (Fig. 1I). In contrast, most of the AD cases had
no LB other than coexisting neurons and many NFT. The
coexisting neurons demonstrated a superimposed aggre-
gation of SyαC-positive substances on AT8-positive NFT
(Fig. 1J). SyαC- and AT8-positive neurites were found
separately surrounding amyloid deposits in the DLB cases
(Fig. 1K), whereas SyαC was double-immunostained in
some of the AT8-positive neurites in the AD cases (Fig. 1L).

The rate of coexistence of LB with NFT in the amyg-
dala is shown in each combined subtype of DLB, and in
the AD cases (Table 7). The coexistence rate was highest
in the neocortical type/AD form, reasonably high in the
neocortical type/common form, and lowest in the neocor-
tical type/pure form. In contrast, the coexistence rate was
almost 100% in the AD cases, although 4 cases with some
LB in the hippocampus revealed only a few LB.

Clinical data of all 51 cases are shown in each com-
bined subtype of DLB, and in the AD cases (Table 8). In

the DLB cases, the onset of disease was the oldest in the
limbic type/pure and common forms, subsequently old in
the neocortical type/common and AD forms, and middle-
aged in the neocortical type/pure form. The initial symp-
tom was dementia in the neocortical type/common and
AD forms, whereas it was parkinsonism in the neocortical
type/pure form. In the limbic type, the initial symptom
was more frequently parkinsonism in the pure form, whereas
it was dementia in the common form.

SyαC immunoelectron microscopy revealed compact
bundles of SyαC-positive granulo-filamentous compo-
nents measuring 10–20 nm in diameter in the LB and LB-
related neurites of the DLB cases (Fig. 2A–C), whereas
SyαC-positive filamentous components measuring 20–
30 nm in diameter were joined to the loosened portion of
bundles of paired helical filaments (PHF) in the LB and
LB-related neurites of the AD cases (Fig. 2D–F).

Discussion

Consensus guidelines for the pathological diagnosis of DLB
classified DLB into three pathological subtypes: the brain-
stem-predominant, limbic and neocortical [24]. However,
we previously examined 23 autopsied cases of DLB using
ubiquitin or α-synuclein immunohistochemistry, and showed
that these cases could not be practically classified into
three subtypes, because most of them were of the neocorti-
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Table 6 Degree of LB-related neurites in the CA2–3 region of the hippocampus. Mean ± SD: scoring: (0) absent, (1) rare; (2) some;
(3) many; (4) numerous

DLB limbic DLB limbic DLB neocortical DLB neocortical DLB neocortical AD
pure common pure common AD

CA2–3* 1.4±0.5 0.7±0.5 3.5±0.7 2.3±0.8 2.7±0.5 0.1±0.2

*Tukey test: DLB limbic pure <DLB neocortical pure, common and AD (P<0.05), AD <DLB limbic pure, common, neocortical pure,
common and AD (P<0.05), DLB limbic common <DLB neocortical pure, common and AD (P<0.05)

Table 7 Coexistence rate of LB with NFT. Mean ± SD of percentage [(coexisting neurons/coexisting neurons and LB)×100] (NFT neu-
rofibrillary tangles, AM amygdala)

DLB limbic DLB limbic DLB neocortical DLB neocortical DLB neocortical AD
pure common pure common AD

AM* 4.0±4.6% 10.5±9.3% 1.0±1.4% 16.2±7.3% 46.8±3.0% 97.8±4.0%

*Tukey test: DLB limbic pure <AD, DLB neocortical common
and AD (P<0.05), DLB limbic common <AD and DLB neocorti-
cal AD (P<0.05), DLB neocortical pure <AD, DLB neocortical

common and AD (P<0.05), DLB neocortical common <AD and
DLB neocortical AD (P<0.05), DLB neocortical AD <AD
(P<0.05)

Table 8 Clinical data. Values in parenthesis indicate the number of cases (D dementia, P parkinsonism)

DLB limbic DLB limbic DLB neocortical DLB neocortical DLB neocortical AD
pure common pure common AD

Age at death (years)* 81.4±9.1 81.9±5.4 48.5±2.1 77.9±5.7 76.0±9.2 74.9±9.6
Duration (years)** 7.6±6.3 6.2±4.6 8.5±2.1 3.8±1.2 4.7±1.6 9.2±3.9
Initial symptom P (3), D (2) D (7), P (4) P (2) D (10) D (6) D (17)
Brain weight (g)*** 1274±34 1115±86 1055±7 1172±144 1081±84 1014±155

*Tukey test: DLB neocortical pure <AD, DLB limbic pure, common, neocortical common and AD (P<0.05), **Tukey test: DLB neo-
cortical common <AD (P<0.05), ***Tukey test: AD <DLB limbic pure (P<0.05)



cal type, not the brainstem-predominant type [14]. There-
fore, we classified DLB into more detailed pathological
subtypes, based on the regional incidence of LB, degree
of Alzheimer pathology and degree of neuronal loss in the
substantia nigra [14]. These subtypes were correlated to
some extent with clinical features.

However, these previous subtypes of DLB were not
sufficiently evaluated on the progress of Lewy pathology
including LB and LB-related neurites in the cerebrum.
Thereafter, we demonstrated that α-synuclein accumulates

first in the axonal terminal, subsequently in the neuronal
cell body, and finally in the dendrites, showing six devel-
opmental stages of LB [16], and that Lewy pathology in
the cerebrum progresses first in the amygdala, subse-
quently in the limbic cortex, and finally in the neocortex
[23]. Based on this progression of Lewy pathology, we
quantitatively evaluated the incidence of LB and LB-re-
lated neurites in the amygdala, limbic cortex and neocor-
tex of DLB cases, and graded Lewy pathology from stage I
to stage IV [23]. Very recently, staging of Lewy pathology
was performed using PD cases, and Lewy pathology was
graded from stage I to stage VI [5]. This study suggested
that Lewy pathology progresses from the lower brainstem
to the cerebrum, which is in agreement with the results of
other studies [7, 15]. However, Lewy pathology in the
cerebrum in stages IV–VI overlaps with that of our stages
in DLB cases, suggesting that these PD cases include DLB
cases, or that PD has the pathological continuity with
DLB [15].

In the present study, we reclassified DLB into com-
bined subtypes of Lewy pathology and Alzheimer pathol-
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Fig. 2 A An LB in the amygdala of DLB. B Higher magnification
of A. Note SyαC-positive granulo-filamentous components (ar-
rows). C An LB-related neurite in the amygdala of DLB. Note
SyαC-positive granulo-filamentous components (arrows). D An
LB in the amygdala of AD. Note SyαC-positive areas (arrows) E
Higher magnification of D; SyαC-positive filamentous compo-
nents (arrows) are joined to PHF. F An LB-related neurite in the
amygdala of AD. SyαC-positive filamentous components (arrows)
are joined to PHF (PHF paired helical filaments). A–F SyαC im-
munoelectron microscopy; A ×4,300; B, C ×19,000; D ×5,400;
E ×18,000; F ×25,000



ogy. We classified DLB into limbic type or neocortical
type by our staging of Lewy pathology. Lewy pathology
in the brainstem-predominant type was defined to be be-
low stage I. The cerebral type [19] was included either in
the limbic type or the neocortical type. Consequently, all
34 DLB cases were divided into the limbic type or the
neocortical type, but not the brainstem-predominant type.
Some of the limbic type DLB and the neocortical type/
pure form DLB cases may be clinically PD with dementia
[24], because parkinsonism preceded dementia in these
cases. However, these cases showed the direct pathologi-
cal continuity with other DLB cases, probably PD cases
[5], suggesting that PD with dementia lies among DLB
and PD.

DLB is accompanied by Alzheimer pathology in vary-
ing degrees, so that entities such as senile dementia of Lewy
body type [27] and Lewy body variant of AD [9] have
been proposed. In addition, AD occasionally exhibits LB
in the amygdala [1, 8, 21, 22]. These findings make the
pathological boundary between DLB and AD indistinct.

In the present study, we classified DLB into pure form,
common form or AD form by Braak staging for Alzhei-
mer pathology. Alzheimer pathology of the AD form cor-
responded to that of AD. Consequently, the common form
was most frequently found in both the limbic and neocor-
tical types. The pure form was more frequently found in
the limbic type, whereas the AD form was found only in
the neocortical type. These findings show that DLB cases
with severe Alzheimer pathology tend to show severe
Lewy pathology, suggesting that Alzheimer pathology ex-
acerbates Lewy pathology in DLB [6, 23].

Lewy pathology in all 17 AD cases did not meet the
stages of Lewy pathology. Lewy pathology was found to
be limited almost solely to the amygdala, was rare in the
limbic cortex, and absent in the neocortex, although 4 out
of the 17 cases also showed some Lewy pathology in the
hippocampus. In addition, the LB were accompanied by
only a few LB-related neurites even in the amygdala, un-
like those in DLB. There are almost no differences in the
distribution of Lewy pathology in AD cases between the
present study and previous studies [1, 8, 21, 22]. Some
studies showed Lewy pathology in the neocortex and sub-
stantia nigra, in addition to the amygdala, in AD cases [6,
15, 26]. These cases are likely to include the AD or com-
mon form DLB cases.

In the present study, the degree of Lewy pathology in
the brainstem was evaluated by the degree of loss of pig-
mented neurons and the number of LB and LB-related
neurites. Neither finding was proportional, and frequently
showed a reciprocal relationship, in that the cases with
more severe neuronal loss demonstrated a smaller number
of LB, suggesting that the number of remaining LB-bear-
ing neurons did not reflect the degree of Lewy pathology
in the brainstem. In addition, the neocortical type/com-
mon and AD forms with severe Lewy pathology in the
cerebrum showed various degrees of Lewy pathology from
mild to severe in the brainstem, suggesting the possibility
that Lewy pathology occasionally progresses from the
cerebrum to the brainstem in DLB, unlike PD [5]. Most of

the AD cases showed only mild neuronal loss without Lewy
pathology in the substantia nigra. However, the 4 AD
cases with some Lewy pathology in the hippocampus showed
only a few LB with rare LB-related neurites, suggesting
that Lewy pathology is exacerbated in both the cerebrum
and brainstem in some of AD cases, although its extent
and degree are much less than in those with DLB. Only
one case showed moderate Lewy pathology with neuronal
loss in the substantia nigra. This case should be regarded
as a combination case of AD and PD.

The degree of spongiform change in the transentorhi-
nal cortex was most severe in the neocortical type/AD
form, whereas it was mildest in the neocortical/pure form.
A few AD cases showed moderate spongiform change, al-
though in most cases it was only mild. These findings
suggest that both Lewy pathology and Alzheimer pathol-
ogy are implicated in the development of spongiform change.

The degree of LB-related neurites in the CA2–3 region
was severe in the neocortical type/pure, common and AD
forms. In contrast, they were absent in all the AD cases
except for one. These findings suggest that Lewy pathol-
ogy in the axonal terminal is almost compatible with that
in the neuronal cell body in DLB [12], although AD
shows no Lewy pathology in the axonal terminal.

It has been reported that LB and NFT coexist in the
same neurons of the limbic region in DLB [2, 13]. LB in
AD also coexist with NFT, although they are morpholog-
ically different from those in DLB [1, 22]. In the present
study, the coexistence rate of LB with NFT in DLB was
highest in the neocortical type/AD form, reasonably high
in the neocortical type/common form, and lowest in the
neocortical type/pure form, suggesting that the rate de-
pends on the number of NFT. In contrast, the coexistence
rate was almost 100% in AD cases, regardless of the num-
ber of NFT. LB in DLB and AD immunohistochemically
showed different morphology on the coexistence with
NFT. Immunoelectron microscopy demonstrated that the
LB and LB-related neurites in DLB were composed of 
α-synuclein-positive Lewy filaments, while the LB and
LB-related neurites in AD were formed by the aggrega-
tion of α-synuclein on the PHF. These findings suggest
that Lewy pathology in AD may develop only in the most
favorable regions of Lewy pathology in PD and DLB [10,
11], that it may develop mainly in the neuronal cell body,
not in the axonal terminal, and that it may develop sec-
ondary to the development of NFT, with the pathomech-
anism different from that in DLB.

In the present study, we reclassified DLB into com-
bined subtypes of Lewy pathology and Alzheimer pathol-
ogy. These subtypes were lined up on a spectrum, not only
with Lewy pathology but also with other DLB-related
pathologies. DLB could be pathologically differentiated,
even from AD showing some Lewy pathology. The pre-
sent study clarified the pathological entity of DLB, com-
pared with AD.
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