P300 amiplitude, we assume that the P300
manifests the activation of some infor-
mation processing activity that is in-
voked by the appearance of task-rele-
vant events, its amplitude inversely re-
lated to its expectancy. It has been sug-
gested that this ‘‘subroutine’” is involved
in updating, or revising, the model of the
environment maintained in working
memory (/6). The resources on which
this updating activity depends seem to be
limited in their availability, and, when
deployed in the service of one task, their
availability to be of service to other tasks
is reduced.
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Lewy Bodies of Parkinson’s Disease Contain

Neurofilament Antigens

Abstract. The Lewy body, a histological hallmark of Parkinson’s disease, is a
filamentous inclusion residing most prominently in pigmented neurons of the
brainstem. Immunocytochemical reactions of Lewy bodies were examined with
antisera to several filamentous proteins of the nervous system and positive reactions
were found with those against neurofilaments. An abnormal organization of the
neuronal cytoskeleton may be a pathological feature of Parkinson’s disease.

Parkinson’s disease (PD) is a progres-
sive, neurodegenerative disorder charac-
terized by dysfunction in tone, move-
ment, and posture. Decreased dopamine
levels in the nigrostriatal pathway have
been observed in PD (/). Since the dopa-
mine deficit is accompanied by a loss of
neurons in the substantia nigra (2), it is
likely that neurotransmitter losses are
secondary to neuronal death. It is there-
fore important to identify abnormalities
of neuronal form and function in addition
to neurotransmitter decreases. In this
report we present evidence for a marked
disorganization of the neuronal cytoskel-
etal system in neurons of PD by demon-
strating that the Lewy body, a histologi-
cal hallmark of idiopathic PD, contains
neurofilament antigens.

Lewy bodies are intraneuronal, cyto-
plasmic inclusions that were originally
described in neurons of the substantia
innominata and dorsal motor nucleus of
the vagus (3). They have since been
found in neurons of the substantia nigra
and other brainstem nuclei (particularly
those that are aminergic) and in the hy-
pothalamus, spinal cord, sympathetic
ganglia, and, rarely, the cerebral cortex

(2, 4). Although Lewy bodies have been
recognized for many years by neurolo-
gists and neuropathologists, nothing has
been known about their molecular com-
position, save that histological reactions
have implied a proteinaceous nature (5).
Since they represent an abnormality that
accompanies neuronal loss in a major
neurodegenerative disease, the identifi-
cation of their components may help to
illuminate the details of abnormal nerve
cell metabolism.

Ultrastructural studies have demon-
strated that Lewy bodies are composed
of filamentous structures. At the periph-
ery the filaments emerge radially, often
admixed with granular or vesicular mate-
rial. The denser core is composed of
apparently random, tightly packed ag-
gregations of filaments, vesicular pro-
files, and poorly resolved granular mate-
rial (6, 7). The diameter of the filaments
has been given as 7 to 8 nm (6, 7), a size
commensurate with that of intermediate
filaments, which are polymeric organ-
elles composed of a class of acidic pro-
teins found in a wide variety of cell types
(8). The intermediate filaments of neu-
rons, neurofilaments, seem to be pecu-
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liar to neurons, however (9), and are
composed of three major proteins with
molecular weights around 210,000,
160,000, and 70,000. These proteins ap-
pear to be separate gene products but
share structural features and antigenic
sites (10). Given the availability of anti-
sera to several central nervous system
(CNYS) filamentous proteins and the use
of immunocytochemical techniques, we
examined the reactions of Lewy bodies
with a series of antisera against CNS
filament proteins. Of all those tested,
only those specific for neurofilament
proteins gave positive results.

Using a peroxidase-antiperoxidase
technique (PAP) (/1), we performed im-
munocytochemistry on paraffin sections
of brains from four patients with idio-
pathic PD and from one patient with PD
and dementia whose cerebral cortex also
contained Lewy bodies. We used four
different rabbit antisera to neurofilament
(NF) polypeptides: antiserum 1, raised
against rat NF protein of 210,000 dal-
tons; antiserum 2, raised against rat NF
protein of 70,000 daltons (the antigens
used in raising antisera 1 and 2 had been
isolated in electrophoretically pure form
from rat CNS by column chromatogra-
phy) (12); antiserum 3, raised against
human NF protein of 210,000 daltons,
the antigen having been cut out of poly-
acrylamide gels after sodium dodecyl
sulfate—gel electrophoresis (13); and anti-
serum 4, raised against reassembled bo-
vine NF’s (/4). By immunocytoche-
mistry on tissue sections all antisera re-
acted with round inclusions in the cell
bodies of nigral and cortical neurons, the
morphology of which appeared to be
typical of Lewy bodies (Fig. 1). Many
inclusions displayed homogeneous stain-
ing, while others showed accentuation of
the periphery.

To demonstrate conclusively that the
immunocytochemical reaction recog-
nized Lewy bodies, we stained sections
with hematoxylin and eosin to show
Lewy bodies by their characteristic eo-
sinophilia and photographed a number of
inclusions. The slides were then decolor-
ized and treated with NF antiserum, and
the bound immunoglobulin was detected
by the PAP method. Thus, the same
neuron could be viewed after staining by
the two techniques. All Lewy bodies
identified by their eosinophilia also re-
acted with NF antiserum (Fig. 1); con-
versely, all NF-positive profiles in neu-
ronal cell bodies were sites of Lewy
bodies. The specificity of the reaction
was tested by adsorbing the antiserum to
the 210,000-dalton NF protein and the
antiserum to the 70,000-dalton NF pro-
tein with the column-purified 210,000-
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and 70,000-dalton polypeptides, respec-
tively. Prior adsorption prevented subse-
quent PAP reaction (Fig. 1). That Lewy
bodies were indeed present on the sec-
tions stained with the adsorbed antisera
was confirmed by subsequent staining
with hematoxylin and eosin.

In addition to testing the NF antisera,
we tested a rabbit antiserum against
chicken gizzard actin that reacts with
actin in the mammalian CNS (/5) and a
rabbit antiserum raised against a two-
cycle purified CNS microtubule fraction
(2XMT) that reacts with the neurofibril-
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Fig. 1. Reaction of the rounded, cytoplasmic Lewy bodies in pigmented nigral neurons (A to D)
and a cortical neuron (E) with antiserum 1 (arrowheads). Binding of antibody (1:250 dilution of
antiserum) was visualized by subsequent reaction with swine antiserum to rabbit immunoglob-
ulin G, rabbit PAP, and diaminobenzidine (13, 15, 16). In several Lewy bodies the core remains
unstained (A to C), while other inclusions stain more diffusely (D and E). The PAP reaction of
NF antisera with axons (arrows in A to C) is a normal finding. Magnifications: (A) to (C), x530;
(D) and (E), x750. (F) Section of substantia nigra after reaction with antiserum 1 (1:250
dilution) adsorbed with the 210,000 NF protein (10 pg/ml). Neither Lewy bodies nor axons
show reaction product. The dark, granular material in the nigral neurons in (A) to (D) and (F) is
neuromelanin, which did not react with any of the antisera (x200). (G) Section of substantia
nigra stained by hematoxylin and eosin, showing two Lewy bodies (arrowheads) (x350). (H)
PAP reaction of the same neurons shown in (G) after destaining and restaining with the NF
antiserum, demonstrating that the two Lewy bodies (arrowheads) react with the antiserum
(x350).
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lary tangles of Alzheimer’s disease but
does not behave like an antiserum to
tubulin (/6). Neither the actin nor the
2XMT antiserum reacted with Lewy
bodies. Nonimmune rabbit serum did not
react with sections.

Our immunocytochemical observa-
tions demonstrate a specific molecular
constituent in Lewy bodies. It is likely
that the filaments of the inclusions are
indeed NF’s, perhaps in some abnormal
form, although immunocytochemistry at
the ultrastructural level must be per-
formed to demonstrate this conclusively.
Since the antisera we used react with all
three NF polypeptides (/7), we cannot
yet conclude whether all three proteins
are present in the Lewy body filaments.
The use of monospecific antibodies, ei-
ther polyclonal or monoclonal, will help
to answer this question.

The filamentous organization in Lewy
bodies does not appear to be similar to
that of several other abnormal filamen-
tous accumulations in the nervous sys-
tem. Thus, Lewy body filaments are not
helical, like the paired helical filaments
of neurofibrillary tangles (/8). Individual
paired helical filaments have been ob-
served at the periphery of Lewy bodies
(7) or within Lewy bodies in nerve cell
processes (/9), and an occasional neuron
contains both a Lewy body and a neuro-
fibrillary tangle (7, 20). The differences
in structure and the lack of reaction with
the 2XMT antiserum argue, however,
that the mechanism underlying Lewy
body formation is not common to that
producing tangles, although a given neu-
ron is capable of generating both types of
filamentous abnormalities.

Lewy bodies also do not appear to be
similar to the skeins of NF’s described in
anterior horn cells in amyotrophic lateral
sclerosis, in canine motor neuron dis-
ease, and in several toxic neuropathies
(21). In these disorders, apparently nor-
mal NF’s are organized in large bundles
in perikarya or axons, an abnormality
associated with blockade of slow axonal
flow (22). Filaments in Lewy bodies, in
contrast, appear to be far more randomly
arranged and are associated with ill-de-
fined vesicular and granular material.
Structures similar to the Lewy body
have been described, however, in neu-
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rons of patients with familial and Guama-
nian forms of amyotrophic lateral sclero-
sis (19, 23), indicating that Lewy body
formation may be a pathological feature
of degenerative motor neuron disease.
Our observations indicate that a
marked disorganization of NF proteins is
a pathological feature of PD. It is of
interest that several of the most common
neuronal inclusions seen in neurodegen-
erative diseases appear to contain fila-
mentous proteins. For example, the
paired helical filaments of Alzheimer’s
disease and the filaments of Pick bodies
appear to be antigenically related to in-
termediate filaments (24), and the thin
filamentous inclusions (Hirano bodies) in
hippocampal neurons of Alzheimer’s dis-
ease contain actin (/5). Lewy body for-
mation may not reflect an altered metab-
olism of NF proteins per se but rather
an abnormal filamentous organization
secondary to another primary metabolic
abnormality. Nevertheless, since NF’s
and contractile proteins appear to play
major roles in such processes as axonal
and dendritic growth and axonal trans-
port, alterations in filament organization
may in turn profoundly affect neuronal
shape and fundamental cellular function.
Note added in proof: Forno et al. (25)
have reported the immunocytochemical
reaction of the periphery of Lewy bodies
and of neurofibrillary tangles with a
monoclonal antibody that also recog-
nizes NF protein.
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