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Thefocus ofresearch on the neurofibrillarypathol-
ogy (NFP) ofAlzbeimer disease has been not only
to determine the componentforming thepaired he-
licalfilaments but also to determine whether they
result from abnormal processes affecting a single
protein. Therefore, although these studies have lead
to controversy concerning the respective contribu-
tion of components of microtubules and neurofil-
aments, there has been essentially no consider-
ation of whether other cytoskeletal systems might
also be involved and ofwhat are the common fea-
tures for the incorporated components. Particu-
larly relevant to this issue is ourfinding that several
antisera raised to either skeletal or smooth muscle
tropomyosin, a microfilament component, in-
tensely recognize NFP. These antibodies continue
to recognize NFP after affinitypurification to tropo-
myosin or paired helical filament fractions. We
show that the antibodies do not recognize NFP due
to cross-reactivity with the previously identified
NFP components related to neurofilaments and mi-
crotubules, T, and MAP2, or neurofilament pro-
teins because the antisera did not recognize these
proteins on immunoblots or were not adsorbable
by the proteins. Ultrastructural analysis of the im-
munoreaction showed that tropomyosin-related
epitopes were clustered rather than uniformly dis-
tributed along paired helical and straight fila-
ments. Although the distribution suggests that tro-
pomyosin is an NFP-associated protein, its reten-
tion by paired helical and straight filaments after
detergent extraction indicates that it is an integral
component strongly and specifically associated
with the filaments characteristic of NFP. These

findings indicate that NFP involves the three pri-
mary neuronal cytoskeletal filament systems, mi-
crotubules, neurofilaments, as well as microfila-
ments, and therefore that NFP probably results
from the reorganization of these normalfilaments
that interact to comprise the cytomatrix and may
continue this interaction under thepathologic con-
dition of Alzbeimer's disease to generate novel,
abnormal polymers. (Am J Pathol 1990 13 7:
291-300)

Neurofibrillary pathology (NFP), the characteristic intra-
neuronal filamentous lesion of Alzheimer's disease (AD),
has been studied with the methods available since its de-
scription by Alzheimer in 1906.1 Even with an intense
effort, the cellular origin of NFP has remained a topic of
considerable controversy.'1'2 The structural similarity of the
abnormal filaments constituting NFP, paired helical and
straight filaments, have suggested a relationship to nor-
mal neuronal filaments, ie, the cytoskeleton (the neurofi-
brils of Alzheimer's era). Application of several immuno-
chemical approaches to NFP have indicated the sharing
of epitopes with proteins that comprise either neurofila-
ments3-7 or microtubules57'13 along with considerable
controversy regarding the respective contribution of
each.14116 The contrasting views are either that NFP re-
sults from an abnormality of the microtubule-associated
protein T,910'17 with possible involvement of other pro-
teins,l8 or reorganization and possible collapse of the mi-
crotubule-neurofilament network of interacting filaments
in affected neurons.19-21 The implication of the apparent
controversy is whether NFP occurs as a result and thus
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can be understood through the study of a single compo-
nent.

While studying the Hirano body,2223 a microfilament-
derived intraneuronal inclusion found in normal aging as
well as in AD, we found that NFP is recognized by anti-
bodies to the microfilament protein tropomyosin. Our
findings suggest that the cytoskeletal reorganization of
AD is not limited to r or the microtubule-neurofilament
network and thus may be best studied as a pervasive
reorganization of interacting proteins in the cytomatrix.

Materials and Methods

Tissue

The hippocampal gyrus was taken from eight confirmed
cases of AD (patient age range, 63 to 84 years)24 and two
age-matched controls, fixed in either Bouin's fixative or

10% formalin with phosphate buffer, pH 7.0, for 24 to 72
hours before dehydration and embedding in paraffin. Sec-
tions were cut at 6 ,um.

Antibodies

The following antibodies were used: rabbit antisera raised
to 1) chicken gizzard tropomyosin (gifts of Drs. R. Gold-
man and F. Matsumura),22 and 2) rabbit skeletal muscle
tropomyosin.

Production of Antiserum

One New Zealand rabbit (Hazelton Research Products
Inc., Denver, PA) was immunized subcutaneously with
100 ,ug of rabbit skeletal muscle tropomyosin (Sigma
Chemical Co., St. Louis, MO) at 14-day intervals. The ini-
tial immunogen (in 1 ml) was prepared in Freund's com-

plete adjuvant (Sigma), and all subsequent boosts were

prepared in Freund's incomplete adjuvant (1 ml).

Tropomyosin-sepharose Chromatography

Chicken gizzard tropomyosin (5 mg; Sigma) was used as

the affinity ligand by coupling to cyanogen bromide-acti-
vated Sepharose 4B (Pharmacia, Piscataway, NJ) by us-

ing the procedure recommended by the supplier. The tro-
pomyosin-sepharose was placed in a column and rinsed
with 10% bovine serum albumin in TRIS-buffered saline
(TBS) (50 mmol/l [millimolar] TRIS, pH 7.6, and 150 mmol/
NaCI). After rinsing with TBS, the antiserum (100 ,tl, undi-

luted) was applied to the column at room temperature and
slowly run through. Antibodies not retained (run-off) were
collected, and the column was rinsed with 50 ml of TBS.
Specifically retained antibodies were eluted with 0.1 mol/
(molar) glycine pH 2.5 (eluant). These antibodies were

adjusted to pH 8 with 1 mol/l TRIS and dialyzed against
TBS before they were characterized.

Immunostaining

Sections were immunostained with the antibodies by us-
ing the peroxidase-antiperoxidase procedure25 with 3,3'
diaminobenzidine (DAB) as cosubstrate. Photographs (4
X 5 negative) were taken with a Zeiss Axiophot (Carl
Zeiss, Inc., Thornwood, NY) equipped with planapochro-
matic objectives.

Immunoblotting

Immunoblots were prepared from proteins electropho-
resed in 10% SDS-polyacrylamide gels (SDS-PAGE). Pro-
teins used were: 1) bovine heat-stable microtubule-asso-
ciated proteins,26 ie, MAP2 and r; 2) one-time-cycled bo-
vine microtubule protein;27 3) a rat spinal cord cytoskeletal
preparation;28 4) postmortem human cauda equina neu-
rofilament proteins;29 5) bovine erythrocyte ubiquitin
(Sigma); 6) rabbit skeletal muscle tropomyosin (Sigma); 7)
chicken gizzard tropomyosin (Sigma); 8) chicken skeletal
muscle tropomyosin (Sigma); and 9) postmortem human
hippocampal grey matter of an AD and control case. The
electrotransfer to Immobilon (Millipore Corp., Bedford,
MA) was performed according to Towbin.30 The protein
transfers were blocked in 10% nonfat dry milk (Carnation,
Los Angeles, CA) for 1 hour before application of the pri-
mary antibody. After incubation with the primary antibody
for 16 hours at 4°C, the blots were rinsed and incubated
with goat anti-rabbit IgG labeled with peroxidase 1:1000
(BioRad Laboratories, Richmond, CA). After 1-hour incu-
bation at room temperature, the blots were washed and
developed in 50 mmol/l TRIS, pH 7.6 containing 0.05%
H202 and 0.75 mg/ml DAB. Molecular weights of the blot-
ted proteins were determined by transferred prestained
markers (Bethesda Research Laboratories) or by marker
proteins obtained from Sigma (see below).

Immunoadsorption

Affinity-purified or total antisera were incubated with the
potential adsorbent or ovalbumin for 16 hours at 40C. Af-
ter centrifugation, the supernatant was used to immuno-
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stain tissue sections containing NFP as well as immu-
noblots containing rabbit skeletal muscle tropomyosin.

Immunogold Staining

Vibratome sections were treated for 10 minutes at room
temperature with 0.01% Triton X-1 00 in 0.15 mol/l NaCI,
50 mmol/l TRIS, pH 7.6. After rinsing, they were incubated
in primary antibody for 2 days at 40C, followed by rinsing
and subsequent incubation for 2 days at 40C with the ap-
propriate colloidal gold-antibody complex. Colloidal gold
was prepared by citrate reduction (20 nm) and com-
plexed to affinity-purified anti-rabbit IgG (Cappel Research
Products, Durham, NC).5 Sections were subsequently
fixed in 2.5% glutaraldehyde in 0.1 mol/l phosphate buffer
(pH 7.2) for 2 hours, followed by postfixation in 2% OS04
and flat-embedded in Spurr's medium (Electron Micros-
copy Sciences, Fort Washington, PA). After electron con-
trasting in uranyl and lead salts, the sections were viewed
at 60 kV in a JEOL 100CX electron microscope (JEOL
USA, Inc., Peabody, MA).5

Immunodecoration of SDS-treated
NFT Fractions

Grey matter from the hippocampus of an AD patient that
was stored unfixed at -70°C was homogenized and
treated with SDS as previously described.5 The insoluble
material was applied to carbon-coated nickel grids and
incubated for 1 hour with the primary antibodies or con-
trols outlined above and followed by a 1-hour incubation
with secondary antibodies conjugated to colloidal gold.
All the incubations were at room temperature and were
followed by three rinses with 1% bovine serum albumin
(BSA) in 0.15 mol/l NaCI, 50 mmol/l TRIS HCI, pH 7.6.
Immunostained preparations were negatively stained with
2% phosphotungstic acid. Grids were viewed at 80 kV in
a JEOL 1 OOCX electron microscope.5

Immunoaffinity Purification by Using a
Paired Helical Filament Fraction

An enriched PHF fraction (approximately 100 ,ug of pro-
tein) prepared from an AD case, using the protocol of lq-
bal and coworkers,31 was used as an affinity ligand by
applying it to a nitrocellulose filter (0.22 Am, 2.5 cm, Milli-
pore) set on a sintered glass support of a filtration appara-
tus (Millipore). The PHF-containing membrane was incu-
bated with 10% BSA in TBS (50 mmol/l TRIS, pH 7.6, and
150 mmol/l NaCI). After rinsing with TBS, the antiserum

(100 ,ul, undiluted) was incubated with the filter for 18
hours at room temperature. Antibodies not retained (run-
off) were collected, and the filter was rinsed with 50 ml of
TBS. Specifically retained antibodies were eluted with 0.1
mol/l glycine pH 2.5 (eluant). These antibodies were ad-
justed to pH 8 with 1 mol/l TRIS and dialyzed against TBS
before they were characterized.

Immunochemical Characterization of
Tropomyosin Peptide Maps

Fragments of (3 and oy chicken gizzard tropomyosin32
were produced by specific peptide cleavage with chemi-
cal reagents or trypsin. Tropomyosin was subjected to
either trypsin (0.1 jig/ml for 5 minutes at 40°C according
to Ueno33); cyanogen bromide (at a 1 :104, 105 or 106 mo-
lar ratio), which cleaves C-terminal to methionine resi-
dues,34 2-nitro-5-thiocyanatobenzoic acid (TNB-CN) (Ko-
dak, Rochester, NY) (at a 1:7.5 or 100 molar ratio), which
cleaves N-terminal35 to cysteine residues; N-bromosuc-
cinimide (NBS) (Sigma), which (under the conditions used
for tropomyosin of a 1:50 molar ratio) cleaves C-terminal
to tyrosine residues.' In addition, ,3 and y tropomyosin
were resolved on a 14% SDS-PAGE and each band was
excised and electroeluted (Biorad Electroeluter, BioRad
Laboratories) and individually subjected to cleavage. Pep-
tides were resolved on 14% SDS-PAGE37 and either Coo-
massie blue or silver stained,38 or transferred to Immobilon
(Millipore). Molecular weight standards (Sigma) consisted
of #-galactosidase (1 16 kd); BSA (66 kd); ovalbumin (45
kd); carbonic anhydrase (29 kd); trypsinogen (24 kd);
trypsin inhibitor (20.1 kd); f3-lactoglobulin (18.4 kd); a-lact-
albumin (14.2 kd); and ubiquitin (8.5 kd). The protein
transfers were immunostained by using the crude anti-
sera prepared to chicken gizzard tropomyosin or the anti-
sera affinity purified to either tropomyosin or paired helical
filaments.

Results

While studying the components of Hirano bodies, which
are derived from microfilaments,222339 it was noted that
an antiserum raised to chicken gizzard (smooth muscle)
tropomyosin, in addition to recognizing Hirano bodies22
and the smooth muscle contained within large vessels,
also recognized neurofibrillary tangles as well as the dys-
trophic neurites characteristic of NFP in AD. Although the
immunoreaction was apparently specific, there was con-
siderable concern that the observed reaction may have
resulted from nonspecific immune reaction with adherent
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Figure 1. The affinity-purifed antiserum to tropomyosin recognizes neurofibrillary tangles (arrowbead), neuropil threads (thread-
like immunostained structures), as well as dystrophic neurites surrounding senile plaques (arrow), A: Adsorption ofthe antiserum
with tropomyosin specificallj blocks recognition ofthese structures, B: Peroxidase-antiperoxidase. Scale bar = 100,gm.

elements or cross-reactivity of the tropomyosin antibody,
with one of the previously established NFP components.

To rule out cross-reactivity of the antiserum with epi-
topes not related to tropomyosin, we first affinity purified
it with chicken gizzard tropomyosin-sepharose chroma-
tography. Neurofibrillary pathology was still recognized by
the affinity-purified antibodies (Figure 1 A). Furthermore
adsorption of the total or affinity-purified antiserum with
tropomyosin blocked its recognition of both NFP (Figure
1 B) and vascular smooth muscle in tissue sections as well
as tropomyosin on immunoblots (not shown). To deter-
mine whether our results were unique to the antigens
(smooth muscle tropomyosin), we produced antisera to
the structurally similar tropomyosin found in skeletal mus-
cle. We found that this antisera also recognized NFP (not
shown). The results of these experiments indicate that
both smooth and skeletal muscle forms of tropomyosin
share epitopes with NFP.
We addressed the issue of whether the tropomyosin-

related antigen(s) were integral components of the abnor-
mal filaments comprising NFP by immunoelectron micros-
copy. First, NFP was immunodecorated with the antise-
rum to smooth muscle tropomyosin followed by colloidal
gold labeled secondary antibody. Although the antibodies
definitely recognized both straight and paired helical fila-

ments, the gold labeling was punctuated along the fila-
ments (Figure 2A) and thus differed from that noted with
antibodies raised to paired helical filaments, T, or neuro-
filaments that more uniformly label the abnormal fila-
ments.5'19'21'40'41 The peripheral localization raised the hy-
pothesis that the tropomyosin epitopes found in NFP may
be associated elements, and thus dissociable from the
filaments by denaturants. This possibility was tested by
immunodecorating an SDS-extracted paired helical fila-
ment fraction with the tropomyosin antiserum. We found
that the tropomyosin antiserum (Figure 2B) yielded vari-
able labeling of paired helical filaments (shown), as well as
straight filaments (not shown), with many strongly labeled
filaments (as shown), while others showed near back-
ground levels (not shown). Therefore the tropomyosin-re-
lated epitopes found in NFP, although integral compo-
nents5 closely associated with paired helical filaments,
may not be represented in each filament.

Several experiments were used to address the issue
of the cross-reactivity of the tropomyosin antibody with
NFP due to the sharing of epitopes between previously
identified proteins of NFP and tropomyosin. First, the
affinity-purified antibody was applied to immunoblots con-
taining heat-stable microtubule-associated proteins (r
and MAP2), neurofilament proteins, ubiquitin, or tropomy-
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Figure 2. The anitiseruim to chickeni gizzard tropomyosin specificallj labels the abnormalfilamenits found in the neurofibrillary
tanigle. A: The goldparticlesfotund in clutsters alotng nieurofibrillarjy tanglefilaments were nioted to be associated with material at a
distanlcefrom thefilamentproper. Interestingly the tropomyosin epitopes remainl associated with the abnormalfilaments, even after
isolationI an1d iotnic detergenit extraction, B. A: In situ pre-embedding decoration oftissue section, inidirect immunogold. B: Negative
staini, inidirect immunogold. Scale bar= 100 nni.

osin. With the exception of tropomyosin, there was no
reactivity of the antiserum with any of the proteins on the
blots (Figure 3). When applied to immunoblots containing
gray matter proteins prepared from an AD or control case,
the antibodies recognized bands corresponding in mo-
lecular weight to tropomyosin (not shown), while on immu-

noblots of an enriched PHF fraction it recognized a band
not entering the stacking gel on SDS-PAGE (not shown).
The specificity of the antibody only for tropomyosin, or
nonsolubilizable PHF protein excluded from SDS-PAGE
gels, was further attested to by the inability of heat-stable
microtubule-associated proteins, T, neurofilament pro-

Figure 3. The affility -pturified antiseruxm to
tropomyosin recognizes a banid corre-
spontdinig to tropomyosin (arrouhead) ill a
proteini transfer of chickeni gizzard tropo-
myosin, A: The tropomyosin antihodyP
shows nio reactioni uith proteini transfers
containing neurofilament protein C, heat-
stable microtubule associated proteins, E
or ubicluitint G In blots B, D, anid F, the
transfers uere stainied bh antibodies di-
rected to neurofilaments, T atnd ubiquitin,
respectiiely. Intdirect peroxidase.
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Figure 4. The tropomyosin antisera affitity purified to paired
helicalfilamenits recognizes not only nteturofibrillary tanlgles
but also intraneuronal graniules, presumablj granulo-
vacuolar degeneration, which are prominienitly, shown in this
micrograph. Peroxidase-anttiperoxidase. Scale bar= 20,um.

teins, or ubiquitin to reduce immunostaining of NFP by
the affinity-purified tropomyosin antiserum in adsorption
experiments (not shown).

The nature of the specific tropomyosin epitopes incor-
porated into NFP was determined using an immunoaffinity
approach.7 Paired helical filament fractions were used as

an immunoaffinity ligand to purify the specifically cross-

reacting antibodies. We found that the SDS-extracted
paired helical filament fractions retained tropomyosin anti-
bodies that recognized not only NFP but also intraneuro-
nal granules, presumably granulovascular degeneration.
It is not surprising that tropomyosin might be associated
with these granules because the other components of
NFP, neurofilaments and T, have been detected in granu-
lovascular degeneration42'43 (Figure 4). The antibodies
affinity purified to paired helical filaments were applied to
immunoblots containing gray matter proteins prepared
from an AD case (not shown), smooth muscle tropomyo-
sin, neurofilament proteins, ubiquitin, or heat-stable micro-
tubule-associated proteins. The affinity-purified antibodies
would be expected to have the greatest sensitivity for de-

tecting the cross-reacting proteins, yet they recognized
only tropomyosin on immunoblots (Figure 5). Interestingly
dephosphorylation of the blots and sections with alkaline
phosphatase4445 enhanced the recognition of tropomyo-
sin in blots and NFP in tissue sections by the antiserum
to tropomyosin as well as the antisera affinity purified to
either tropomyosin or PHF (data not shown). Because it
is the phosphatase labile epitopes found in NFP that are
shared between r, neurofilaments heavy subunit, and
MAP 2,14-16 the phosphatase stability (or possibly en-
hancement) of the tropomyosin epitopes provides addi-
tional evidence for the uniqueness of the tropomyosin epi-
tope and the shared epitopes found in these other pro-
teins.

These experiments establish a new component to
NFP that shares at least one epitope with tropomyosin.
To determine the location of the tropomyosin-related epi-
topes found in NFP on tropomyosin, peptide mapping
was performed. When the antisera to tropomyosin were
applied to protein transfers containing the various pep-
tides generated from cleavage of tropomyosin, we found
that the original antisera to chicken gizzard tropomyosin
recognized the same fragments before and after affinity
purification to paired helical filaments (as shown for TNB-
CN and cyanogen bromide in Figure 6). This finding sug-
gested that paired helical filaments share with tropomyo-
sin all the epitopes recognized by the original antisera.
Unfortunately it was not possible to define the exact tropo-
myosin domains recognized by the antisera because the
antisera did not recognize fragments smaller than 15 kd,
even though fragments representing all domains smaller
than this are generated by the treatments performed (Fig-
ure 6). We suggest that fragments smaller than 15
kd do not define any of the epitopes recognized by the
tropomyosin antisera because the epitopes are localized
over large regions of the molecule that require consider-
able secondary structure. The participation of more than
one tropomyosin domain in the epitopes recognized by
antibodies to tropomyosin might be expected because it
exhibits considerable coiling. These findings indicate that
the epitope tropomyosin shares with paired helical fila-
ments requires considerably secondary structure for
proper presentation and, in all probability, involves several
regions of the tropomyosin peptide chain and therefore is
unlikely to result from the sharing of a single epitope.

Discussion

Our findings demonstrate that a protein other than -, neu-
rofilaments, MAP2, or ubiquitin and antigenically related to
tropomyosin is incorporated into the abnormal filaments
characteristic of the NFP of AD. It is likely that this protein
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Figure 5. 7he) tropomyosin antiisertm pliri-
fied to ani eniriched paired belical filament
fraction recogniizes tropomi'vosin in a prep-
arationi qf chickeni skeletal muscle tropo-
myosin (arrou'), A, yet did(1ot recogniize
bandcls 071 proteinl transjfrs (of neurofila-
ment proteinis, C, heat-stable mniicrotibiole
associated protein s, E or iobiq(iitin G. 7he
weak banid stained (arrowhead) oni the
netiro/filamenit protein transf.Ir, C, corre-

sponds in molecullar uoeight to tr-opomyo-
sini. In blots B, D, anid F, the transfeirs uwere
stainied by, antibodies directed to iizeiro-
filaments, taoi and oibiqoiitini, respectivev1.
Indirectperoxidase.

is tropomyosin because it apparently shares homology
with epitopes defined by large regions of 3 and 7y chicken
gizzard tropomyosin rather than reflecting the incorpora-
tion of an individual epitope.46 The relationship of tropo-
myosin to NFP structure is indicated by immunoelectron
microscopy. Instead of uniformly labeling paired helical
filaments, as observed for antibodies to neurofila-
ments,547 T,21 or ubiquitin,48 the tropomyosin antibody in-
tensely labeled discrete regions of the filaments. Further-
more it appeared that the label was often separated from
the filament structure. These observations are consistent

Figure 6. Cleav'age of,B and-y (3i2) chicken
gizzarcd tropomyJosi%n (A) o'ith TN3-G,N (B)
yielded ionfragmented f and y tropomnio-
sini as u'ell as two largefragmnents that o'ere
recogniized b) the antisera raised to
chicken gizzard tropomnyosin before (C) ot
after (D) immonloa finity poirification to a
paired helical filamnent frac tion. Similar
resotlts w'ere obtained owith cYanogen bro-
mide cleavage (E) of the sa771e tropomtyosin
preparationi in uhich the antisera be/Jbre
(F) anid after (G) immonlnue a inity porifica-
tionl to paired helicalfilaments recognized
the same ]ragments. Of interest is that the
antibodies did niot recogniize ani) Jrag-
ments generated by, these treatments that
o'ere smaller thani 15 kd (see text). Pep-
tides resolved onl 14% SDS-IAGF .ltolecui-
lar wueight markers inidicated at right A, B,
anid E Coomassie blote. C, D, F, and G imidi-
rec tperoxidase.
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Tropomyosin is a microfilament-associated protein
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cell motility and shape maintenance (reviewed in Payne
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volves a third cytoskeletal system, microfilaments, in NFP.
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Although it can be argued that tropomyosin contributes
to the controversy regarding NFP components, it also
may offer a new and, in some regards, clearer perspective
of NFP. First, although the three primary cytoskeletal sys-
tems are generally regarded as structurally distinct, in fact
they are three interacting systems that create the cytoma-
trix of the cell. Second, the cytoskeletal polymers are each
comprised of at least several proteins that can be
grouped as filament-forming or associated proteins. Fi-
nally, the points of interaction between the cytoskeletal
system are mediated by the associated proteins, mem-
bers of which are r, MAP 2, neurofilament heavy chain,
and tropomyosin.

Since the proposal of either neurofilaments or T as NFP
components in 1979, there has been considerable con-
troversy concerning which comprises paired helical fila-
ments. Monoclonal antibodies, immunoelectron micros-
copy, and microsequencing and cloning of the involved
genes has not diminished the apparent conflict of whether
NFP represents altered neurofilaments or T because all
the methodologies, as applied to date, provide only quali-
tative assessments of NFP and not a rigorous reconstruc-
tion of the relationship of each component to the ob-
served structure. The findings here, along with those pre-
viously reported identifying neurofilaments,4-7 T,9,10,50
MAP 2,17 and ubiquitin,51'52 implicate the view of NFP as
a generalized alteration and transformation of cytoskeletal
elements. Therefore knowledge of a single element of
NFP provides only a part of the information necessary to
understand the nature and mode of formation of NFP. An
analogy is the microtubule, for while the primary structural
element is the tubulin dimer, it is composed also of a multi-
tude of specifically associated proteins. Although identi-
fication of these components defined microtubules, un-
derstanding the relationship of the components was criti-
cal to resolving microtubule structure. The interaction
responsible for incorporation of NFP components may be
found in the abnormal filaments comprising the Hirano
body, which while structurally and antigenically related to
microfilaments22 also contain microtubule-associated pro-
teins.2353 Apparently the microfilament proteins incorpo-
rated in a Hirano body maintain their physiologic interac-
tion with microtubule-associated proteins.54- We sug-
gest that NFP components similarly maintain the
interaction of their components with several proteins, as
indicated by their incorporation.

Because interaction with several proteins is the known
role of the cytoskeletal proteins found in NFP, it can be
hypothesized that NFP represents the reorganization of
an interacting system.57 Our hypothesis does not exclude
any of the established components. Furthermore it sug-
gests that other cytoskeletal-related proteins may be

found in NFP and emphasizes understanding the pro-
cesses involved in inclusion formation.
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