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ABSTRACT Alzheimer tangles, despite their location in
neuronal perikarya, react immunocytochemically with mono-
clonal antibodies to phosphorylated epitopes of neurofila-
ments. Normal perikarya do not contain phosphorylated neur-
ofilaments. The aberrant phosphorylation in both plaques and
tangles seems to be largely restricted to individual phosphoryl-
ation sites among the many sites available in neurorilaments. It
is suggested that the Alzheimer lesion involves an imbalance
within specific kinases responsible for phosphorylation of dif-
ferent sites in neurofilaments.

Excessive loss of memory and cognitive functions prior to
the sixth decade of life defines Alzheimer disease clinically.
Excessive loss of these functions after the sixth decade is
considered senile dementia of the Alzheimer type. The
pathologic corollary of these symptoms is the formation of
neurofibrillary tangles and of senile plaques. Tangles are the
result of a degenerative process in neuronal perikarya. They
consist of neurofilaments that possess unusually high resist-
ance to solubilization by detergents and appear on negative
staining in electron microscopy as paired helical filaments.
Plaques seem to be the result of degenerative processes in
neurites. They contain paired helical filaments in an amyloid
matrix.
Abundance of these changes, expecially when found in the

hippocampus and other cortical areas as well, provides a
pathologic diagnosis of Alzheimer disease. Loss of cognitive
function and memory is a general symptom that may not nec-
essarily be a reflection of these pathologic changes in every
case. While most patients afflicted with these symptoms ex-
cessively will demonstrate the lesions, other disorders, not
associated with plaques and tangles, may also lead to loss of
memory, although less frequently. Furthermore, aging itself,
even when associated with mild degrees of loss of cognitive
function or memory, will reveal occasional plaques and tan-
gles, but again with lesser frequency and density. In these
cases, lesions are usually confined to the hippocampus. Oth-
er disorders, such as Down syndrome, exhibit lesions similar
to those of Alzheimer disease.
We recently have shown (1) that, among a large number of

monoclonal antibodies to brain homogenate, more than one-
half were specific to identifiable individual structures, and
more than one-quarter were specific for neuronal elements
in the central and peripheral nervous system and failed, with
rare exceptions, to stain nonneuronal elements (2). The neu-
ron-specific antibodies could be divided into four groups on
the basis of their immunocytochemical staining. Group I vi-
sualized cells and structures predominately in gray matter
and reacted on electrophoretic immunoblots with isolated
synaptic proteins. Group II visualized projection axons but
not perikarya, dendrites, or proximal axons. Group III visu-
alized perikarya, dendrites, and proximal axons and re-

vealed little, if any, staining overlap with antibodies from
group II. Group IV consisted of only two antibodies that re-
vealed both elements detected by groups II and III. Despite
differences in staining distribution, antibodies from both
groups II and III reacted either with the 200-kDa neurofila-
ment protein exclusively or with this protein and to a lesser
extent with the 150-kDa protein and a 180-kDa protein. Each
antibody within groups II and III gave a slightly different
immunocytochemical staining distribution, which was attrib-
uted to "microheterogeneity," while the major nonoverlap-
ping staining distribution between groups II and III was
termed "macroheterogeneity."

Subsequent studies have shown (3) that the macrohetero-
geneity was posttranslational and depended on phosphoryl-
ation. Thus, antibodies from group II reacted exclusively
with phosphorylated neurofilaments; those ofgroup III, with
nonphosphorylated epitopes in neurofilaments that are
masked by phosphorylation; and antibodies from group IV,
apparently with a more accessible, nonphosphorylated neur-
ofilament epitope. In tissue sections, trypsin or phosphatase
treatment alone had no effect on the immunocytochemical
staining by antibodies from group II. However, trypsin fol-
lowed by phosphatase reduced the staining. Trypsin treat-
ment abolished the staining by antibodies from group III.
However, the staining with these antibodies reappeared by
subsequent phosphatase treatment but was converted to ax-
onal staining-i.e., from a group III to a group II pattern.
The data permitted the conclusions that neurofilaments in
dendrites, perikarya, and proximal axons are nonphospho-
rylated and that phosphorylation occurs during transport
along the axon. Furthermore, it was apparent that phospho-
rylated neurofilaments were more compact than nonphos-
phorylated forms.
Alzheimer tangles are perikaryonal constituents. They

have been shown by Selkoe et al. (4) to differ from normal
neurofilaments in their resistance to solubilization by even
extensive treatment with sodium dodecyl sulfate and, thus,
can be considered highly compacted structures at least with
regard to tertiary conformation. In contrast, normal perikar-
yonal neurofilaments, which are not phosphorylated, seem,
according to our data, of noncompact configuration. It ap-
peared, therefore, of interest to study phosphorylation of
Alzheimer tangles and plaques and to examine the compact-
ness of these structures with regard to susceptibility to de-
phosphorylation.

MATERIALS AND METHODS
This study includes two cases of Alzheimer disease, one
case of Down syndrome, and a case of cerebral infarct. The
first three cases exhibited progressive dementia and re-
vealed, on autopsy, severe changes of the Alzheimer type in
hippocampus and neocortex. The last case had only few
changes of the Alzheimer type.

Paraffin sections were stained immunocytochemically (5)
by using monoclonal first-layer antibodies, goat anti-mouse
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immunoglobulin, and ClonoPAP (peroxidase-monoclonal
anti-peroxidase complex (3, 6). The first-layer antibodies
were against phosphorylated neurofilament epitopes (anti-
bodies 07-5, 03-44, 06-17, 04-7, and 06-68). Dephosphoryl-
ation of sections was carried out by treatment with trypsin
for 10 min followed by phosphatase for 2.5 hr and again with
trypsin for 10 min and phosphatase for 18 hr at concentra-
tions of 400 pug/ml for both enzymes as reported (3).

RESULTS

Axons of normally appearing tissues in the four cases stained
with all five anti-phosphorylated-neurofilament antibodies.
The two cases of Alzheimer disease and the case of Down
syndrome had extensive hippocampal lesions in which axons
stained by these antibodies had been deleted. There were
many tangles and plaques. The case of cerebral infarct had
no tangles or plaques. In the Alzheimer and Down cases,
tangles were stained by antibody 07-5 (Fig. 1). A lesser num-
ber of tangles and plaques were revealed by other antibodies
that recognize phosphorylated epitopes.
Treatment with trypsin and phosphatase abolished the

staining in tangles and plaques (Fig. 2).

DISCUSSION
The antibodies from group II, used in the present study, re-
act with phosphorylated epitopes of neurofilaments. These
antibodies reveal exclusively projection axons in normal-ap-
pearing rat (1), mouse, rabbit, and human brains and do not
react with perikarya. The staining of perikaryonal constitu-
ents in Alzheimer disease and related disorders suggests,
therefore, an aberrant and perhaps premature phosphoryl-
ation.
Treatment with trypsin and phosphatase completely abol-

ished the staining in tangles and plaques. In contrast, such
treatment caused a marked diminution of staining in normal
axons but not complete abolition. It appeared, therefore,
that Alzheimer tangles are more susceptible to trypsin/phos-
phatase treatments than are normal neurofilaments. Thus, at
least with regard to susceptibility to these enzymes, Alzhei-
mer tangles are not more compact than normal axonal neuro-
filaments, although they are more compact than the non-
phosphorylated neurofilaments of normal perikarya (3).

Julien and Mushynski (7) have shown that there are 28
phosphorylation sites in the 200-kDa neurofilament protein.
The likelihood that the different monoclonal antibodies to
phosphorylated neurofilament epitopes react with different
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FIG. 1. Alzheimer disease; paraffin section from case 1 was

stained with 07-5 monoclonal antibody to phosphorylated neurofila-
ment epitopes, diluted 1:24,000. Plaques (curved arrow) as well as
tangles (small arrows) are stained, even though the latter are peri-
karyonal structures.

FIG. 2. Section adjacent to that in Fig. 1, treated with trypsin
and phosphatase and then with 07-5 monoclonal antibody to phos-
phorylated neurofilament epitopes, diluted 1:24,000.

phosphorylation sites is reinforced by the slightly different
staining distribution exhibited by these antibodies (1), by dif-
ferent developmental patterns revealed by them (8), by two-
dimensional immunoblots (6), and by differences in degrees
of susceptibility of neurofilaments in paraffin sections to
treatment by trypsin and phosphatase when analyzed by dif-
ferent antibodies from group II. The finding that only anti-
body 07-5 reacted with all of the tangles, while the others
reacted with only a few of them contrasts with the observa-
tions in normal tissues in which many axonal projections
were revealed by any of these antibodies. Concurrent stud-
ies (10) have shown that tangles of aluminum poisoning in
the rabbit, which morphologically resemble those of Alzhei-
mer disease, are also phosphorylated. However, in contrast
to the tangles of Alzheimer disease, they react better with
antibodies 06-17 and 03-44 and not at all with antibody 07-5.
Thus, although the lesions ofaluminum intoxication and Alz-
heimer disease present similar morphologic features and al-
though both lesions exhibit a shift of phosphorylation from
an axonal to a perikaryonal location, the submolecular sites
involved in the aberrant neurofilament phosphorylation
process appear to be different. It is conceivable that this ab-
errant phosphorylation confers sufficient compactness to
neurofilaments to prevent their further migration into the
axon. Only one or few of the normal phosphorylation sites
seem to be involved in this premature phosphorylation, in
line with the impression that neurofilaments in Alzheimer
tangles may be less compact than those in normal axonal
projections.
The preferential phosphorylation of only one or a few

phosphorylation sites in Alzheimer disease suggests that a
specific neurofilament kinase is involved and that there exist
different kinases for different phosphorylation sites. If the
Alzheimer lesion, indeed, is due to unbalanced involvement
of only one or few highly specific kinases, then a search for a
specific inhibitor may have therapeutic potential. Such an
inhibitor may be an analog to the binding site of the kinase
with a specific neurofilament region that mediates transfer of
phosphate to this site.
While the present work includes only a limited number of

cases, another study (11), with additional cases of Alzheimer
disease, also revealed phosphorylated tangles restricted to
the 07-5 site.

It has sometimes been questioned whether Alzheimer tan-
gles are primarily composed of neurofilaments or whether
their formation is due to a disturbance in other proteins. Wis-
niewski et al. (12) suggested that neurofilaments merely pro-
vide a passive "decoration" of Alzheimer tangles. Indeed,
Igbal et al. (13) feel that isolated Alzheimer tangles provide
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polypeptides that differ from normal neurofilaments. How-
ever, Perry et al. (14) have shown that neurofilaments, as
revealed by immunocytochemistry and silver staining, are
regular components of Alzheimer tangles, while other pro-
teins are only occasional contaminants.\ Also, ultrastructur-
ally identified Alzheimer tangles reacted, immunocytochemi-
cally with antibodies to neurofilaments. Our present data
further suggest that neurofilaments are an integral part of
Alzheimer tangles, rather than being merely a "decoration,"
possibly adsorbed from the environment. Phosphorylated
neurofilaments are axonal structures, not found in peri-
karya. The presence of a phosphorylated neurofilament epi-
tope in Alzheimer tangles, which are perikaryonal struc-
tures, precludes a passive uptake as a mere decoration. To
the contrary, aberrantly phosphorylated neurofilaments are
an integral feature of Alzheimer tangles.
Rasool et al. (15) have produced an antiserum to isolated

Alzheimer tangles that does not react with normal neurofila-
ments. They suggest (16) that Alzheimer tangles are a highly
modified form of neurofilaments or another neuronal pro-
tein, "presumably a result of extensive posttranslational
modifications." The present studies confirm an abnormal
posttranslational processing of neurofilaments. If orderly
phosphorylation that involves all of the phosphorylation
sites described by Julien and Mushynski (7) is essential for
the formation of normal, compact axonal neurofilaments (3),
the selected phosphorylation of a single site, as now ob-
served in Alzheimer tangles, may result in irregular and in-
complete assembly, morphologically identified as tangles,
and immunocytochemically revealed by presentation of new
epitopes (15) in addition to those shared with normal neuro-
filaments.
Two monoclonal antibodies to the 200- and 150-kDa neu-

rofilament proteins (9), respectively, as used by Rasool et al.
(15) failed to react with isolated Alzheimer tangles, although
they did react in situ. Presumably, their reaction in situ may
have been with a component of perikarya not actively asso-
ciated with Alzheimer tangles. The failure of some antibod-
ies to neurofilaments to react with Alzheimer tangles is ex-
pected, however, even if Alzheimer tangles are exclusively a
product of neurofilaments. Only one of the antibodies to
phosphorylated neurofilament epitopes reacted with Alzhei-
mer tangles in the present study, and none of them reacted in

normal perikarya. Also, most antibodies to nonphosphoryl-
ated forms of neurofilaments are masked from reaction with
phosphorylated axonal neurofilaments (3), and some of them
may be masked equally from reaction with phosphorylated
Alzheimer tangles.
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