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Abstract

Progressive supranuclear palsy (PSP) is characterized at the neuropathological level by the presence
of variable amounts of neurofibrillary tangles (NFTs) in several subcortical structures, and by the
absence of senile plaques (SPs). NFTs and SPs have been reported to be the present in the cerebral
cortex of some patients. In this report we document the presence of § amyloid protein-containing NFT's
in the hippocampus and temporal lobe of two elderly PSP patients, and relate these findings to the disease

process and to aging.
Introduction

Neurofibrillary tangles (NFTs) and senile plaques (SPs) are histopathological changes associated with
aging, Alzheimer’s disease (AD), and certain other disorders. SPs are characterized by the accumulation
of 8 amyloid protein?, but some NFTs in the brains of AD patients do react with the antibody to this
protein?~%, On the other hand, it is generally accepted that only NFTs, but no SPs are found in certain
degenerative conditions such as progressive supranuclear palsy (PSP), parkinsonism-dementia complex
(PDC) on Guam and dementia pugilistica. However, recent studies have shown that some elderly
patients with PDC on Guam® or with dementia pugilistica® do have SPs as well as g amyloid
protein-containing NFTs (8-NFTs). These findings have raised questions pertaining to the pathogenetic
significance of the presence of S-NFTs in these diseases?®7, and to whether their presence indicates that
/3 amyloid protein represents an original and integral NFT' component.

Individuals with PSP usually have variable amounts of NFTs in several subcortical structures, but no
SPs. However, NFTs have been identified in the cortex®~1¢), brainstem and subcortical nuclei of certain
PSP patients, some of whom have SPs in the corex''9. In contrast to PDC on Guam® and dementia
pugilistica®, no date are available regarding the presence of S-NFTs in PSP. In order to obtain
information on the occurrence of such NFTs in this disease, we carried out an immunohistochemical
study on archival material from five elderly PSP patients using an antibody against # amyloid protein,

and for control purposes, a monoclonal antibody to tau protein. Our results demonstrate that the
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hippocampus and temporal lobe cortex of two of our patients did have g amyloid protein-containing
NFTs.

Materials and methods

This investigation was performed on formalin-fixed, paraffin-embedded material from 5 patients with
PSP (table 1). The diagnosis of PSP was confirmed in each case by neuropathologic examinations, in
which conventional procedures, including modified Bielschowsky silver impregnation were used. Samples
were obtained from temporal lobes and the hippocampus. Six-ym sections were cut and mounted onto
poly-L-lysine-coated slides. The sections were deparaffinized, hydrated and immunostained. As primary
antibody we used an affinity-purified rabbit antibody raised against a synthetic peptide corresponding to
the N-terminal 28 amino acid sequence of the 8 amyloid proteinV'” (diluted 1: 1000 with phosphate-
buffered saline, pH 7.2, containing 39, bovine serum albumin [PBS-BSA]), and a mouse monoclonal
antibody to tau protein'® (tau-2, kindly provided by Dr. L. I. Binder ; diluted 1:5 with PBS-BSA).

Sections to be incubated with anti-3 amyloid protein antibody were pretreated for 10 min with 90.89,
formic acid. Incubated with primary antibodies was carried out overnight at 4°C. Sections incubated with
PBS-BSA served as reaction controls. Antibody binding was visualized with the respective Vectastain
ABC kit for rabbit IgG,; and mouse IgG, (Vector laboratories, Burlingame, CA, USA) ; 3, 3-diaminoben-
zidine tetrahydrochloride was the final chromogen. The immunostained sections were examined, the
number of positively immunostained NFTs and SPs recorded, and their frequency expressed per
microscopic field. In those instances in which a larger number of fields had to be examined because of

low NFT and/or SP frequency, the results were expressed per average of fields analyzed.
Results

All 5 PSP patients had tau-positive NFTs in the hippocampus (Fig. 1). Their frequency varied from
one in every other field to up to 10/field (Table 1). Moreover, the distribution of immunostained
hippocampal NFTs in a given patient was not uniform as their number varied from field to field,
especially in cases 1 and 2, in which the hippocampus had more tau-positive NFT's than the other three.
NFTs immunolabeled by the tau-2 monoclonal antibody were seen in the temporal lobe cortex of 4
patients, but except for case 3, the frequency was rather low (Table 1).

By comparison, NFT's immunostained by antibody to 4 amyloid protein were found in only 2 cases
(Fig. 2), and their incidence, both in the hippocampus and the temporal lobe was significantly lower than
that of tau-positive NFTs in these brain structures (Table 1). Thus, 1 -NFT was seen every second field
in case 2, and every fourth in case 3. However, almost none of these NFTs was associated with neuronal
nuclei, suggesting that they were extracellular NFTs#5).

SPs immunolobeled by the antibody to B amyloid protein were detected in the hippocampus and
temporal lobe of three patients, and, as was the case with tau-positive NFTs, their frequency varied not
only from one individual to another but also in a given patient from field to field (Table 1). However,
it was readily evident that case 2, which had many tau-INFTs in the hippocampus, also had a consider-
able number of S-SPs, not only at that location, but also in the temporal lobe, where up to 20 8 amyloid
protein-containing SPs were seen in one microscope field. On the other hand, in cases 1 and 5 in which
the hippocampus had a significant number of tau-NFTs, no § amyloid protein-containing-structure were
seen. It was of note that case 4, which had a relatively small number of tau-positive NFTs and an

occasional B amyloid protein-containing SPs in the hippocampus and temporal lobe, had no 3-NFTs.
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Fig. 1 A Tau-positive neurofibril-
lary tangles (NFTs) in the
hippocampus of case 1 (X65).
B Higher magnification of one
of the NFT's shown in A (arrow)
(X 650).

Table 1 Number of cortical neurofibrillary tangles and senile plaques in five patients with autpsy-

proven progressive supranuclear palsy

c Age/ Clinical Tau-NFTs B-NFTs [-SPs
ase sex diagnosis Hippo T-lobe Hippo T-lobe Hippo T-lobe
1 75 F AD 3-5/1 f — — — — —
2 73 F parkinsonism  5-10/1 f 1-2/1f 1/3 f 1/6 f 2-5/1f 10-20/1f
3 72F PSP 1-2/1f  1-10/1f 1/5 £ 1/6 f 1/1/1f  1-4/1¢
4 64M  parkinsonism 1/1f 1/20 £ — — 1/1f 1/6 f
5 64 F PSP 1-2/1 f 1/18 £ — = — —

Tau-. §-NFTs: tau-positive, # amyloid protein containing neurofibrillary tangles respectively.
SPs : snile plages. Hippo : hippocampus. T-lobe : temporal lobe. AD : Alzheimer’s disease.
PSP : progressive supranuclear palsy. f: microscope field.

Each field X 25

Discussion

£ amyloid protein is the major component of SPs, which in the aging brain are usually detected earlier
than NFTs. ﬁv amyloid protein-containing NFTs have been identified in the cerebral cortex of patients
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.., Fig. 2 A B amyloid-containing
= senile plaques and NFT (arrow)
in the hippocampus of case 2 (X
35).
B Higher magnification of the
® i NFT depicted in A (arrow) (X
350).

with AD?%, elderly individuals with PDC on Guam?®, and patients with dementia puglistica®. These
observation led to the notion that £ amyloid protein deposits on extracellular NFTs, while recent
studies?®” have raised the question of whether 8 amyloid protein is indeed an original and integral NFT
component.

Although the presence of a small number of SPs in the cerebral cortex of elderly PSP patients is
common, this feature is considered to be a reflection of normal aging!?. However, there are some, albeit
relatively few patients, with PSP who have numerous NFT's and SPs in the cerebral cortex!?!, but these
individuals seem to have PSP and AD concurrently. On the other hand, because some NFT's are present
not only in the brainstem and subcortical gray matter, but also in the ocrtex, it has been suggested that
there is an initial cortical involvement in PSP8~1316),

From the data presented here, it is evident that those PSP patients who had B-NFTs in the
hippocampus and temporal lobe, also had S-SPs in these locations. Conversely, individuals in whom no
[-SPs were detected, also lacked §-NFTs, even though they had tau-positive NFTs, including one
patient (case 1), whose hippocampus had rather significant numbers of the latter. This set of observa-
tions suggests the deposition of B amyloid on the NFTs, most likely onto extracellular NFTs, since this

was consistently associated with 8 amyloid deposits in the SPs present in the adjacent cortex.
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Several possibilities with respect to each of the patients studied emerge from the results of this
investigation. Thus, the neuropathologic findings in case 2, which had numerous tau-NFTs in the
hippocampus, and considerable numerous of S-SPs in the hippocampus, and more in the temporal lobe,
would suggest that those findings are compatible with pathologic aging and/or AD. On the other hand,
the observation concerning case 3 and 4 would indicate that in these patients, PSP was accompanied by
normal aging. By contrast, we belived that case 1 and 5, which had cortical NFTs, but no S-NFTs or
B-SPs, were less affected by the aging process, and that the presence of cortical NFT's represents a
consequence of the PSP disease process. However, it must be emphasized that the number of cortical
NFTs in these patients was significantly lower than that found in individuals with AD® or PDC on
Guam®. Nevertheless, as our date demonstrate, 3-NFTs and 3-SPs, similar to those observed in these
two disease, were readily identified in the hippocampus and temporal lobe cortex of two elderly PSP
patients. As the ultimate significance of our finding remains to be established, further studies are required

to elucidate the precise role of 3-NFTs and $-SPs in the PSP disease process.
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ELTHERE LR R A R E T B & UIEEIC 8 1 2 BRFEEHE (O HE 2B 7 5
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