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Amyloid (peptides (A,(3) are deposited in the brains
ofAlzbeimer's disease (AD) and elderly Down's syn-
drome (DS)patients in a variety ofamyloidplaques.
Among these are classical plaques composed of a
spherical core and a corona. Analyzing AD tissue
sections single and double stained with anti-A ( an-
tibodies and thiofiavin S (thioS) by brightfteld,fluo-
rescence, and confocal microscopy revealed that
spherical plaque cores consist of a thioS-positive
centerandan anti-A,3antibody immunoreactive rim.
This indicates that there is afibrillarform ofamy-
lid that is thioS positive but not immunoreactive
with anti-A ( antibodies. In contrast, classical
plaques in DSpatients have irregular cores that are
thioSpositive as well as anti-A ( immunoreactive. In
addition, a subset ofplaques in both DS andADpa-
tients have a distinct ':fibrous" appearance when
stained with thioS, but are amorphous when immu-
nostained. Thesefindings suggest that anti-A,(3 an-
tibodies and thioS stain similar, as well as different
forms offibrillar amyloid. A 3 may become thioS
positive by interacting with oneormore ofits known
molecularchaperons, andthis maybe importantfor
thepathogenesis ofAD, given that thioS-positiveA(6
deposits are associated with neuritic and synaptic
damage. (AmJPathol 1995, 147.:503-515)

Senile plaques are one of the diagnostic lesions in
Alzheimer's disease (AD) brains, and P-amyloid (AP)
peptides are the major components of the amyloid
fibrils in all types of AD plaques. The A,B peptides
range in length from 39 to 42 amino acids, and these

peptides are cleavage products of much larger amy-
loid precursor proteins.1 2 However, there is consid-
erable variation in the size of AP peptides due to het-
erogeneity in the amino and carboxyl terminal
cleavage sites. AP appears to be produced by a nor-
mal proteolytic pathway in vivo and in vitro.3-9
Whether AP3 accumulates in the brain because of
impaired clearance mechanisms or as a result of
modifications of AP3 itself remains to be determined.
A variety of morphologically distinct types of A,B de-
posits have been described in the brains of AD
patients.10-13 Diffuse plaques have been considered
early lesions because they are not associated with
dystrophic neurites, are the predominant type of A,B
deposits in the non-demented elderly, and are the first
lesions detected in young Down's syndrome (DS)
patients,10'14-19 but see Ikeda et al.12 Diffuse plaques
are immunoreactive with a variety of different anti-A,B
antibodies, but they generally do not stain with dyes
that bind to amyloid such as Congo red and thioflavin
S (thioS).10,20 On the other hand, more complex amy-
loid plaques termed neuritic, classical, and compact
plaques are considered to be more "mature," and
they are thioS positive and are immunostained with
anti-AP antibodies.1021-23 These plaques also con-
tain additional proteins (eg, al-antichymothrypsin,
apolipoprotein E, complement proteins, etc.) and cel-
lular elements (eg, astrocytic processes, dystrophic
neurites, microglia, neurons with and without neuro-
fibrillary tangles). Hence, these plaques are far more
complex than diffuse plaques, which do not appear
to correlate with the severity of the dementia in AD.

To examine the chemical and immunocytological
heterogeneity of amyloid in these complex plaques,
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Table 1. Patient Demographic Information

Patient no. Diagnosis Age (years) Postmortem interval (hours) Tissue sections

1 AD 73 2.5 Frozen
2 AD 76 7.5 Frozen
3 AD/PD* 84 7 Frozen
4 AD 86 7 Frozen
5 AD 56 5 Paraffin
6 AD 71 10 Paraffin
7 AD 73 6 Paraffin
8 AD 74 6 Paraffin
9 AD 77 5 Paraffin
10 AD 80 5 Paraffin
11 AD 80 17 Paraffin
12 AD 81 17 Paraffin
13 AD 81 19 Paraffin
14 AD 82 13 Paraffin
15 AD 84 17 Paraffin
16 AD 89 14 Paraffin
17 DS 53 10 Paraffin
18 DS 54 14 Paraffin
19 DS 57 6 Paraffin
20 DS 58 13 Paraffin
21 DS 61 5 Paraffin, Frozen
22 DS 64 14 Paraffin
23 DS 67 36 Paraffin

*Alzheimer's and Parkinson's diseases.

Table 2. Specificity and Source ofAntibodies

Mono-/Poly-
Antibody Species clonal Antigen Dilution Source Reference

Frozen tissue
2332 Rabbit Poly Af3 1:6000 Athena* 26
1 OD5 Mouse Mono NH2-A3 1:50 Athena 49
T46 Mouse Mono tau Neat Lee 50

(aa404-441)
T3P Rabbit Poly PHF-tau 1:100 Lee 50

(aa 389-402)
PHF1 Mouse Mono PHF-tau 1:200 S. Greenberg 51

(S396/404)
Paraffin-embedded tissue
UP107 Rabbit Poly A,B 1:2000 B. Greenberg 52
2332 Rabbit Poly A,B 1:16000 Athena 26
SP28 Rabbit Poly A,B ((-turn) 1:8000 B. Frangio 53

This table lists the antibody designations, the species in which each was raised, whether the antibody is mono- or polyclonal, the antigen
each recognized, the dilution at which each antibody was used in this study, the source, eg, commercial source or the person who provided
each antibody, and a reference that contains information pertaining to its specificity. The following abbreviations were used: aa = amino acid
sequence, AP3 = amyloid protein, NH2-Aj3 = amino terminus of AP protein, PHF = paired helical filament, S = serine.

* San Francisco, CA.

we used brightfield, fluorescence, and confocal mi-
croscopy to study the relationship of thioS-positive
and anti-A,B-immunoreactive components in these
plaques in AD and DS brains. We found that the AP3
peptides in extracellular fibrillar amyloid deposits are
immunologically heterogeneous, and this heteroge-
neity may have implications for the pathogenesis of
the amyloidosis in the AD and DS brains.

Materials and Methods
Patient Information and Tissue Samples

Samples of the middle frontal gyri from 23 patients
were used in this study. The diagnosis, age, post-
mortem interval, and tissue preparation for each

sample are listed in Table 1. All patients had patho-
logically confirmed AD based on the consensus cri-
teria of the National Institute on Aging.24 Patient 3 had
concomitant Parkinson's disease, and seven patients
(nos. 17 to 23) were older individuals with Down's syn-
drome. Tissue blocks from the middle frontal gyri were
collected at autopsy and immersed in 70% ethanol
containing 150 mmol/L sodium chloride (ETOH/
NaCI). Frozen and paraffin sections of the tissue
samples were prepared as outlined below.

Preparation and Staining of Frozen
Samples

Subsequent to overnight fixation in ETOH/NaCl, tis-
sue blocks from some patients (nos. 1 to 4, 21) were



Figure 1. This figure illustrates a spherical conlpact placqle in a ro-
zen sectioni of'the frontal cortex of'an AD patient that was inimiuno-
stainled nith aniti-Af antiserum 2332 anid a 7T-labeled seconidaryt
antibocdy. (A) clepicts a single optical sectioni throucgh the cen1ter of'a
comiipact plcaquce obtainied in the TR channtiel of'thbe C'LS Two pairs
oJ'linles were plottecl as an) oterlay' iniage usitng the Leicca CLSMI soft-

ware to dlelinleate portionis of the strongly imimunoluhorescent rim of
this plaquie core. lipofiuscint aiutofluioresces in both the TR anid the
FITC, chaliciels, anid two lacrge lipofiscini accumuiiilantionis ar-e marked
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immersed in 20% and 30% sucrose in phosphate
buffered saline (PBS), pH 7.3 at 4°C. After sucrose
infiltration, the tissue was embedded in ornithine car-
bamoyltransferase compound and frozen. 40 pm-
thick frozen sections were cut and washed in PBS, to
which 0.5% Triton X-100 (washing buffer) was added
for 90 minutes. This and all of the following incuba-
tions and rinses were performed on a shaker. The tis-
sue sections were then incubated for 90 minutes in
blocking solution (ie, washing buffer with 2% horse
serum). This was followed by incubation in the pri-
mary antibody diluted with blocking solution over-
night at 40C. Sections were washed three times for 15
minutes in washing buffer followed by incubation in a
fluorescently labeled secondary antibody diluted in
blocking solution overnight at 4°C. The sections were
then washed in several changes of washing buffer for
a total of 2 hours, followed by fixation in 4% neutral
buffered formalin for 1 hour. Distilled water was used
for each of the final three 15-minute rinses. Some sec-
tions were mounted onto glass slides, covered with
Crystal Mount (Biomeda Corp., Foster City, CA) con-
taining 35 mg dithioerythritol as antifade medium. The
preparations were then dried on a heating plate set at
60°C and subsequently stored in the dark at room
temperature. Other immunostained sections were
covered with a glycerin-based antifade medium con-
taining 5% n-propyl gallate, 0.25% 1,4-diazabicyclo-
(2,2,2 octane), and 0.0025% paraphenylenedia-
mine,25 and coverslipped. Using this immunostaining
protocol, we observed that antibodies completely
penetrated 40 pm-thick tissue sections (see below
and Figure 2C).
A description of the specificities of the primary an-

tibodies and the dilutions used in this study are given
in Table 2. Secondary fluorescently labeled antibod-
ies were purchased from Jackson Immuno Research,
(West Grove, PA). Donkey anti-rabbit or donkey anti-
mouse secondary antibodies labeled with fluorescein
isothiocyanate (FITC) or Texas red (TR) were used at
dilutions of 1:600. Double-immunostained sections
were prepared by incubating the sections with both
primary antibodies simultaneously, and after the
appropriate washes, incubating the sections again
simultaneously with both secondary antibodies.

bycasterisks. (B) A simnultaneovusly acqucired image by the seconc pho-
tomultiplier uisinig FITCfilters shous the autofluorescent center qf the
plaquie core. The same overlay image was superinmposed to indicate
that the immunfoluorescentlV stained rim of'/the core is located ini the
periphery (fthe autqfluorescent ceniter with no overlap between the two
stnrctu res. (C) A 61im -thickparaffini section of the fronutal cortex ofaii
AD patient wuas iMMunlxostained with an1ti-Af3 anwtiserum 232 and
visualized with the PAPprocedlure using DAB as chromogen. Vote the
nearly uinstained center similar to the onie in A. Scale bar = IO l.
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Figure 3. Compact plaque in a 40 gm-thick
frozen section immunostained with anti-AA
antiserum 2332 and visualized with a JR-
labeled secondary antibody. Fifty optical sec-

tions through the entire depth of a compact
plaque at intervals of 0.21 gm were obtained
in the CLSM. Sixteen of the sections are shown

in this panel. Note the lightly immunostained
center of the plaque and the immunostained
jagged outer edges, which correspond to the
perimeter of the so-called amyloid star identi-
fied in the electron microscope. See Discussion
for further detail. Representative lipofuscin
granules are marked b1y asterisks. Scale bar

10 Pm.

Negative controls included 1) substituting spent su-

pernatant of mouse myeloma cells (SP2) for one of the
primary antibodies and 2) using the secondary fluo-
rescently labeled antibody without an appropriate pri-
mary antibody. Additional control experiments in-
cluded single label experiments conducted on

sections using only one primary antibody and the ap-

propriate secondary antibody tagged with FITC and
TR. This strategy enabled us to vigorously monitor any
evidence of "crosstalk" between the two channels of
the confocal laser microscope (CLSM) (see also
below).

Preparation and Staining of Paraffin
Embedded Samples

Six pm-thick paraffin sections also were prepared
from.middle frontal cortex samples of patients 5 to 16
(Table 1). These sections were immunostained with
anti-AP3 antisera (2332, UP107, SP28) and anti-tau an-

tibodies (paired helical filament 1 (PHF1), T46, T3P)
using the peroxidase anti-peroxidase (PAP) proce-

dure and diaminobenzidine (DAB) as chromogen ac-

cording to previously published methods.26 Paraffin
sections of middle frontal cortex from DS patients
(nos. 17 to 23) also were immunostained with anti-tau
(PHF1) and anti-A,B antibodies (2332, 1OD5) exactly
as described.26 In addition, 6 and 25 pm-thick par-

affin sections from patients 5 to 23 were stained with
thioS (see below) and Congo red according to
Puchtler.27 Different sets of sections were first immu-
nostained with anti-AP antibodies in conjunction with
the PAP method and counterstained with thioS or

Congo red. The thioS staining protocol was adapted
from J. Rogers (personal communication). Briefly,
deparaffinized sections were hydrated and immersed
for 1 hour in 4% neutral buffered formalin followed by
rinses in tap water and PBS. Next, the sections were

immersed in 0.05% KMnO4 in PBS for 20 minutes.
After rinsing in PBS, the sections were destained in
0.2% K2S205 and 0.2% oxalic acid in PBS for 3 min-
utes in the dark. After rinsing in PBS, sections were

incubated in a 0.0125% solution of thioS in 40% ETOH
and 60% PBS. Finally, the sections were differenti-
ated in 50% ethanol in PBS, rinsed in PBS and
coverslipped with antifade medium.25

Figure 2. This is afrozen section from an AD patient that was immunostaincd u'ith anti-Af3 antisenrm and JR-labeled secondary antibody to re-
veal a classical plaque. Representative clu-mps of lipoftuscin are marked by! asteriss. (A) Nine CLSM images of a senies of 20 optical sections oh-
taitmed at 1-1m intervals are shouwn here. Scale bar = 10 tim. (B) Single optical section through the center of the same plaque in the z direction.
The flat uipper surface of the section is affixed to the glass slide, and the somewhat irregular lower surface of the section faces the objective. The
section was coi'ered u'ith Crystal Mount without a coverslip. This inzage demonstrates that the 40 pm-thick section uas completely penetrated by the
antibodis. Scale bar = 40 1m. (C) In a comnposite of the first 13 optical planes of the same plaquie the core isfar less conspicuous. Stackinlg all 20
optical planes completely obscured the ring shape of the core of this plaquie (data nzot shoun). Scale bar = 10gm.

I
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Figure 4. A 40 pm-thickfrozen section was immunostained with anti-AP3 antiserum 2332 and a TR-labeled secondary antibody. Tbese two images
ofan immunostained compact plaque uere recorded simultaneously in both channelsfrom the same opticalplane. Representative lipofuscin gran-
ules are marked by asterisks. (A) Immunofluorescently stained plaque core recorded by thefirstphotomultiplier using TRfilters. (B) The autofluo-
rescent center of this plaque core was recorded simultaneously by the second photomultiplier using FITC filters. See also Discussion and Ref 33.
Scale bar = 10tm.

Brightfield and Fluorescence Microscopy

A Nikon FXA epifluorescence microscope equipped
with a mercury bulb was used for brightfield and fluo-
rescence observations. Standard filter cubes for FITC
and FITC/TR were employed. In addition, a thioS filter
cube (equipped with 405 nm exciter filter, 430 nm
dichroic mirror, and 435 nm barrier filters) was used.

Confocal Microscopy and Quantitation

Fluorescently stained frozen sections were evaluated
using a Leica CLSM (Heidelberg, Germany)
equipped with a Leica Fluovert microscope and a
krypton/argon ion laser. Using a 60X Nikon Planapo
lens (numerical aperture 1.4), FITC and TR double-
labeled preparations were recorded simultaneously
in separate channels using a short pass 590 nm ex-
citation filter, a double dichroic beam splitter (488/568
nm), and a bandpass 535 + 15 nm barrier filter for
FITC and a longpass 590 nm barrier filter for TR. Initial
tests confirmed that there is negligible crosstalk be-
tween the FITC and TR signal with these filter settings.
Measurements of fluorescently labeled plaques were
performed using the Leica CLSM software. Briefly, the
optical section showing the largest cross section
through each anti-Af-immunostained plaque core
was chosen and the largest inner diameter of circular
plaque cores or the largest and smallest average in-
ner diameter of elliptical plaque cores was obtained.
The smallest width of the amyloid rim was also noted.
From these data, the average diameter and rim width

of plaque cores were calculated. Pixel intensities
were computed along a line plotted within the image
(see below).

Photography

Confocal images were photographed directly from
the high resolution true color display monitor with a
tripod mounted camera equipped with a flat field lens
and Kodak T-MAX 100 film. Brightfield and fluores-
cent photo micrographs were taken with a Nikon FXA
photo microscope using Kodak Technical Pan and
T-MAX 100 films for bright field, and T-MAX 400 film
for fluorescence.

Results

AD Patients

Optical sectioning by CLSM of plaque cores in clas-
sical and compact plaques immunostained with
anti-A,B antibodies showed strongly stained rims (Fig-
ure 1A) and weakly stained centers. Classical
plaques consist of an amyloid core and a corona,
while compact plaques are cores without coronas.
The amyloid cores in both types of plaques appear to
be identical in size and staining properties. The cen-
ters of these amyloid cores autofluoresced in the FITC
channel (Figure 1 B). Similar "ring-shaped" plaque
cores, although uncommon, can be found in prepa-
rations immunostained with the same antibodies
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Figure 5. This figure shows a compact plaque double-immunostained
uith anti-AP antibodies 2332 and PHF-tatn antibody PHFI tvisalized
uith 7R and FITC-labeled secondary antibodies in a 40 ;an-thick frozen
scction. Asterisks nmark representative clumps of lipqofuscin granuleks. A
shows an imnagce ofa sintglce opticalplane obtained in the 7R channel; B
depicts a simultaneoyusly acquired image ofPHF1IFITC immunoreactime
teuropil threads a. well as the autofluorresceat plaque center in the FITC
channslel. In C, the images from A anid B are) superimposed. Scale bar =

10 pm.

using the PAP procedure and DAB (Figure 1 C). Serial
optical sections demonstrated that plaque cores in
classical plaques (Figure 2) and compact plaques
(Figure 3) are immunoreactive hollow spheres. Mea-
surements of the largest inner diameters of 45 opti-
cally sectioned plaque cores showed an average di-

ameter of 8.8 pm (range, 2.4-16.2 pm). The narrow
portions of immunoreactive rims measured 2.2 pm on
the average (range, 1.1-5.7 pm). Using the Leica
CLSM software, numerical values of pixel intensities
along a line drawn through a plaque core immuno-
stained with an anti-AP antiserum and a TR-labeled
secondary antibody were recorded to a data file. Con-
necting these data points produced the graph in
Figure 4, which showed that the immunostaining in-
tensity within the plaque core center was slightly
above background in the TR image. However, the
autofluorescence of this center recorded in the FITC
channel was more intense than the anti-AP immuno-
stain. The pixel intensities also indicated that there
was negligible background due the immunostaining
procedure in the neuropil outside the plaques. In con-
trast, the FITC channel revealed considerable
autofluorescent "background" due to widespread
amyloid. In some instances, autofluorescent "stalks"
extended from the autofluorescent cores. These
"stalks" were also surrounded by an anti-AP antibody-
immunoreactive rim (Figure 5). The autofluorescent
centers also were evident in unstained frozen sec-
tions examined by the epifluorescent microscope
using a FITC filter cube. With the thioS filter cube, a
bluish fluorescence of the plaque core and plaque
corona was apparent (data not shown). Plaque cores
immunostained with anti-AP antibodies by the PAP
method that also were counterstained with thioS or
Congo red showed a fluorescent center or "Maltese
cross" profile when viewed in the fluorescent micro-
scope (Figure 6) or with crossed polarizers, respec-
tively (data not shown). The interior of the plaque
cores did not show any immunoreactivity to tau, PHF-
tau, fetal tau, or glial fibrillary protein (see Table 1 for
the antibodies used).

Figure 7 illustrates schematically that in 6 pm-thick
sections hollow spheres with an outer diameter of 13
pm and a 2 pm-thick wall will frequently appear as
disks. Only when the top and bottom of the spheres
are not contained within the section will the unstained
interior of the spheres appear as lighter centers in the
disks. Thus, the ring-shaped plaque cores observed
by optical sectioning using the CLSM can be seen in
the light microscope only in fortuitously sectioned
plaques of appropriate size that are located exactly
in the center of the 6 pm-thick tissue section. This
explains why only a portion of the plaque cores im-
munostained using the PAP method and DAB showed
centers stained with thioS or Congo red.

Classical and compact plaques predominate in in-
fragranular layers of AD frontal cortices and are also
found interspersed among large numbers of diffuse
A,B deposits in supragranular layers of frontal cortex.

E
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Figure 6. A 6 tm-thick paraffin section was immunostained with antiserum 2332 and the PAP procedure and counterstained with thioS. (A)
Brigbhfield photomicrograph showing three plaques. Classical plaques with spherical cores are shown on the left and right, while the plaque in the
middle hbas a questionable center. (B) When the same plaques werephotographed underfluorescent illumination and a thioSfilter set, the two clas-
sicalplaques displayed a strongly fluorescent core. The middle plaque contains autofluorescent lipofuscin granules that could be resolved byfocus-
ing up and doun. Scale bar = 20 jm.

Figure 7. 7Tis diagram illustrates the rela-
tionshti between section thickness and
plaque (liameter. A schematic drawing of
two 6 jim-thick tissue sections (A) and (B)
and three compact plaques (1, 2, and 3;
outer diameter, 14 um; inner diameter, 10
jim) and a mature plaque (4; outer diam-
eter, 50 jm; the core is the same size as the
compact plaquies). In a single section com-
pact plaque 1 will appear ring-shaped,
whereas compact plaques 2 and 3 will ap-
pear disk-shaped. The classical plaque on
the right (4) will appear different in section
A versus section B. However, thick tissue
sections contain larger portions ofplaques.
Moreover, optical z-sections generated in
the confocal microscope easily confirm
whether a given plaque is located in the
middle of the tissue section or whether the
plaque was cut and only part of it is con-
tained in the tissue section. Compare with
Figure 2 C.

In this brain region, the number of classical and com-
pact plaques is highly variable among AD patients.
The thioS-positive and anti-Af-negative centers were
observed in every compact plaque and in every clas-
sical plaque with a clearly delimited core. Fibrous
plaques are uncommon in most AD brains and will be
described in the next paragraph on DS patients, in
whom they were much more numerous.

Down's Syndrome Patients

Classical and compact plaques with immunoreactive
rims and thioS-positive centers as described in AD
brains were extremely rare in the middle frontal cortex
samples of the DS brains studied. Immunostaining of
DS plaques using anti-A,B antibodies and PAP with
DAB showed accumulations of irregular patchy AP
deposits similar to those seen in AD plaques, while
thioS staining of adjacent sections showed a subset

of plaques composed predominantly of thioS-positive
fibrous material (Figure 8, A and B). Fibrous, thioS-
positive plaques were variable in appearance, and
we observed them in six of the seven DS patients
studied here. Most plaques that resembled classical
plaques in DS patients showed ill-defined cores (Fig-
ure 8A). These poorly delimited cores were immuno-
reactive with anti-A,B antibodies as well as thioS posi-
tive. Only rarely were plaques with this fibrous
morphology found in thioS-stained sections of AD pa-
tients (Figure 8C). However, more frequently AD
plaques showed less distinct fibrous components
after optical sectioning by CLSM (Figure 8D). Many
plaques in the frontal cortex of the AD and DS patients
were lightly stained with thioS, and some of them con-
tained thioS-positive dystrophic neurites as illustrated
in the lower right panel of Figure 8A. As demonstrated
in Figure 9, some plaques in DS brains were strongly
A,B immunoreactive as well as strongly thioS positive.
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Figure 8. Fibrouis plaquies are shown in these 25 jn-thick paraffin scections offrontal cortex that ivere stained iLith thioS ancd viewved uith FITC
filter settintgs ini the CLSMV1. Each photograph represents a comiposite (of 8 to 12 optical sections. (A) I 'ariecl norpbologies of fibrou.s plaques of cia DS
patient ( upper panels, loner left patnel). The lower right pan-iel cdepicts a plaque containing cdvstrophic neurites inl a DS br-ail. Dystrophic neurit(tevs
are also stained with thioS. These membranie-bound cldstrophic neurites are sharply, cdelni-eated (arrowheads), aind this distinguishes tbenifrom the
less wvell delineated extracellularfibrous AP3 comiponents. (B) Highbet magnification of afibrous plaquoe cn/aB DS brain1. (C) Ajibrous plaquefrton an
AD brain. This plaque is sinilar to the nunierous fibrous plaques in DS brains. Hoeit'er. fihbrouts plcaquies are-C) rare ini AD bi-cnii-s. (D) M1an vplaques
in A[) brains appecar- anoinphous ubhen Vie'ed in epifluorescence but by supenimposing 12 optical sectionIs some fibrous comiponents becanie appCar-
ent. In adclitioni, these two plaques conitain1 dystrophic neiurites. All scale bars = 10,um.

However, only occasionally were some fibrous com-
ponents detected in immunostained plaques, and
never to the extent seen in thioS-stained preparations
as illustrated in Figure 10. Noteworthy are the defined
borders of these immunostained plaques, which con-
trast with the poorly delimited thioS-positive fibrous
plaques (compare Figures 8 and 10).

Fibrous plaques were prominent in six of the seven
DS patients studied. One 53-year-old DS patient (no.
17) had conspicuously fewer plaques in the frontal
cortex than did the other DS patients, although
plaque numbers in this patient still exceeded the Na-
tional Institute on Aging Consensus Criteria for the
diagnosis of AD.24 ThioS-stained plaques in this pa-

l2
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Figure 9. Two adjacetnt 6 ym-thick paraffin sectiotns of a DS brain were imnmuniostainced with anti-A,B anitisenim 2332 uisinzg PAP and DAB (A)
and tbioS (B). Asterisks nark the sane blood vessels in both sections. Only three of minuerous immunostained plaques are brightly fljorescent in
the thioS-stained section. Scale bar = 100 ymni.
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Figure 10. Six pmu-thick parajfinz sections of DSfronital cortex were imninuiiostained with aiiti-Af anitiseruiiii 2332 using PAP anid DAB anld coiutn-
terstained uwith hematoxylin. In a subset of immunostained DSplaques sonme fibrous stnictures are discernable. Scale bar = 20 tni.

tient did not appear fibrous as in the other DS patients.
Instead, they resembled the amorphous or very faint
staining often seen in plaques of AD patients. Inter-
estingly, this retarded patient did not show further
mental decline before her death.

Discussion
In this study, we demonstrate a form of amyloid that
is thioS positive, but only weakly or not at all immu-
noreactive with anti-A,3 antibodies. This thioS-positive
amyloid was seen commonly in the center of spherical
amyloid cores of classical and compact plaques in
AD brains and in fibrous plaques in DS brains. The
"spherical" amyloid cores described in this study are
referred to as amyloid stars by electron microsco-
pists, and they have been shown repeatedly to be
composed entirely of fibrillar amyloid.28-31 Thus, our
data suggest that amyloid fibrils in the peripheral re-
gion of the amyloid star where bundles of amyloid

fibrils interdigitate with microglial processes are
strongly immunoreactive with anti-AP3 antibodies. In
contrast, amyloid fibrils in the center of the amyloid
star are far less AP immunoreactive, but they are
strongly thioS positive. This raises the possibility that
antibodies cannot penetrate the densely packed
amyloid fibrils in the center of the amyloid star while
thioS, a much smaller molecule, has access. This is
unlikely, given that cut surfaces of these amyloid
cores also remain unstained as demonstrated in Fig-
ure 1 C. In addition only the centers of these cores are
autofluorescent, indicating a difference in the mo-
lecular composition of the center and the rim of the
cores (Figure 1, A and B).

Although many classical plaques (eg, those with
core and corona) were found in DS brains, the great
majority of these plaques differ from their counter-
parts in AD brains morphologically and in their stain-
ing properties with anti-AP3 antibodies and thioS. This

.0
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implies that there may be differences in the molecular
composition of these plaques as well. Plaque cores in
DS brains were irregular and often larger than the
ring-shaped cores in AD plaques as reported previ-
ously.32 Moreover, these irregular cores in DS plaques
are immunoreactive with anti-AP antibodies as well as
thioS positive in contrast to the spherical AD plaque
cores (see above). ThioS-positive fibrous plaques are
uncommon in AD patients but they were numerous in
most of the DS brains studied here. Occasionally
some fibrous components are present in anti-A,B im-
munostained plaques of AD; however, patchy or
amorphous immunostaining is more common. This in-
dicates that most of the thioS fibrous components of
these plaques are made up of a form of amyloid that
is not immunoreactive with anti-AP antibodies. Nota-
bly, descriptions of thioS-positive fibrous amyloid
plaques (termed caput medusae) as well as their
autofluorescence with UV illumination had been re-
ported earlier.3334 Classical and compact plaques
occur mainly in AD and control patients aged 70 years
and older.35 All DS patients in this study were younger
than 70 years old, and this might explain the virtual
lack of classical and compact plaques with spherical
cores in the brains of these patients.

These findings raise questions concerning the iden-
tity of the thioS-positive and non-A,3-immunoreactive
material in the structures described here. One possibility
is that this material is unrelated to AP. For example, it
could be amyloid P, which is thioS positive and has been
found in amyloid plaques.36'37 Alternatively, this material
could represent A,B that is altered in different ways.38 For
example, studies conducted with monoclonal antibod-
ies specific to the 1-40 and the 1-42(43) amino acid
forms of A,B have shown that AP 1-42(43) is found in
larger numbers of plaques than A,B 1-40 but that AP3
1-40 is more frequently found in cored than in uncored
plaques.39'40 Thus, proteolysis could modify the immu-
nological properties of AP peptides in plaques. Further,
other modifications of amino acids in the AP3 peptide
have been described in the brains of AD and DS pa-
tients, and a recent study showed that modified forms of
A,B may not be recognized by antibodies raised to the
unmodified AP3 peptides.41 Alternatively, glycation, po-
lymerization, or other modifications mediated by plaque
associated elements such as microglia may alter AP,
thereby rendering thioS-positive AP3 non-immuno-
reactive with anti-AP3 antibodies.42-4 One must also
consider the possibility that thioS binds to one of the
many other plaque-associated proteins that are not typi-
cally regarded as amyloidogenic.4547 Finally, thioS may
bind to some forms of A13 peptides only when they are
associated with one of these proteins. For example,
Snow et al.48 recently showed that synthetic AP3 injected

into rat brain consistently formed thioS and Congo red-
positive deposits only when heparan sulfate proteogly-
cans were added to the injectate. Given that A/3-
immunoreactive plaques occur commonly in AD as well
as during normal aging, it is important to identify those
forms of AP3 that are most closely linked to the dementia
and the degeneration of selective groups of neurons in
AD.
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