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Brain amyloidosis with abundant [3/A4 protein
deposition in plaques and cortical and meningeal
vessels is found in Alzbeimer’s disease (AD) and
bereditary cerebral bemorrbage with amy-
loidosis-Dutch type (HCHWA-D). In contrast to
AD, no neuritic pathology or classical congopbilic
plaques are found in HCHWA-D. Unlike most AD
cases, the congophbilic angiopathy in HCHWA-D is
very severe. It is still unknown whether [3/A4 de-
posits in plaques and vessels bave the same or-
igin. In this study, we bave used frozen cortical
tissue of HCHWA-D and AD patients to investigate
the /A4 amyloid protein and the amyloid precur-
sor protein (APP) in different types of plaques
and congopbilic angiopatbhy. Immunobistochem-
ical staining was conducted using antibodies
against syntbetic [3/A4 proteins and antibodies
against APP including MAbP2-1, a monoclonal an-
tibody against purified protease nexin-2, which is
the secreted form of APP. In contrast to immuno-
bistochemical studies on formalin-fixed, par-
affin-embedded tissue, frozen tissue of HCHWA-D
patients revealed a very bigh number of B/A4
Dlaques resembling AD. All plaques were of the
diffuse type. Doublestaining with MAbP2-1 and
B/A4 antisera revealed 1) the presence of APP im-
munoreactivity in classical plaques and transi-
tional forms; 2) the absence of APP immunoreac-

tivity in diffuse plaques in HCHWA-D and AD; and
3) pronounced APP immunoreactivity in congo-
philic vessels in HCHWA-D in contrast to weak
APP staining in congopbilic vessels in AD. To-
gether these findings suggest that a) the presence
of APP in plaques is related to neuritic changes;
b) different processes occur in amyloid forma-
tion in plaques and vessels; and c) differences ex-
ist between the process of amyloid formation in
HCHWA-D and AD. (Am J Pathol 1993, 142:
1449-1457)

Amyloidosis of the central nervous system and for-
mation of paired helical filaments' (PHF) are the most
characteristic pathological features of patients with
Alzheimer's disease (AD)? and aged patients with
Down Syndrome.® The amyloid protein in these dis-
orders is the 4-kd B/A4 protein,*7 which is derived
from a larger membrane-spanning molecule,®® the
amyloid precursor protein (APP).'9-'2 The B/A4 pro-
tein contains half of the transmembrane region and
the first 28 aminoacids of the extracellular domain.-”
The normal processing of APP, involved with the
release of the extracellular domain known as pro-
tease nexin-2 (PN-2),'3-15 is the result of proteolytic
cleavage through the B/A4 domain of APP.'® Re-
leasing of intact B/A4 occurs through aberrant pro-
teolysis of APP caused by unknown brain specific
processes. 617

B/A4 deposits are found as senile plaques dis-
persed in the neuropil of the cortex, hippocampus,
and subcortical nuclei. Several types of /A4 plaques
have been described, including the classical amyloid
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plague surrounded by dystrophic neurites and glial
cells'® and the amorphous or diffuse, noncongophilic
plague, 28 which seems to be an early stage in
amyloid plague formation.®:25:26 |n addition to amy-
loid in plaques, amyloid is found in blood vessel walls
in some AD patients. Vascular amyloid is localized
in the media and adventitia of cortical and menin-
geal small- and medium-sized arterioles and capil-
laries.2°-31 This phenomenon is called congophilic
angiopathy or cerebral amyloid angiopathy. Plaques
and vascular amyloid can also be found in aged non-
demented controls, though less abundantly.

Messenger RNA for APP, which is encoded by a
gene on chromosome 21,8:10-12 s expressed in many
cell types within and outside the brain.'0-32:33 Re-
cently, mutations in the /A4 region of the APP protein
have been described in a few families with hereditary
AD?®4-37 but not in other AD families or the sporadic
AD cases. In a rare form of brain amyloidosis, called
hereditary cerebral hemorrhage with amyloidosis-
dutch type (HCHWA-D), severe congophilic angiop-
athy is found in cortical and meningeal vessels at an
early age®*" due to a mutation at position 22 of the
B/A4 protein.#2-44 |n patients with HCHWA-D, a vari-
able number of diffuse, noncongophilic plaques
have been described,®®4° but no neuritic pathol-
ogy.40-41.45 Because there is an absence of classical,
congophilic plagues in this tissue,384%-41 HCHWA-D
patients provide a unique model for the study of dif-
fuse plaque formation.

The origin of the B/A4 protein remains unclear. A
vascular, glial, neuronal, or extracerebral source has
been suggested. It is also unknown whether plaque
amyloid and vascular amyloid are induced by the
same proteolytic processes. To understand further
amyloid formation in plagues and vascular amyloid,
we have investigated immunohistochemically the dis-
tribution of APP and B/A4 proteins in patients with
HCHWA-D and compared the findings with those in
AD patients.

Materials and Methods
Brain Tissue

Brain tissue was obtained at autopsy from four
HCHWA-D patients, five AD patients, and three con-
trols (see Table 1). AD and control brain tissue was
obtained from the Netherlands Brain Bank, Amster-
dam (Coordinator Dr. R. Ravid). Diagnosis was con-
firmed using routine histochemical staining tech-
niques (hematoxylin and eosin staining, Bodian
silver, modified Bielschowsky or periodic methe-
namine silver staining, Congo red staining) per-

Table 1. Age, Sex, Duration of the Disease, and
Clinical Diagnosis of Patients Used in This

Study
Patient Duration Weight
No. Age Sex (years) Diagnosis (9)
1 81 F >2 SDAT 990
2 64 M 6 AD 1355
3 40 M 5 AD 1370
4 64 M 7 AD 1210
5 48 M 8 AD 1435
1 47 F 2 HCHWA-D 1250
2 42 M 1 month HCHWA-D 1500
3 5 M 5 HCHWA-D 1360
4 51 M 3 HCHWA-D 1400
1 73 M - Nondemented 1410
2 51 F - Nondemented 1190
71 F - Nondemented 1240

formed on formalin-fixed, paraffin-embedded tissue
(fixation in 10% formalin for 4 to 5 weeks). Small
pieces of parietal, temporal, and/or occipital cortex
were frozen in liquid nitrogen for immunohistochem-
ical studies. Immunohistochemical staining was
also performed on routine fixed, paraffin-embedded
cortical tissue. In addition to numerous plaques, AD
patients were selected for the presence of congo-
philic angiopathy.

Antibodies

Mouse monoclonal antibodies (MAbs) and antisera
in this study included MAbP2-1,3-1% which recog-
nizes an N-terminal epitope on all major isoforms of
APP, and rabbit antiserum APP-45 (gift Dr. K. Bey-
reuther) against total APP-695, MAb22C11 (Boeh-
ringer), rabbit anti-A4-antisera 631227 (gift Dr. C.L.
Masters and Dr. K. Beyreuther), and SP2846 (cour-
tesy of Dr. B. Frangione) against respectively 1-42
and 1-28 synthetic B/A4 proteins, NFT20047 (Inno-
genetics) against PHF and dystrophic neurites, and
a MADb against glial fibrillary acidic protein
(Monosan).

Immunohistochemical Staining

Staining with MAbP2-1, APP-45, MAb22C11, anti-
A4, SP28, anti-GFAP, and anti-PHF antibodies was
performed on frozen tissue. Then 8-p-thick serial
cryostat sections were mounted on poly-L-lysine-
coated glass slides, air-dried, and fixed in acetone
or a buffer with 4% paraformaldehyde for ten min-
utes. Ad-antisera, APP-45, and MAb22C11 were
also used for immunohistochemistry on formalin-
fixed tissue. Eight-p-thick paraffin sections were
then mounted on poly-L-lysine- (or chrome-alum



gelatine-) coated glass slides, dehydrated in etha-
nol, and preincubated in 0.3% H,0O, to block en-
dogenous peroxidase. Paraffin sections were pre-
treated with 85% formic acid*® before B/A4 staining.

All antibodies were appropriately diluted in
phosphate-buffered saline, pH 7.4, containing 1%
bovine serum albumin. Immunolabeling for
MADbP2-1 was demonstrated with the indirect tech-
nique, using peroxidase labeled rabbit anti-mouse
antisera (DAKO, Denmark) as a second antibody.
Immunolabeling for rabbit antisera (A4, APP-45,
SP28) was demonstrated with the peroxidase-
antiperoxidase technique.“® These sections were
preincubated with normal swine serum. Peroxid-
ase activity was revealed by the DAB
method. (5 mg 3,3-diaminobenzidine [DAB] in 10 ml
phosphate-buffered saline, pH 7.4, containing
0.02% H,0, for 3 to 5 minutes). After immunoperox-
idase staining, sections were counterstained with
Congo red®° (if not pretreated with formic acid) to
visualize the amyloid, then dehydrated, and
mounted. Specificity of the polyclonal antiserum
APP-45 was confirmed by absorption with purified
PN-2/APP. Antiserum APP-45 was incubated over-
night at 4 C with several dilutions of PN-2/APP rang-
ing from 1 mmol to 100 mmol and centrifugated at
10,000g. The supernatant was used as primary an-
tibody.

Double Staining

Double staining was performed on frozen tissue by
incubating simultaneously with anti-B/A4 rabbit
polyclonal antibodies and MAbP2-1, followed in the
second step by an incubation with alkaline-
phosphatase-labeled goat anti-rabbit (Tago, Burlin-
game, CA) and biotinylated horse anti-mouse (Vec-
tor Laboratories, Burlingame, CA). In the third step,
sections were incubated with peroxidase-labeled
avidin-biotin-complex (Vector Elite kit). Peroxidase
activity was visualized using the DAB method. Alka-
line phosphatase was revealed using naphthol
AS-MX phosphate as substrate and Fast Blue BB as
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coupling agent. Secondary antisera and reagents
were tested for lack of cross-reactivity and nonspe-
cific staining.

Results

Our immunohistochemical findings are summarized
in Table 2. In cryostat brain sections of AD,
HCHWA-D, and controls, neurons (soma and part of
the axon) were immunoreactive with APP-antibodies
(Figure 1). Tangle-bearing cells identified by Congo
red staining did not show APP-labeling of the intra-
cellular tangles. Glial cells identified by MAbs
against glial fibrillary acidic protein, remained un-
stained for B/A4 or APP. In all cases, a faint staining
for APP could be found in cortical and subcortical
microvessels.

Plaques

Immunostaining with antibodies against synthetic
B/A4, (i.e., anti-A4 [63122] and SP28) showed iden-
tical results on adjacent sections. Immunoreactivity
was found in numerous plaques in HCHWA-D pa-
tients and AD patients. In HCHWA-D patients, the
density of B/A4 plaques was much higher in frozen
sections than in paraffin sections immunostained for
B/A4 or stained using periodic methenamine silver
method (40 to 70 plaques/mm? and 15 to 40
plaques/mm?, respectively). Counterstaining with
Congo red showed no birefringence of amyloid in
HCHWA-D, indicating that these plaques are of the
diffuse type (Figure 2). Comparing B/A4 and APP
staining in HCHWA-D cases on adjacent sections
revealed that diffuse, B/A4-positive plagues did not
show reactivity for APP-45 antiserum and MAbP2-1.
However, very rare APP-positive deposits were
found in two out of four patients. Similarly, brain
sections of HCHWA-D patients doublestained with
MADbP2-1 and A4 antisera revealed numerous A4-
positive but APP-negative plaques (Figure 1). In AD
brains, the density of B/A4-immunostained plaques

Table 2. Immunobistochemical Staining for Antibodies against B/A4 and APP in Diffuse and Classical Plaques, Vascular

Amyloid, and Neuropil Threads

Diffuse plagues

Classical plaques

Vascular amyloid

Stain HCHWA-D AD HCHWAD-D AD HCHWA-D AD Neuropil threads
Congo red - - np + + + -
B/A4 + + np + + + -
SP28 + + np + + + -
MAbP2-1 - —/+ np + + - -
APP-45 - ~/+ np + + - -
MADb22C11 - ~/+ np + + - -

~/x, a few noncongophilic plaques are stained; np = not present.
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Figure 1. Doublestaining for APP (MAbP2-1, brown) and B/A4 (rab-
bit 63122, blue) on frozen section of a patient with HCHWA-D. Note
neuronal staining for APP but absence of APP in diffuse B/A4
plaques. Congophilic vessels are double stained for B/A4 and APP.
(Scale bar = 40 u).

in frozen tissue was 40 to 80 plagues/mm?2. How-
ever, the density of plagues using modified
Bielschowsky staining on paraffin sections of adja-
cent tissue varied between 25 and 70 plaques/
mm2. Counterstaining with Congo red showed that
the diffuse, noncongophilic plagues outnumbered
the amyloid plaques. Diffuse plagues were found in
all cortical layers. Comparison of adjacent sections
stained respectively for B/A4 and APP showed that
in AD patients 5 to 20% of the B/A4-positive

plaques showed APP immunoreactivity either in the
corona of classical plaques (Figure 3) or as more
diffuse irregular plague staining. Paraformaldehyde
fixation did not reveal more APP-positive plaques
than acetone fixation. Doublestaining with B/A4-
antisera and MAbP2-1 did not show APP-positive
neurites outside the B/A4-positive plaques (Figure
4). Although APP-positive plagues were frequently
congophilic, some did not reveal birefringence.
Congophilic plagues but not diffuse plaques
showed a corona of dystrophic neurites stained with
antibodies against PHF. In control cases, some non-
congophilic, B/A4-positive plaques were found (0 to
12 plaques/mm? in frozen sections). APP-positive
deposits were rarely seen. No staining was found in
these cases using antibodies against PHF.

Congophilic Angiopathy

Immunohistochemical staining for B/A4 showed re-
activity of tunica media and adventitia in many lep-
tomeningeal and cortical microvessels of HCHWA-D
patients and less frequently in the microvessels of
AD patients. Congo red staining showed less exten-
sive staining of the vessel wall than immunohis-
tochemical demonstration of the B/A4 protein. No

Figure 2. A: Immunobistochemical staining for B/A4 protein on fro-
zen cortical tissue of a patient with HCHWA-D. B: Adjacent section
stained with Congo red. Note the discrepancy between Congo red
staining and B/A4 staining. (Scale bar = 80 ).

Figure 3. Immunoreactivity for APP (MAbP2-1) in the corona of a
congopbhilic plaque on frozen tissue of a patient with AD. (Scale
bar = 20 ).
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Figure 4. Doublestaining for APP (MAbP2-1, brown) and B/A4 (rabbit 63122, blue) on frozen tissue of a patient with AD. APP-positive structures
are associated with some (arrow) but not all B/A4 plaques. (Scale bar = 40 ).
Figure 5. Staining for APP (MAbP2-1) on frozen tissue of a HCHWA-D patient. Note the difference of immunoreactivity of the amyloidotic vessel

(arrow) and the normal vessel. (Scale bar = 20 ).

Figure 6. Immunoreactivity for APP (MAbP2-1) in neurons and in congophilic vessels in a frozen section of a patient with HCHWA-D. (Scale

bar = 40 p).

Figure 7. Immunobistochemical staining for APP (MAbP2-1) on a frozen section of an AD patient counterstained with Congo red. Note presence
of APP in the corona of a plaque but absence of APP in the adjacent congophilic vessel. (Scale bar = 20 ).

relationship was found between the B/A4 plaques
and the congophilic vessels. Occasionally, perivas-
cular B/A4 staining was found around congophilic
vessels outside the adventitia extending into the
neuropil (dyshoric angiopathy). This phenomenon
was seen in some AD cases and HCHWA-D cases.
In paraffin sections, staining for B/A4 of congophilic
vessels was much stronger than plague staining.
This difference, however, was not seen in frozen tis-
sue.

A combination of immunoperoxidase labeling for
APP and Congo red staining in frozen sections
showed that tunica media and adventitia of most
congophilic vessels in HCHWA-D were more in-
tensely stained for the APP protein (Figures 5 and
6). In contrast, amyloidotic vessels in AD patients
that were counterstained with Congo red did not
show this pronounced APP immunoreactivity (Figure
7). However, in the absence of Congo red counter-
staining, weak immunoperoxidase staining for APP
could be found in microvessels in AD patients and
in controls (data not presented). Furthermore, dou-

blestaining with MAbP2-1 and B/A4 antisera
showed doublestained vessels in HCHWA-D (Figure
1) but not in AD. The vessel staining with the poly-
clonal antiserum was greatly reduced by prior im-
munoabsorption with PN-2/APP. In addition, staining
of parallel sections of HCHWA-D patients with non-
immune rabbit polyclonal antiserum did not show
this vessel staining.

Dystrophic Neurites

Staining with NFT200 against PHF visualized numer-
ous tangles and dystrophic neurites (associated
with plaques or isolated in the neuropil) in AD but
not in HCHWA-D and controls. Dystrophic neurites
were especially seen around classical plaques with
a congophilic core. These plaques were also asso-
ciated with APP-positive neurites. In contrast, iso-
lated neuropil threads identified as isolated
NFT200-positive threads not associated with
plagues were unlabeled with antibodies against
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APP both in doublestained sections and compared
adjacent sections.

Discussion

The present light-microscopical study shows that
APP can not be demonstrated in most diffuse
plaques, neither with polyclonal antibodies against
total synthetic APP, nor with a MAb against purified
PN-2. This was clearly shown in four HCHWA-D pa-
tients who lacked congophilic plaques and had only
diffuse plaques. Absence of APP in diffuse plaques
was also noted in other studies using different anti-
bodies against N- and C-terminal regions of the
APP.45:51-53 Reports about the presence of APP in
all plagues in AD%* including diffuse plaques®® are
probably due to APP immunoreactivity in transitional
forms between diffuse and classical plaques. De-
tection of APP in neurites associated with classical
plagues have been demonstrated in several
studies. 45515456 A very small number of APP-
positive deposits was found in two out of four
HCHWA-D patients, which could suggest that tran-
sitional plaque forms are very rare or absent in this
disease. On the other hand, a small number of APP
deposits without amyloid proteins have also been
described in normal controls.5®

A recent study of AD patients by Tagliavini et al
has demonstrated APP immunoreactivity in diffuse
plagues with a MAb against the N-terminal region
but not with an antiserum against the C-terminal
segment.5” However, the MAbs in our study that are
also directed against an N-terminal region of APP'3
did not label the diffuse plaques. Importantly, the
study of Tagliavini et al employed formalin fixation
and paraffin embedding, whereas we used frozen
tissue. It is known that formalin fixation and paraffin
embedding can modify the results, especially con-
cerning the presence of serum proteins in
plaques.®® In addition, former studies of HCHWA-D
brains performed on paraffin sections*®45-57 have
reported the presence of few plaques in this disor-
der. In the present study, however, we have found a
large number of diffuse plagues that were APP-
negative. Comparative B/A4 staining with the same
immunohistochemical techniques and antibodies
showed that staining on frozen tissue revealed more
diffuse plaques/mm? in frozen sections than in par-
affin sections. Moreover, plaques were stained more
intensely in frozen tissue. Similarly, in AD brains, dif-
fuse plagues could be visualised better in frozen
tissue. Double labeling for B/A4 and APP in frozen
tissue did not show APP-positive cells or neuropil

threads outside the B/A4 deposits, with the excep-
tion of the neurons. Together, the present findings
suggest that previous reports about of APP-positive
neurites outside the plaques®® can be the result of
less optimal staining of plaques.

Conflicting reports exist about the presence of
APP in congophilic vessels. With the exception of
the study of Ko et al,®° most studies have reported
the absence of APP in congophilic vessels in AD
using a variety of antibodies.>'-52 A study of Taglia-
vini et al*® on cortices of patients with AD and pa-
tients with HCHWA-D demonstrated the co-
localization of APP and amyloid fibrils in congophilic
vessels. However, no discrimination was made be-
tween these two diseases. The novel finding in the
present study is that congophilic vessels in the
HCHWA-D brain exhibit much more APP immune
reactivity compared to congophilic vessels in AD. In
HCHWA-D, congophilic angiopathy is often severe
and starts at an early age, in contrast to AD where
congophilic vessels are not always found and ves-
sels are less heavily affected. In addition, quantita-
tive differences may exist between AD and
HCHWA-D in the process of amyloid formation in
congophilic vessels. The presence of APP in ves-
sels may be a function of the time course of amyloid
deposition.

Previous studies have suggested that plaque
amyloid derives from the vascular system.456% In
the present study, no relationship was found be-
tween plagues and congophilic vessels in
HCHWA-D nor AD consistent with other reports.55:62
Several differences between vascular and plaque
amyloid have been described.”®3-%% |t has been
suggested that diverse processing of the APP mol-
ecule occurs in vessel walls and brain parenchyma
due to tissue specific enzymes.®3 In a recent ultra-
structural study,®® APP has been found in smooth
muscle cells in leptomeningeal vessels, suggesting
that smooth muscle cells could be the source of
APP in congophilic angiopathy. On the other hand,
a neuronal origin of plague amyloid has been sug-
gested in recent ultrastructural studies.®”¢8 Differ-
ences between plaque and vascular amyloid are
supported by our findings that in HCHWA-D congo-
philic vessels are immunoreactive for APP, whereas
diffuse plaques are unstained.

Reactive neurites, identified by tau antibodies or
silver staining, are found in classical plaques and
transitional forms but not in diffuse plaques.’®:53 In
our opinion, APP-positive structures in some of the
plagues are reactive neurites in a later stage of
plaque formation. B/A4 deposition is a necessary
but not the sole basis for classical plaque forma-



tion.8:70 In this regard, HCHWA-D can be used as
a model for the study of different steps in plaque
formation. As there are neither neuritic nor glial
changes around the abundant diffuse plagues in
HCHWA-D, our findings do not support the hypoth-
esis of Kowall et al”" that B/A4 itself should produce
neurotoxic changes in the neuropil. Perhaps other
factors and/or conditions are present in AD, but
lacking in HCHWA-D, that are necessary to promote
B/A4 neurotoxicity.

In conclusion, we report the absence of APP im-
munoreactive structures in diffuse plaques both in
AD and in HCHWA-D. This suggests that diffuse
plaques in HCHWA-D can be used as a model to
study very early stages in amyloid plague formation
without neuritic changes. Furthermore, we report a
striking difference between HCHWA-D and AD con-
cerning the co-localization of APP in congophilic
vessels, suggesting that different processes occur
in these two disorders.
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