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22pter-+qll, which can be represented as probe D22S9 could be useful is DiGeorge 
dic(22;22) (ql1;qll)  or 22pter jql l : :  syndrome, which is characterized by aplasia 
q11-+22pter (four copies of D22S9), but of the thymus and ~arathyroids, and which 
can also result from an interstitial duplica- may be associated with a small deletion at 
tion of the 22ql l  region (three copies of 22ql l  ( I  I ) .  A similar approach may prove 
D22S9). The latter may explain the few useful in assessing the chromosomal compo- 
reported CES cases that lack an extra chro- sition of tumors, since the need to culture 
mosome ( lo) . Our conclusion can extend such tissue is eliminated. 
only to the patients tested, as a random 
selection of subjects would be impossible 
because of the small numbers available. REFERENCES AND NOTES 
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A Neuronal Antigen in the Brains of 
Alzheimer Patients 

A monoclonal antibody was prepared against pooled homogenates of brain tissue from 
patients with Alzheimer's disease. This antibody recognizes an antigen present in much 
higher concentration in certain brain regions of Alzheimer patients than in normal 
brain. The antigen appears to be a protein present in neurons involved in the formation 
of neuritic plaques and neurofibrillary tangles, and in some morphologically normal 
neurons in sections from Alzheimer brains. Partial purification and Western blot 
analysis revealed the antigen from Alzheimer brain to be a single protein with a 
molecular weight of 68,000. Application of the same purification procedure to normal 
brain tissue results in the detection of small amounts of a protein of lower molecular 
weight. 

ALZHEIMER'S DISEASE IS A NEURO-

degenerative disorder characterized 
clinically by progressive loss of intel- 

lectual function. This impairment of func- 
tion appears to be correlated with numbers 
of neuritic plaques in the neocortex and with 
loss of presynaptic markers of cholinergic 
neurons (1).Neuritic plaques are composed 
of degenerating axons and nerve terminals, 
often surrounding an amyloid core and usu- 
ally containing reactive glial elements (2). 
Another characteristic pathologic feature of 
Alzheimer's disease, the neurofibrillary tan- 
gle, is an intraneuronal mass composed of 
normal intermediate filaments and paired 
helical filaments (PHF) with unusual prop- 
erties (3) .  

In studying the topographic distribution 
of plaques and tangles in the brains of 

Alzheimer patients, we noted that the le- 
sions occur with high frequency in regions 
receiving cholinergic innervation from the 
ventral forebrain (4). This cholinergic cell 
group appears to be extremely vulnerable to 
the disease process, and evidence that cho- 
linergic nerve terminals participate in plaque 
formation has been presented (5).To better 
define the relation between ventral forebrain 
cholinergic neurons and the lesions of the 
Alzheimer brain, we have prepared mono- 
clonal antibodies to homogenates of ventral 
forebrain tissue taken at autopsy from four 
patients with Alzheimer's disease. The re- 
sulting antibodies were screened on the ba- 
sis of their ability to differentiate brain tissue 
from patients with Alzheimer's disease and 
from normal subjects in both immunochem- 
ical and immunocytochemical procedures. 
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Antibodies were initially assayed accord- 
ing to their ability to bind to brain homoge- 
nate that had been immobilized onto polyvi- 
nyl plates (1yg per 50-mrn diameter well) 
by drying at 37°C for 1 hour. Antibody 
binding was detected with peroxidase-con- 
jugated goat antibody to mouse imrnuno- 
globulins. Those antibodies that showed 
greater than a 50% increase or decrease in 
binding to homogenates of Alzheimer brain 
relative to normal tissue were studied fur- 
ther. One of these antibodies, Alz-50, is 
described below. 

Initial assays showed that the binding of 
Alz-50 was highly selective for brain tissue 
from Alzheimer patients. Figure 1 shows 
that 0.33 pg of temporal cortex homogenate 
from Alzheimer patients gave an optical 
density only slightly lower than 10 kg of 
temporal cortex homogenate from normal 
patients. From these data we conclude that 
the antigen is elevated 15 to 30 times in the 
temporal cortices of the Alzheimer patients. 
Alz-50 reactivity was similarly elevated in 
the nucleus basalis and hippocampus. These 
areas, cortex, nucleus basalis, and hippocam- 
pus, are all known to contain neuritic 
plaques and neurofibrillary tangles in brains 
of patients with Alzheimer's disease. Brain 
areas less affected by the disease, such as 
caudate, thalamus, or cerebellum demon- 
strated little or no reactivity. 

The immunocytochemistry of Alz-50 on 
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Fig. 1. Quantitation of Alz-50 reactivity in tanporal cortex of patients that had died of Alzheimer's 
disease and normal individuals. Alzheimer's disease cases were typtcal in both clinical and neuropatholo- 
gic features (3). Brains were obtained from normal individuals dying in hospital from lung or heart 

-, 400 disease. These patients were not demented prior to death and had no history of neurologic or 
psychiatric disease; neuropathologic studies failed to reveal any sigdicant pathology. The reactivity in 
the brains of the Alzheimer patients is estimated to be 15 to 30 times greater than in the brains of the 

3 200 normal subjects. Various amounts of antigen (x axis) was dried onto 90-well polyvinyl plates (NUNC, 
Germany). Nonspecific binding of protein to the antigen was blocked by incubating the plates with 
0 . 0 M  TBS,pH 7.4, plus 5% dried milk for 1 hour. Alz-50 was diluted 1: 5 in blocking solution and 

o incubated overnight at 4°C. Unbound antibody was removed by washing five times with 0.02% T'ween- 
lo.' 3.3 0.33 3.3 0.33 TBS. Pemxidase-coupled goat antibody to mouse immunoglobulins (Kirkegaard &Perry) was diluted Alzhelmer Normal 

Protein (yolweii) 1: 100 in blocking solution, added to the plates, and incubated for 1 hour at room temperature. After 
five washes with 0.02% Tween-TBS, reactivity was visualized with 22'-azino-di'-3-ethyl-benzthiazo- 
line solution (ABTS) (Kirkegaard & Perry). Results are expressed as means, with standard deviations 
indicated. Numbers of cases were ten for Alzheimer and six for normal. 

Formalin-fixed tissue was dramatic and was 
consistent with the hypothesis that Alz-50 
was highly selective for neuronal compo- 
nents in Alzheimer brain (Fig. 2A). Many 
neurons in the pyramidal layer of the hippo- 
campus were stained. The antigen was pres- 
ent in cell bodies and in neurites. Figure 2C 
shows that plaques were strongly stained by 
the antibody. The staining was confined to 
the neuritic meshwork present in plaques. 
Darkly stained neurons and plaques were 
found throughout Alzheimer hippocampus 
and cortex. By contrast, there was virtually 
no staining of normal brain (Fig. 2B). This 
pattern of specificity was observed in a total 
of eight brains fiom Alzheimer patients and 
five brains fiom normal subjects. 

To determine the relation between Alz-50 
staining of neurons and the presence of 
neurofibrillary tangles we used a double 
staining technique. Vibratome sections of 
Formalin-fixed Alzheimer tissue were react- 
ed with Alz-50, and reactivity was visualized 
with the use of peroxidase conjugated goat 
antibody to mouse immunoglobulins. 4- 

Chloronaphthol was used to visualize the 
peroxidase reaction; this compound, a per- 
oxidase substrate, yields a product that pre- 
cipitates in aqueous solutioil but is soluble 
in organic solvents. The tissue section was 
photographed and the 4-chloronaphthol 
was removed by dehydration and xylene 
treatment. Finally, plaques and tangles were 
stained with thioflavine S. a sensitive his- 
tologic reagent for the demonstration of 
these lesions, and the section was photo- 
graphed again. 

Comparison of the staining patterns (Fig. 
3) revealed that many neurons were stained 
both by the antibody and by thioflavine S. 
However. several neurons were darklv 
stained b; the antibody and did not appea; 
to contain neurofibdary tangles. A small 
fiaction of neurons that contained tangles 
and were thioflavine-positive were not posi- 
tive for Alz-50 (Fig. 3, A and B). The 
staining of plaques by Alz-50 was also stud- 
ied by this method. ALL plaques bound both 
Alz-50 and thioflavine. In addition, these 
results confirmed the neuritic nature of the 

Fig. 2 (left). (A) Immunocytuchemisuy of Alz-50 staining in the pyramidal 
layer of hippocampus fiom a brain affected by Alzheimer's disease. Vibra- 
tome sections (40 pm) were cut from Formalin-fixed brain. The tissue was 
washed twice in TBS, incubated for 30 minutes in 0.25% Triton X-100- 
TBS, washed once in TBS, and incubated for 30 minutes in dried milk 
(blocking solution) for 1 hour at room temperature to prevent nonspecific 
biding of antibody. Alz-50 was diluted 1:s in blocking solution and 
incubated with the tissue sections overnight at 4OC. Unbound antibody was 
moved by washing in TBS. Peroxidase coupled goat antibody to mouse 
immunoglobulin G was diluted 1:  100 in blocking solution and incubated 
with thc tissue sections for 1 hour. Antibody was visualized by incubating 
the sections for 8 minutes in a 0 . M  ms solution, pH 7.4, containing 0.45 
mgtrnl of diaminobenzidine and 0 . M  mM hydrogen peroxide. The tissue 

antibody staining; staining was present in 
the neuritic periphery of the plaques but 
absent in the amyloid core. 

Simple biochemical experiments suggest 
that the Alz-50 antigen is distinct from 
PHF, the major tangle component. Unlike 
PHF, the Alz-50 antigen is largely soluble in 
0.01M ais-buffered saline (TBS) and com- 
pletely soluble in TBS conmining 5% sodi- 
um dodecyl sulfate (TBS-SDS) (6). Solubili- 
ty was tested by vortexing Alzheimer cortex 
homogenate for 2 minutes in TBS or TBS- 
SDS. The homogenate was then centrifuged 
at 10,0008 for 10 minutes. supernatant and 
pellet were separated, and the pellet was 
washed twice by homogenizing and centri- 
@g as above. The supernatant and pellet 
were homogenized in water and various 
amounts of each sample (10,3,1 pg per 50 
11.1) were dried onto polyvinyl plates. The 
presence of antigen was determined by an 
enzyme-linked immunosorbent assay 
(ELISA). PHF reactivity was monitored by 
means of an antibody to PHF, antibody 
704.1 (10). Alz-50 reactivity was found in 

.*- hen washed in TBS, dehydrated, and mounted. Magnification x 12.5. 
(B) Alz-50 staining in hippocampus from a normal brain. (C) A plaque from 
frontal cortex of a brain affected with Alzheimer's disease. M@cation 
~ 2 5 .  Fig. 3 (right). (A) Irnmunocytochemistry of Alz-50 in hippocarn- 
pus firom a brain affected by Alzheimer's disease. Arrows point to neurons 
that react with Alz-50 (A) but do not stain with thioflavine S (B). For details 
on the immunocytochemistry see legend to Fig. 1. The pcmxidase reaction 
was developed by using 0.2 mglml of 4-chloronaphthol instead of diamino- 
bcnzidine (as in Fig. 2). Microscopy was performed by using phosphate- 
buffmd saline (PBS)-glycerol instead of dehydration. Magnification x 12.5. 
(B) Thioflavine S histochemistry of the same section from (A). Note the 
absence of thioflavine S staining of neurons (arrows). To remove the 4 
chlomnaphthol the section was dehydrated, whereupon the 4-chloro- 
naphthol dissolved in the xylene, and then subsequently rehydrated. The 
section was then incubated in a 0.01% thioflavine S solution in Formalin and 
rinsed by dipping three times in 80% ethanol (fluorescence microscopy; 
ma@cation x 12.5.) 
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the TBS supernatant and was quantitatively 
recovered in the TBS-SDS supernatant, 
whereas PHF reactivity remained in the 
pellet after TBS-SDS extraction. Thus, Alz- 
50 immunoreactivity is soluble and segre- 
gates away from PHF immunoreactivity. 

Enzyme experiments confirmed this re- 
sult. Before we dried the Alzheimer brain 
homogcnates onto polyvinyl plates, we 
treated them 0,20, or  60 minutes with 
aypsin or alkaline phosphatase. An ELSA 
was used to measure the sensitivity of the 
Alz-50 epitopes to the treatment. Unlike the 
PHF, the Alz-50 epitope was highly sensi- 
tive to trypsin. This supports the hypothesis 
that the Alz-50 antigen is not PHF, and also 
demonstrates that the antigen is a protein. 

ZUU - 

Fig. 4. Western blot of (A) Alzheimcr A d  (B) 
normal temporal cortex fractions from the void 
volume of a Sepharose 6B column; (C) prestained 
molecular weight standards (Bethesda Research 
Laboratories). Temporal cortex (2.5 g) was ho- 
mogenized into 10 ml of PBS and cenafuged at 
20,0008 for 20 minutes. The supernatant was run 
through a Sepharose 6B column and the void 
volume was collected. Protein determinations 
were performed and the samples were run on a 
10% SDS-PAGE gel. Fifteen micrograms of pro- 
tein was in the AIzheimer sample (A) and 45 kg 
of protein was in the normal sample (B). The 
protein was transferred to nitrocellulose for 3 
hours at 125 mA; the buffer contained 19.2 mM 
glycine, 2.5 mM trizana base, and 20% methanol 
at pH 8.3. The antibody reaction was developed 
as in Fig. 2, except that phosphatase-coupled 
antibody was used instead of peroxidase-coupled 
antibody. Color development was achieved by 
means of BCIPNBT (Kirkegaard & Peny). 
Omission of the incubation with Alz-50 com- 
pletely abolished staining. 

The Alz-50 epitope is not phosphatase sensi- 
tive; this does not prove that the Alz-50 
antigen is not phosphorylated, although it is 
of interest because many antibodies to neu- 
rofilament epitopes that idenufy neurofibril- 
lary tangles fail to react after phosphatase 
treatment. In addition, this result suggests 
that phosphorylation of the epitope does 
not account for the ability of the antibody to 
distinguish between Alzheimer and n o A d  
.bnin. 

A Western blot of the Alz-50 antigen was 
obtained by first pur@ing the Alz-50 anti- 
gen in native form on a Sepharose 6B 
column. Temporal cortex homogenate from 
Alzheimer patients or normal subjects was 
centrifuged at 27,2008 for 20 minutes, and 
the supernatant was run through the Sepha- 
m e  6B column. An immunoreactivity pro- 
lile was obtained by diluting each fraction 
1: 100 in water, drying 50 ~1 of diluted 
fraction onto polyvinyl plates, and assaying 
by ELISA. The profile from Alzheimer 
brain revealed a single immunoreactive peak 
at the void volume. By contrast, no immu- 
noreactivitv was seen in the column fraction- 
ation of n&rmal brain at this dilution. At a 
lesser dilution, normal brain irnmunoreac- 
tivity was seen at the void volume. This 
resdt supports the quantitative data shown 
in Fig. 1 demonstrating 15 to 30 times as 
much immunoreactivity in the Alzheimer 
brain as in the normal brain. 

Samples of supernatant from' Alzheimer 
and normal cortex were then studied by the 
Western blot technique (Fig. 4). The major 
band in Fig. 4, lane A, has an apparent 
molecular weight of 68,000 (68K). In Fig. 
4, lane B, the reactivity from the normal 
void volume fraction was. brought out by 
loading onto the polyacrylarnide gel three 
times as much protein as was used for the 
Western blot of the Alzheimer void volume 
fraction. The major band has an apparent 
molecular weight of 59K. A doublet at 
2453 is also present. 

These results show that in TBS the anti- 
gen rec0gmz.d by Alz-50 is either aggregat- 
ed or is part of a large complex. When 
dissociated, the epitope occurred as a single 
68K protein that was distinctly different 
from the 59K antigen from normal brain. 
Several relevant proteins have subunit mo- 
lecular weights in the 68K range: in the 
cytoskeletal family there are neurofilament 
and tau proteins (3, in the cholinergic 
family there is choline acetyltransferase (8). 
The Alz-50 antigen is therefore unlikely to 
be neurofilament, tau protein, or choline 
acetyltransferase, because none of these pro- 
teins seems to be elevated in concentrations 
15 to 30 times in the brains of Alzheimer 

patients. Further, if the 68K Alzheimer type 
protein is related to the 59K protein, then 
the Alz-50 antigen is unlikely to be neuroa- 
ament, tau protein, or choline acetyltrans- 
krase. The relation among the proteins de- 
tected is questionable: the relatively large 
amounts of samples of normal brain tissue 
needed to detect any reactivity raises doubts 
about the specificity of the antibody bind- 
ing. Some monoclonal antibodies to tangles 
react with proteins in the 59K to 68K range 
(9), but none of these show quantitative 
differences between normal and-Alzheimer 
brain. The points raised above suggest that 
the epitope recognized by Alz-50 is a novel 
antigen. 

Our results demonstrate that Alz-50 rec- 
ognizes a protein present in neuronal termi- 
nals in plaques and in most neurons with 
tangles. The surprising finding is that Alz- 
50 immunoreactivity appears to precede the 
deposition of neurofibrils and PHF's to form 
tangles. Thus Alz-50 may recognize a precur- 
sor to tangle formation. Alternatively, Alz-50 
immunoreactive neurons may be affected by 
Alzheimer pathophysiology but may not tbrm 
dassical tangles. The biochemical data show- 
ing that Alz-50 is not PHF antigen is consist- 
ent with this discordance between the pres- 
ence of Alz-50 and the presence of neun>- 
fibrillary tangle. The function and identity of 
the proteins that are recognized by Alz-50 
remains to be elucidated. 
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