
Current discussions about the causes of Alzheimer's diseasefocus on the possible role of the amyloid 
protein. Some researchers think it's important; others don't 

A COUPLE OF YEARS AGO, a meeting on 
Alzheimer's disease would probably have 
focused on the s d c  neuronal svstems 
that degenerate in lthat syndrome. &wing 
which typcs of nerve cells malfhction and 
die would h e l ~  d e r s  understand the 
patients' symptoms and might even provide 
a guide for devisii therapies. But at a 
Dahlem conference on neurologid discascs 
held earlier this month, the topic was all but 
ignored. 

And it wasn't because the participants, 
succumb'hg to Alzheimer's themselves, had 
tbrgotten about it. It was because a new 
topic has taken center stage in Alzheimer's 
research in the last few years. "An enormous 
amount has been leked," says neuropa- 
thologist Donald Price of Johns Hopkins 
University School of Medicine, who helped 
to organize the Dahlem Confkrence. W e  
have ydenti6ed the nerve systems at risk. 
Now it's a matter of trying to understand 
what causes the pathology." 

Most of the discussion at the Dahlem 
conference centered on &IIS to understand 
the possible role of a protein called p- 
amykid in the etiology ofthe disease. Now, 
p-amyloid hasn't just come on the scene. 
There has long been reason for rhinkq that 
the protein, a major component of the ab- 
normal structures called plaques that stud 
the diseased portions of Alzheimer's brains, 
might play a part in the disease. 

But d e r s  have always been of two 
minds about how important that part is. 
Some have maintained that f3-amyloid depe 
sition in plaques plays a si@&t roG in 
causing the nerve degeneration seen in Alz- 
heimer's disease, while others argue that it's 
merely the result of that degeneration. 

What's new in the past few years is that 
the cloning of the gene encoding p-amyloid, 
in 1987 o m e d  the door for the first time to 
doing the'molecular studies needed for pin- 
ning down the role of the protein. Research- 
ers have since learned a meat deal about how " 
amyloid is made and what it's normal h c -  
tion might be. Despite that progress, how- 
ever, they st i l l  haven't solved their initial 
problem -since both sides can find some 
support for their views in the new findings. 

What might be called the new era of p- 
amyloid research began in early 1987 with a 

brief flurry of optimism when Alzheimer's 
researchers thought they might have the 
answer to their conundrum. There appear to 
be two forms of Alzheimer's, an early onset 
type that strikes people in their 6fties and a 
late developing type that doesn't become 
apparent until the seventh or eighth decade 
of life. Early onset Alzheimer's is thought to 
be caused by an abnormal gene, and in 1986 
genetic studies indicated that the gene was 
located on human c h r o m e  21. When 
the gene encoding p-amyloid was mapped 
to a nearby site on the same chromosome, 
hopes soared that it might at least be the 
gene that causes the early-onset form of 
Alzheimer's. Those hopes were dashed, 
however, when further studies indicated 
that the amyloid gene is some distance away 
fiom the Alzheimer's locus. 

But all was not lost for p-amyloid, as it 
happened. Shortly thereafter, Konrad Beyr- 
euther and Axel Unterbeclq who were then 
at the University of Cologne, Colin Masters 
of the University of Western Australia in 
Perth, Melbourne, and their colleagues 
cloned and sequenced the gene. That re- 
vealed that the amyloid protein has interest- 
ing properties that pointed to a potential 
role in Alzheimer's, even if it was not the 
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Alzheimer's culprit? Release of m y l o i d  
j o m  the APP molecule may contribute to Alr- 
heimer's pathology--then again, it may not. 
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primarycauseofd.lcdisease. 
Their work showed, tbr example, that p- 

amyloid, which contains some 40 amino 
acids, is synthesized as part of a larger 
molecule, called the amyloid precursor pro- 
tein, or APP. Researchers soon learned that 
the structure of APP has changed little 
during evolution, a finding that suggests 
that APP has an essential function-and that 
an interruption of that function might bc 
implicated in the disease. Also encouraging 
was the discovery that APP is widely made 
in neurons and in many other cells. 

But most intriguing was the finding that 
cells make two forms of APP, a short form 
containing 695 amino acids and a long one 
containing an insert of either 56 or 75 
amino acids that goes in at amino acid 289. 
What caught everyone's attention was the 
insert. Its structure resanbles that of a pro- 
tein that inhibits certain proteases (pmtein- 
cutting enzymes). Could that have anything 
to do with the normal function of APP or 
with its involvement in plaque formation? 

Well, the answer to the first part of that 
question is now in, and it's yes. About 2 
years ago, work by Beyreuther, who is now 
at the University of Heidelberg, and Mas- 
ters, who has moved to the University of 
Melbourne, showed that APP is embedded 
in cell membranes, with a short segment on 
the carboxyl end projecting into the cell 
interior and the bulk of the protein, indud- 
ing the protease inhibitor outside the 
cell. 

Furthermore, the outer portion of APP 
can be clipped offand seemed fmm the cell 
s d c e .  And last year, two groups, one 
including Tilman Oltersdod and his col- 
leagues at Athena Neurosciences, Inc., in 
South San Francisco and the other including 
William Van Nostrand and Dennis Cun- 
ningham of the University of California, 
Irvine, recognized that the secreted APP 
molecule containing the protease inhibitor 
segment is identical to a known protease 
inhibitor called protein nexin II. 

Van Nostrand and Cunningham also 
found that human blood platelets contain 
relatively large amounts of APP, releasing it 
when activated. This normally happens at 
injury sites as part of the My's blood- 
clotting and w o u n d - h a  mechanisms, 
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and Cunningham suggests APP may have a 
role in wound healing. In addition, Tsunao 
Saitoh of the University of California, San 
Diego, David Schubert of the Salk Institute, 
and-their colleagues have shown that the 
secreted fonn of APP may have growth 
hctor activity, which could also hcilitate 
wound heal&. 

Inmguing though these findings may be, 
there is considerable uncertainty over what 
they might reveal about the role of APP in 
plaque deposition in Alzheimer's. According 
to one interpretation, the stcrmd fonn of 
APP is unlikely to be the source of p- 
amyloid in the plaques. Roughly a third of 
the p-arnyloid segment of the precursor is 
buried in the nerve cell membrane. Hence, 
when the molecule is cleaved before being 
seemed, this portion remains in the mem- 
brane. Indeed, the Athena group has shown 
that APP secreted by cultured nerve cells 
contains less than half the f3-amyloid mole- 
cule. 

The discovery that one end of the p- 
amyloid portion of APP is hidden in the cell 
membrane presents a problem for research- 
ers who think 6-amyloid deposition is an 
important part of Alzheim2s pathology. 
Since the buried end is presumably inacces- 
sible to protein-cutting enzymes, it raises the 
possibility that p-amyloid formation and 
plaque deposition are -secondary events, oc- 
curring after something else kills the cells 
and the membranes degenerate, releasing 
APP as they deteriorate. That, of course, is 
what the other camp has been saying all 
along. 

&d that camp has been quick to raise 
other possible causes of the abnormalities 
seen in Alzheimer's brains. For example, 
they suggest that the processing of the mi- 
crotubules that give nerve cells their struc- 
ture rmght be defective. One recent indica- 
tion of the possible importance of microtu- 
bules comes h m  Kenneth Kosik and his 
colleagues at Harvard Medical School, who 
have found that inhibiting the synthesis of 
the tau protein (which helps to s t a b ' i  
mimtubules) produces changes in cultured 
nerve cells resembling those seen in Alz- - 
heimer's disease. 

But the dehdem of p-amyloid aren't by 
anymeansthrowinginthetowd.Onereason 
is that the findings on how APP is dipped 
don't come from cells in intact brains, but 
h cuItmd nerve cells and platelets. Price 
points out that no one yet knows whether 
~ ~ i s n o r m a l l y ~ t h e s a m e w a ~ b y  
brain neurons. And even if it is, there's always 
the possibility that Alzheimer's neurons have a 
ddba that results in aberrant APP cleavage 
and p-amyloid release. 

Moreover, recent work has begun to sug- 
gest a normal function for APP in the 

nervous system, and it is compatible with 
the idea that abnormal APP processing 
might lead to neuronal degeneration. For 
example, Edward Koo and Sangram Sisodia 
in Price's group find that the protein is 
rapidly transported h m  the cell body, 
where it's made, down to the end of the 
axon. "It seems to be a protein destined for 
axons and nerve terminals," Price says. "It 
may play an important role in n m n a l  
co~ecti0Il.S." 

If that is the case, then abnormal APP 
processing might lead to a severing of the 
connections, either directly by int- 
with the protein's function or indirectly by 
leading to p-amyloid deposition in the space 
between neurons, physically blocking their 
interaction. And because nerve cells appar- 
ently need to maintain active connections to 
survive, the result could be axonal degenera- 
tion like that seen in Alzheimer's brains. 

In light of those results, the question 

Dahlem organizer Donald Price has seen a 
major shifi in emphasis in Alzheimer's disease 
research in the past few years. 

becomes: How might abnormal APP pro- 
cessing take place? And while there are no 
answers yet, the Dahlern participants could 
at least point to a couple of lines of investi- 
gation worth pursuing. They were particu- 
larly intrigued, for example, by new results 
from the groups of Paul Greengard at 
Rockefkller University and Unterbeck at 
Molecular Therapeutics, Inc., in West Ha- 
ven, Connecticut. These mearchers have 
evidence suggesting that addition of a phos- 
phate group to membrane-bound APP by 
protein kinase C, one of the dl's major 
regulatory enzymes, stimulates the cellular 
uptake of the protein and its subsequent 
degradation. 

Two of the fragments that are produced 
in this way are big enough to contain the 

entire p-amyloid sequence. If those fkg- 
mem actually do contain the p-amyloid 
sequence, they would have the potential of 
contributing to plaque formation and the 
protein kinase C system would then be a 
likely place to look fbr a defm that could 
lead to abnormal APP pnxessing and p- 
amyloid deposition. 

Another possibility is that the protease 
that normally forms stcrmd APP somehow 
goes astray and cuts incomctly, leading to 
p-amyloid deposition. There are indications 
that incorrect cleavage of APP can cause this 
to happen, although how isn't clear. The 
evidence comes h m  studies of people with 
a care, hereditary fbrm of cerebral hemor- 
rhage that is apparently caused by f3-amyloid 
accumulation around blood vessels in the 
brain. 

Genetic studies by C. Van Bnxckhoven 
of the University of Antwerp and his col- 
leagues strongly point to the APP gene as 
the one at hult in the disease, and Efiat 
Levy and Blas Frangione of New York 
University Medical Center and their col- 
leagues have found that patients who have 
the condition have a mutation in their APP 
gene that changes one amino acid in the p- 
amyI'oid region. The change occurs near the 
site where the APP molecule is normally 
cleaved, and the supposition is that this 
interferes with its processing and somehow 
kads to p-amyloid deposition. Although 
how that might occur st i l l  remains to be 
demonstrated, the Dahlem participants sug- 
gested that the cell proteases should be 
examined to see if they conmbute in any 
way to p-amyloid deposition and Alz- 
hehner's pathology. 

Clearly, a number of different lines of 
mearch are now needed, along with better 
animal models for the disease (see box on 
page 985). But for the moment, the focus of 
research seems to have come squarely to 
bear on one molecule: p-amyloid. Sorting 
out the role of that mokcule in the disease 
would represent a turning point, but it 
might not unlock the puzzle of the syn- 
drome. As Anita Hardy, a neurogeneticist at 
London's Institute of Neurology, who 
summed up the discussion at the end ofthe 
meeting, said: "Although major advances 
have been made, solving Alzheimer's is not 
around the corner." 8 JEANMARX 
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