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T
he image is clear in my mind.
A hunting hound stands on his
hindquarters with his forepaws
on the trunk of a sturdy tree.
He bays loudly, staring up

where he’s chased his quarry. Despite a
good chase, and a whole lot of commo-
tion, there’s a problem. The object of his
enthusiasm isn’t there. He’s barking up
the wrong tree. Sometimes I worry that
we might be in the same situation as we
search for the cause of—and treatments
for—sporadic, late-life, Alzheimer’s dis-
ease.

I was reminded of the wrong-tree
possibility by a February 2006 article
reporting the results of a β-secretase
inhibitor in patients with AD.1 Since β-
secretase inhibition is one of the hot
topics in AD drug development these
days, I eagerly turned to find the results
as soon as I saw the article’s title in the
table of contents. I was disappointed.
The report did not focus on what hap-
pened to the patients’ symptoms (except
that the drug appeared fairly well-toler-
ated), but rather reported treatment
effects on blood and CSF levels of the
amyloid beta (Aβ) peptide. 

I had to ask myself, is this the right
tree? You see, neither blood nor CSF
amyloid levels have been clearly linked
to the clinical severity of AD. So what
does it mean for the future of AD thera-
peutics that the agent dropped blood
levels of one form of Aβ, but had no
effect on CSF Aβ concentrations? I’ll
posit that nobody really knows, high-
lighting some key gaps in our knowledge
about the relationship of amyloid and
AD.

The Mouse That Roared
I don’t think anyone questions the evi-
dence linking neuritic amyloid plaques
and neurofibrillary tangles with the
pathological diagnosis of AD. That
observation dates back to Alzheimer
himself exactly 100 years ago. Things get
murky pretty quickly as we pass beyond
that level of consensus. The rest of the
amyloid story begins about 20 years ago
when the Aβ peptide was identified as
the primary constituent of the
Alzheimer plaque. That recognition
opened the flood gates for the amyloid
hypothesis, as the responsible gene was
cloned, localized to chromosome 21,
and tied to familial, early onset AD over
the course of only five years or so.
Subsequently, genes responsible for the
enzymes that generate Aβ from the amy-
loid precursor protein (APP) were local-
ized, identified, cloned and linked to
other kindreds with autosomal domi-
nant AD. 

Based on those findings, several
transgenic animal models have been
developed. They provided us new
opportunities to understand the impact
of amyloid mismetabolism on the brain.
These animal models also allowed, for
the first time, practical preclinical assess-
ment of drugs that might fundamentally
alter the course of AD—and maybe even
cure it. This was brought to the fore
with the dramatic announcement in
1999 that a “vaccine” had “cured” AD in
animals. Of course, the scientists report-
ing the findings2 didn’t use those words,
but the headlines and quick response of
the AD community would soon make
nearly everyone think that they had.

Those findings were real and valid, if not
a little unexpected. However, the over-
whelming reaction of the media, as well
as academics, investors and pharmaceu-
tical developers, suggested that the
shortcomings of the model were either
not fully appreciated or got lost in the
groundswell of euphoria over finding
The Cure. 

I think it’s important to note that
those “cured” animals did not have AD.
They had a manipulated genome, based
on observations from autosomal domi-
nant AD, which caused them to over-
produce huge amounts of human Aβ.
Where were the tangles? Missing. What
about the regionally specific neuronal
loss that characterizes human AD?
Missing, or at least very hard to find.
(I’ve done cell counts in affected areas of
human AD brains. Trust me, AD-related
neuronal loss isn’t hard to find). Oh, and
how about the dementia—you know,
the symptoms that humans with AD
pathology experience? Although some
cognitive changes are detectable in the
animals, they don’t seem to get progres-
sive mouse dementia (whatever that
might look like). Now, by no means do
I wish to discount the marvelous creativ-
ity, admirable perseverance, and techni-
cal prowess of the researchers who’ve cre-
ated these models. The development of
transgenic animal models is rightfully
acknowledged as a remarkable achieve-
ment, and it has significantly advanced
our understanding of Aβ in AD. I just
think we need to be careful in generaliz-
ing the results and then using those gen-
eralizations to guide our expectations for
patients.
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Cause or Correlation?
At the surface, the amyloid hypothesis
looks both parsimonious and robust. We
know that people dying of AD have too
much Aβ in the brain. (Of course, that
observation includes an intrinsic tautol-
ogy because our definition of AD
requires Aβ plaque burden to be evident
on histopathologic exam). In vitro mod-
els show us that too much Aβ is toxic to
neurons through both direct and indi-
rect modes. People who have autosomal
dominantly inherited genetic defects
that involve APP or its
proteolysis have nearly
100 percent penetrant
expression of AD. Nearly
all people with Down syn-
drome, who get three
copies of APP and there-
fore overproduce Aβ,
express AD pathology by
age 40. The plaques from
animal models that pro-
duce too much Aβ look a
lot like human AD
plaques. But there’s a
problem with carrying these generaliza-
tions too far. 

Mutations affecting Aβ metabolism
clearly cause AD. Despite the ‘C’ I
earned in my college course in logic,
even I know that this does not mean that
all AD must result from problems in Aβ
processing. The Aβ story may simply
identify just one place to enter the path-
way. The parallels: ALS causes motor
neuron loss; not all motor neuron loss
comes from ALS. There are genetic
forms of Parkinson’s disease; there are
also clear-cut environmental causes of
PD. Why can’t the same be true of AD? 

Certainly there have been numerous
alternative proposals to the amyloid
hypothesis, and the debate among the
proponents of various alternatives has
ranged from scholarly and productive to
plain old nasty. Hopefully with tongue
at least partly in cheek, staunch Aβ
advocates have been called “the church

of the holy amyloid.”3 Still, the amyloid
hypothesis has proved robust and agile
in light of much of the criticism, adapt-
ing (as any good hypothesis should) as
new data emerge to challenge its
assumptions. No other single competing
hypothesis has generated meaningful
consensus or animal models as close to
mimicking AD pathology as the surro-
gates based on the amyloid hypothesis. 

Still, I wonder. Should assumptions
based on observations from no more
than two percent of all AD (i.e., the

autosomal dominant
familial cases), have such
a prominent role, espe-
cially when it comes to
drug development?
Several years ago, when
these questions were
raised in a special section
of Neurobiology of Aging,
the consensus appeared
to be: “Let’s see what
happens with the anti-
amyloid trials. If the
amyloid lowering agents

work, then we’ll know that amyloid is
important to the expression or progres-
sion of the disease.”4

While settling a debate by examining
treatment response is not particularly
satisfying from the scholarly perspective,
it does mean that if modifying Aβ turns
out to be important, then our patients
will get the earliest possible chance to
experience the benefit. Unfortunately, if
the gamble proves wrong, we will have
lost a whole lot of time in the race
against the looming the public health
burden of AD. Furthermore, the
resources the research community has
expended on developing and under-
standing the amyloid hypothesis will
look less well spent. That may be crucial
as federal funding for basic research is
expected to decline considerably. 

Of course, we may be able to eat our
cake and have it, too. The amyloid
hypothesis doesn’t need to be completely

right for anti-amyloid drugs to work.
After all, we don’t really know the cause
of essential hypertension and drugs of a
half-dozen or so different mechanisms of
action all seem to help. Even if it is not
the primary pathogenic cause of AD, if
Aβ toxicity contributes to progression of
the disease then we may be able to blunt
worsening. We just won’t have that
definitive intervention we’d all like to
see. A negative trial may hold informa-
tion for us too, especially if the genetics
of sporadic AD are as heterogeneous as
those for hypertension. A good example
emerged from recent trial of rosiglita-
zone in AD (based on a non-amyloid
hypothesis) which showed that patients
with different Apolipoprotein E geno-
types responded differentially to treat-
ment.5

So to my eye, the position of the
research community in reference to the
amyloid hypothesis in AD looks like
this: it’s been a good chase. There have
been a few obstacles and diversions, but
it has brought us repeatedly back to the
amyloid hypothesis tree. Right now
we’ve got our paws on that trunk and
we’re making quite a commotion there,
but we need to be very aware of the
necessity to keep our eyes on the other
trees in the forest. PN
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