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T
o paraphrase a well-known
movie quotation, “It’s baaa-
aack!” While I’m not referring
to household ghosts, my topic
does seem to possess an other-

worldly power over the dementia com-
munity. That topic is “The Alzheimer
Vaccine.” A recent resurgence of interest
in vaccination therapy for AD can be
attributed to several papers that ap-
peared in Neurology earlier this year,1-3

reporting long-term results of an immu-
nization trial for AD. You may recall
that this trial was terminated because of
serious safety concerns, namely
encephalitis, in a minority of subjects.4

That the partial results of a failed
clinical trial continue to generate con-
siderable interest is principally a reflec-
tion of the great frustration among
patients and practitioners over the short-
comings of current treatments for
Alzheimer’s disease. Disappointment
about the efficacy of drug treatments for
AD has been a common theme since
acetylcholinesterase inhibitors first came
out more than a decade ago. We’ve all
wanted something more powerful,
something to fix what’s broken and
bring those affected by the disease back
from their inexorable one-way trip to
disability and death. Even if functional
restoration isn’t possible, we’d be satis-
fied with a therapy that slows or halts
the degenerative process. Neither is
forthcoming any time soon.

In that context, it’s obvious why such
attention has been paid to the Alz-
heimer’s vaccine since the first reports of
immunotherapy’s effectiveness appeared
in Nature during the summer of 1999.5

The allure of the quick fix was almost
overpowering. Within a week of that
first report—and following a deluge of
media hyperbole—we had patients
(well, families actually) calling my office
to schedule their appointments for the
vaccine therapy, as if the treatment’s
imminent release was a fait accompli.

As you probably know, the Nature
paper dealt exclusively with mice that
had been genetically engineered to over-
produce a specific mutant human amy-
loid. When injected with synthetic amy-
loid peptide (A_42) along with potent
immune adjuvants these mice (seven of
nine of them, at least) developed essen-
tially no amyloid plaques, while control
animals had a plaque burden typical of
that strain of mouse. In a second experi-
ment, the amyloid peptide was injected
into animals at ages when they were
expected to bear significant pathological
amyloid burden. Once again, those ani-
mals demonstrated less amyloid than
controls several months later, implying
that amyloid inoculation led to actual
clearance of plaque from the brain.
Elation, and not an insignificant
amount of stock market trading, ensued.
Alzheimer’s had been cured in the labo-
ratory. Where do we sign up?

Six years have passed since that semi-
nal paper was published. There’s still no
sign-up sheet for patients, except for a
few small clinical trials enrolling careful-
ly-selected subjects. Why might that be?
There are many reasons, chief among
them the fact that drug development is
very costly and time consuming.
Frankly, development of immunothera-
py for AD in humans is probably not

very far behind schedule, if at all. Still,
there are very real reasons to be cautious
in thinking through this issue and its
implications for laboratory approaches
to AD as a whole. 

Of Mice and Men
Research in AD was largely restricted to
human pathological material until the
mid-1990s. Around that time, genetic
engineering techniques matured to the
point that a living mouse could be
induced to reliably produce human
amyloid-beta protein. These transgenic
animals produced huge amounts of
amyloid, enough to accumulate plaques
within the very short life span of a
mouse, as opposed to over the course of
decades in humans. This was a genuine
boon to the molecular biology of AD,
one that spawned an explosive growth in
our understanding of amyloid and its
processing, management and deposition
in the brain. 

Finally, the AD research community
had a useful animal model. Model is the
crucial word here. A model is a represen-
tation. It is something that resembles the
real thing, but is not identical to it. So,
transgenic mice are potent research tools
for AD, but they don’t have AD. When
examined in more detail, they abun-
dantly overproduce amyloid but most
strains don’t develop significant num-
bers of neurofibrillary tangles. (It takes
additional genetic engineering to make
them form tangles). While they have
some memory deficits, it would be very
hard to say that they have a cognitive
pattern that looks like AD in humans.
Furthermore, when it comes to im-
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munotherapy, they are still mice, with
nice healthy, strain-specific, young-
mouse immune systems, which are pret-
ty different from the heterogeneous,
well-used, old-human immune systems
in folks with AD. So when transgenic
mice were immunized with human amy-
loid and they cleared the plaques, it sug-
gested that there was a phenomenon
worth studying but it was no guarantee
of duplicating that success in humans
with the real disease.

There’s a second problem with gener-
alizing from the mouse models to the
human population with AD. The mod-
els assume that amyloid is at the root of
AD. This is a valid assumption for those
rare forms of autosomal-dominant,
early-onset AD, but the links to sporadic
AD are much more tenuous. The early-
onset heritable forms account for fewer
than five percent of all cases of AD, but
drive a large majority of the current
research on therapeutics for the disease.
In the sporadic forms of the illness that
we all see in the office, support for the
amyloid hypothesis is much less robust.
In fact, for those folks, we just don’t
know if (a) too much amyloid makes
neurons sick, (b) sick neurons make too
much amyloid, (c) neither, or (d) both. 

Therefore, although immunotherapy
can clear amyloid from the transgenic
mouse brain, we can make very few
assumptions as to whether that will alter
the symptomatic course of sporadic,
late-onset AD. And, since we don’t fully
understand the normal function of the
amyloid-beta peptide in humans, we
can’t be assured that clearing it from the
body with immunotherapy won’t lead to
unanticipated long-term toxicities. A
mouse that makes too much human
amyloid, and which lives for only a few
years, can’t answer the question of treat-
ment toxicity in a late-life human illness
that often lasts for a decade or more (see
encephalitis, above).

Those complications aside, I’m not
convinced that inducing or administer-

ing antibodies to take amyloid out of
plaques or plasma will have much
impact on the symptoms of the disease.
With appropriate caveats about insuffi-
cient statistical power and an incomplete
course of treatment fully in mind, the
results of vaccine trial showed no mean-
ingful efficacy on cognitive outcomes.2

That’s not a surprise to me. From the
behavioral neurologic perspective, the
crucial event in generating AD’s symp-
toms is the loss of synapses, or at least
the loss of normal synaptic function. If
the plaque and the accompanying
inflammation change synaptic architec-
ture or function, getting rid of the
clumped amyloid would only be a first
step toward recovery. The affected neu-
rons would then need to restore the
functional architecture lost to the dis-
ease. While theoretically possible over
the very small spatial scale of local
synapses, we know that any dead neu-
rons are unlikely to be replaced. One
analogy is intraparenchymal cerebral
hemorrhage. Even after the extravasated
blood is cleared by normal physiologic
mechanisms, the synaptic disruptions
and dysfunction caused by hemorrhagic
injury are left behind.

On Pins and Needles
So, where does that leave us in vaccine
development for AD? The work is still,
appropriately, going great guns. Clinical
development of the initial vaccine, AN-
1792, was discontinued in favor of mon-
oclonal antibodies. Several other true
vaccines remain in development, with
variations in the inoculum designed to
prevent or further reduce the risk of
encephalitic complications. 

For those still expecting a quick fix,
however, there is probably disappoint-
ment on the horizon. If the preliminary
evidence—and my best guess—are right,
removing amyloid from the brain or
clearing toxic soluble forms of the pep-
tide from the blood won’t relieve existing
symptoms very much, and we will still

be left with an incomplete therapy.
Immunotherapy might alleviate progres-
sion of the disease, but we still don’t
know enough about risks or benefits to
ensure that it will be clinically useful.
Think about MS for a moment: we have
a range of immunotherapies, all are
effective in trials, some are more toxic
than others, and we’d all like something
better to offer our patients. The picture
for AD today is quite similar, except that
our existing therapies are not immuno-
modulatory. At least they cost a whole
lot less.

I believe the future of immunothera-
py for AD lies where the name “vaccine”
suggests—as a true prevention. That
means it will probably need to be cheap
(monoclonals need not apply), robustly
effective (but not forever; even a 10-year
delay in onset of AD would be a very
good thing), and safe over its effective
life (short-term trials won’t be able to
answer this question, only long-term
experience will). As a society, we’re going
to need to decide what level of cost and
risk is acceptable, and for whom.
Speaking as a clinical researcher, I can
say that testing these questions is going
to continue to be exciting, and perhaps
somewhat scary, just like the poltergeists
in the movies. PN
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