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Abstract

We discuss the possible utility of statistical physics in elucidating some of the puzzling phe-
nomena that seem to occur in the brains of patients affected with Alzheimer's disease. Further,
we report three specific results from this approach: (i) The size distribution of senile plaques
appears to be log-normal, (i1) We develop a model for growth of senile plaques that is charac-
terized by both aggregation and disaggregation, and (iii) We quantify neuron architecture and
find quantitative evidence for the existence of microcolumns positioned at right angles to the
known lamina. © 1998 Published by Elsevier Science B.V. All rights reserved.

1. Introduction

The challenge of biology for those of us who work in statistical physics is that
biology has no metronome in time and no evident architecture — crystalline or oth-
erwise. As if by magic, out of randomness we find remarkably fine-tuned biological
processes in time and biological forms and structures in space. To understand this
“miracle”, we should put aside the human tendency (almost universal, it seems) to see
the universe as a machine. Our task is to find out how, through pure (albeit, as we
shall see, strongly correlated) randomness, we can arrive at the structures in biology
we all know exist.

My talk today is not about biology in general, but about one specific and very terrible
disease. I am assuming that not everyone in this room is familiar with Alzheimer’s dis-
ease and so 1 will organize this presentation around three basic and obvious
questions: (i) What is the puzzle or problem? (ii) Why do we physicists care? and
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(111) What do we actually do? The “we” in that last question includes not only my
collaborators who kindly consented to allow their names to appear on this talk, but
also many others working in this vast field.

2. What is the problem?

The first question — “What is Alzheimer’s disease?” — presents a special problem:
unlike many diseases (e.g., heart disease, stroke, cancer), we don’t even know what
the disease is! The operational answer to the problem is that the disease is a killer.

Contrary to what many think, if we make a graph of the probability that a person
will die as a function of the time after diagnosis, it will monotonically increase but
not rapidly approach one. It is an S-shaped curve that shows that the probability of
our dying of AD before age 60 is about 10%. Between ages 60 and 80 this rises very
rapidly to 50%. Many of us choose to do science that funding agencies are interested
in. It goes without saying that many who donate funds are in that 60 to 80 age group,
and presumably are quite interested!

In fact, the actual death of a person from this disease often comes about simply
because of the inability of caregivers to continue to give adequate care, and this is the
case because the decay of mental activity from the disease is very rapid.

In contrast to other killer diseases, AD is very debilitating. You can teach until the
moment of your heart attack or stroke. It’s a common joke that that’s the way we
want to go — because we’ll be ourselves until the very last moment, Even in the case
of cancer this is often true. Richard Feynman continued to teach until just before he
died. In contrast, Alzheimer patients have ten, even fifteen years during which time
they progressively lose their functions. We all know people who have suffered in this
way. Edward Purcell, one of my professors in graduate school, passed away a few
days ago from this awful disease. Ronald Reagan continues to suffer.

3. Why do we statistical physicists care?

The second question — why do we physicists care? The scientific answer is that this
new phenomenon contains some interesting physics. That may sound absurd, probably
the same as when someone in the early days of polymer science — a very “dirty” science
— said that /r contained some interesting physics. To look for interesting physics in a
more or less mundane and “dirty” phenomenon takes a certain amount of optimism!
And, of course, many who have looked for interesting physics in such places have
failed to find it.

As we shall see in the next section, AD is associated with clustering of aggregates
in the brain. To understand how these aggregates are generated may help to understand
the origin of the disease, Since aggregation models are part of statistical physics, we
will apply statistical physics to study these aggregates.

































