


After two weeks in 
culture, the single 
isolated progenitor 
cell shown on page 
27 had differentiated 
here into dozens 
of neurons (stained 
green, with long 
fibrous processes) 
and hundreds of glial 
cells (stained orange). 
Grafts of such cells 
hold great promise for 
replacing nerves that 
have died because of 
Alzheimer's disease or 
other neurodegenera· 
tive diseases. 

Alzheimer's Disease: 
Causes and Effects 

The following article is condensed and adapted from 
a forum sponsored by Caltech and the Pasadena Star
News, in cooperation with the Los Angeles chapter of 
the Alzheimer's AJJociation. Held on May 31 in a 
packed Beckman Auditorium, the forum sought to 
explore the current status of reJearch on this mind
crippling disease and the therapeutic promise that that 
research holds for the future. In his welcoming remarks 
Caltech President Thomas E. Everhart noted that "the 
more we learn about Alzheimer's disease, the better we 
can fight it." He also expressed his delight in the full 
house. "It demonstrates the fact that people are 
interested not only in this disease but in scientific 
research and h(JUJ it relates to their lives. At a time 
when basic research is facing extraordinary pressures! it 
is heartening to see so many people attending a program 
based on science and its consequences for httman health. " 

The program was moderated by physician and 
journalist Winnie King! and! in addition to the five 
scientists whose talks are published here! also featttred 
TV actress Shelley Fabares! who spoke on family and 
social issues sttrrozmding Alzheimer's disease. Fabares 
spoke of her personal experience as a caregiver for her 
mother! dimming the progression of the disease! the 
caregiver!s feeling of impotence in the face of its advance, 
and the overload and isolation that strain the families 
of Alzheimer!s victims. Fabares found help in the 
Alzheimer!s Association and has since become a 
spokesperson and a member of its national board 
directorJ. She decried the "crippling ignorance" that 
infects our society with regard to a disease that she said 
is recognized as the fourth leading cause of death in this 
country. The number of people with Alzheimer's disease 
in the United States is expected to reach 9 million by 
early in the next century. Fabares also spoke Ottt in 

I think we have 
the genetic tools 
and the instru
mental tools to 
understand the 
fundamental 
basis of Alz
heimer's disease. 

favor of a long-term health-care policy and 
ful health-care reform. ! .• She hoped that 
will enlighten the world about the nature and extent of 
Alzheimer!s disease . . ! 

A videotape of the entire forum proceedings (1 hrJUr! 
51 minutes) is az;ailable from Caltah's Office of Pitblic 
Events (Mail Code 332-92! Pasadena! CA 9] 725) 
for $39.95. 

Caleb Finch 
ARCO and William F. Kieschnick Professor in 
the Neurobiology of Aging, and University 
Professor, University of Southern California 

Alzheimer's disease is a very specific kind of 
dementia that is linked in still mysterious ways 
ro the aging process. Its most widely known 
characteristic is an impairment of recent memory 
and a progressive, slow, inexorable course that 
deprives the brain of its resources of wisdom and 
capacity for reasoning. Alzheimer's is not ro be 
confused with vascular conditions that can cause 
another kind of dementia through strokes. In the 
dementias common in aging, certain types of 
neurons shrink and die. Even so, many neurons 
in the brain of someone with deep dementia still 
seem ro function quite normally. A major feature 
of these dementias is that the incidence increases 
progressively during aging, particularly after 65 
years of age. 

Senile dementias, including Alzheimer's, are 
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relatively rare before the age of 50. Parkinsonism 
is another disease whose incidence increases 
steeply with age; there seems to be no safe age 
at which one is protected if one hasn't already 
developed the condition so far. In COlltra<;r, rwo 
other diseases that affecc the nervous system do 
have safe ages where you are secure from the 
threat of [he disease. One is Huntington 's dis
ease, which is the result of a si ngle gene with a 
dominant effect; the other is the set of diseases 
called schizophrenias, which may also have a 
genetic origin, but with strong effects from 
interaction with the environment. Part of the 
mystery of these diseases is how one can have 
inherited a gene at birth that waits so long befote 
it 's expressed in its damaging forms. In the case 
of Alzheimer's d isease, there are mult iple genetic 
influences that increase the risk- some of them 
inevitably, some of them only as risk factors . 

One of the major pathological characceristics 
of the brains of Alzheimer's patients is the senile 
plaque, (l microscopic assemblage of protei ns 
about a hundredth of an inch in diameter. It 's 
found in the vicinity of dying neurons, but there 
are often other cells in the neighborhood that are 
quite healthy and active. These are called glial 
cell" from the Greek word for glue, and they 
include two rypes: astrocytes and microglia. 
The distribution of senile plaques is heaviest 
in the parts of rhe brain that are concerned with 
learning and memory, and the selectivity with 
which these regions seem to be targeted must 
in some way be related to the gene activity that 
determines the particular characteristics of the 
nerve and glial cells in those areas . 

The first protein to be identified with the 
sen ile plaque is one called beta amyloid. Now, 
here is a paradox: each of us has, from birth 
onwards, in all of our body fluids, traces of this 
beta-amyloid protein that seem to do us no harm. 
But somehow in the disease process it aggregates 
to form these masses [hat appear to be toxic to 

neurons. Although i[ has become the best known 
of these proteins, amyloid isn't alone in the 
disease process; there 's a long list of other pro
teins and factors in the brain that are aggregated 
along with [he amyloid in the senile plaques. 
Some of these are molecules that act like hor
mones or growth factors that can influence the 
survival of neurons; others ate components of 
the inflammatory system that troubles our joinrs 
with age. A great deal of effort is now under way 
to understand how these molecules get together 
and how chey influence the toxicity of amyloid. 

We can make amyloid fibrils aggregate in 
a test tube wi th the same effect as found in the 
senile plaque. My laboratory is studying another 
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Atomic force micros· 
copy images show 
two proteins found in 
the senile plaques of 
Alzheimer's disease 
brains. In this experi. 
ment, chemically 
synthesized, pure 
beta amyloid aggre· 
gated by itself (top) or 
was aggregated in the 
presence of the pro· 
tein clusterin (bot
tom). Clusterin 
considerably modifies 
the extended fila· 
ments of beta amy· 
loid, increasing its 
harmful effects. 
From Oda et aI., 
Exp. Neural., in press. 

one of the molecules in the plaque, clusterin, and 
we have found thac mixing the tWO together in a 
test tube drastically changes the organization of 
the amyloid, and, moreover, increases its harmful 
effects. The focus on amyloid is now leading 
invest igators to consider other molecules that 
interact with it that may modify its toxicicy and 
may suggest an approach to treatmenc. 

The accumulation of amyloid in aggregated 
form is not unique to humans; it 's a biological 
phenomenon of aging that can be seen in other 
primates and prosimians. The top figure on the 
opposite page indicates che part of che lifespan 
when amyloid begins to accumulate in each of 
several species-humans, chimpanzees, rhesus 
monkeys, and lemurs, the latter with a lifespan 
of only 10 years. It 's clear that even short-lived 
prosimians, which diverged from the rest of our 
lines more than 40 million years ago, also 
accumulate beta amyloid in their brains with 
aging. This may be the molecular equivalent 
of original sin. The scientific puzzle is to under
scand why it aggregates, forms senile plaques, 
and damages nerve cells. 

Besides amyloid aggregation, another change 
found very broadly in the brain during aging is 
the activation of the glial cells . It appears that 
virtually everyone on the face of the earth over 
the age of 50 has astrocyces and microglia that 
are beginning to wake up and look highly active. 
This is a basic part of the aging process that may 
be interrelaced with the onset of Alzheimer's, 
Parkinson's, and other neurodegenerative dis
eases. These kinds of changes afe common to all 
mammals in corresponding portions of the life-



Right: Beta amyloid 
accumulates during 
aging in the brains 
of humans and other 
primates. The graph 
shows the age when 
beta amyloid is first 
detected (thick arrow) 
in species with 
different life spans, 
according to their 
positions on hte 
phylogenetic tree. 

Below: The horizontal 
bars indicate the 
occurrance of chang. 
es during normal 
aging in four mam· 
mals with different life 
spans: rat (3 years), 
dog (15 years) rhesus 
monkey (30 years), 
and human (80 years). 
Note that rats do not 
accumulate beta 
amyloid but do show 
most other changes. 
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span. The graph at left below shows that 
the same general processes of neuron atrophy, 
deposits of amyloid, and increased activity of the 
glial cells is a broad phenomenon during brain 
aging in mammals that may precede clinical 
signs of disease. 

Studies of the genetics of Alzheimer's disease 
have located genes on at least four different 
chromosomes. This genetic diversity might 
ultimately serve as a basis for recognizing which 
individuals are at risk for the onset of Alzheimer's 
at a certain age, and which individuals might be 
treated preventively. As we learn more about the 
disease, researchers may discover pharmaceutical 
approaches to Alzheimer's based on the particular 
mutations and genes that one carries. Other 
therapeutic targets include devising drugs to 
influence amyloid metabolism, to modify senile 
plague, and to replace neurotransmitters that are 
lost as nerve cells degenerate. It's a broad field, 
and the problems are very complicated. We 
don't expect it to be resolved in a few years. I 
think that Alzheimer's research is in the same 
position that cancer research was in about 40 
years ago, when one or two forms of cancer could 
be treated. 

I'll close with an optimistic statement: I think 
we have the genetic tools and the instrumental 
tools to understand the fundamental basis of 
Alzheimer's disease. If a person born with a 
gene for Alzheimer's lives 70 years without any 
symptoms, it should be possible to suppress that 
gene's bad effects for the rest of his normal life 
span. And in the foreseeable future, assuming 
that reasonable funding is available, much 
progress will be made. 

Caleb Finch received his BS ( 1961) from Yelle and 
PhD in cell biology from Rockefeller Unit)erJity 
(1969). He has been a member of the fawlty at the 
University afSouthern California since 1972, as 
professor of gerontology and biologicctl sciences since 
1978, as the ARca and William F. KieJChnick 
Professor in the Neurobiology of Aging since 1985, 
and as UniverJity Professor since 1989. 
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Above left: Neurons, 
which can be thought 
of as having a talking 
end (left) and a listen
ing end (right), com
municate at junctions 
called synapses. 
There the talking cell 
releases a chemical 
signal (yellow) across 
the synaptic cleft, 
which stimulates an 
electrical signal (pink) 
in the listening cell, 
which then '~alks" to 
the next neuron down 
the line. 
Above right: One of 
the brain's memory
storage sites is the 
hippocampus, named 
for its seahorse shape 
and located in the 
temporal lobe at the 
base of the brain. 

Erin Sch.aman 
Assistant Professor of Biology, Caltech 

One strategy to anleliorate the memory loss 
associated with Alzheimer's disease is to study 
the fundamental mechanisms that control how 
and where memories are formed in the brain. 
We have approximately 10 11 neurons in the 
brain, and even though they come in various 
sizes and shapes, they' re all dedicated to a com
mon function, which is ro communicate with 
one another. Networks of these interconnected 
neurons underlie every aspect of our behavior, 
from the simptest reflex to complicated emotions, 
thoughts, and learni ng and memory. 

We can th ink of an individual neuron as a 
factory with a receiving end and a shipping end. 
Neurons communicate by sending signals from 
one cell's sh ipping end to another cell's receiving 
end. O r you can th ink of one cell as the talking 
cell and the other as the Listening cell; rhey 
connect in the synapse. The language of these 
cells is a combination of electricity and chemis
try. When the talking cell receives a signal, it 
releases a chemical, a neurotransmitter, which 
travels across a small space called the synapt ic 
cleft co interacc with specialized receptors in the 
listening cell . T hese receptors trigger an elenri
cal impulse that travels through the listening cell 
to its shipping end, which chen releases a neu
rotransmitter and thus becomes a calk ing cell to 

the next neuron in the chai n. An average neuron 
forms about 1,000 synaptic connections. 

The brain is organized into different function
al units, beginn ing with the units that encode 
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sensory information-i ncluding the visual, 
auditory, and olf.:'lCtory areas. Then there are 
other so-called higher-order areas of the brain 
that arc dedicated to processing information and 
handle emoeions, reasoning, language, learning, 
and memory. One brain area important for 
memory {ormation is the hippocampus, which 
lies in the temporal lobe and receives a lor of 
higher-order processed information, including 
information from every primary sensory unit. 
This is a nice feature for a memory-smrage site 
because memories are multi-sensory experiences. 
It 's interesting [Q noce that the hippocampus is 
one of the major brain areas that's damaged by 
the senile plaq ues and tang les of Alzheimer's 
disease. Thus, it's reasonable [Q work with the 
hypothesis thar damage [Q the hippocampus is 
responsible for the memory loss associated with 
the disease. How do we know that the hippo
campus is involved in memory formation and 
storage? Neuroscientists have studied epileptic 
pat ients who have had regions of the hippocam
pus surgically removed [Q Stop the spread of 
epileptic seizures. These patients may seem 
normal in all other ways, but they cannot store 
any memories and have no notion of what 
happened [0 minures ago. 

Scientisrs can also deliberately create lesions in 
the h ippocampi of experimental animals and then 
see how these animals perform in tests of learning 
and memory. One popular memory test is the 
Morris water maL:e, which consists of a tank fdied 
with an opaque liquid, with a small platform 
submerged a couple of inches below the surface. 
A rat or mouse placed in the tank can't see the 



Our ultimate goal 
is to achieve an 
understanding of 
ali the molecules, 
proteins, and 
genes that are in
volved in memory 
formation, be
cause that's where 
we're going to 
find the clues to 
solving such prob
lems as memory 
loss, 

Memories are formed 
by changing the 
strength or the 
number of synapses. 
The strength of the 
synapse can be 
incre ased when the 
talking cell sends 
more neurotransmit. 
ter or when the 
listening cell adds 
more receptors. 

platform. Now, although rats and mice are good 
swimmers, they don 't reaJly like swimnling very 
much, so they're highly mo[jvared co find high 
g round. When they 'te fitst placed in the tank, . 
[hey swim around tbe pool randomly until they 
happen to ru n into the platform ancl cl im b lip on 
it. Over subsequent trials , normal animals learn 
f.'1 irl y quickly where the platform is and swim 
right to it; they st ili can't see it but they've 
learned its locat ion relative co cues in rhe room. 
In contrast, an animal that has had lesions created 
in its hippocampus takes far longer to learn the 
task and spends a lot more time swi mming 
around because it can't remember where the 
platform is. 

What is actually changed about rhe properties 
of neurons in the hippocampus or other brain 
areas when we learn and remember something? 
And how can we address this question in the lab? 
Since neurons comm unicate at synapses, what we 
want to do is change the properries of the syn
apses or change the way that in formation flows 
in the brain. There are two basic ways the brain 
can change its synaptic properries. One way to 
increase synaptic communication wou ld be to 

increase the streng th of transm iss ion at a single 
synapse, either by making the talking cell shout 
(send more chem ical transminer) or by having 
the listening cell add more receptors so ir can 
hear bener--sorr of like curning up the gain on a 
hearing aid. The second way to change synapses 
with memory would be simply to add new 
synapses so rhat the calking cell makes more 
physical connections with the listening cell. 

To understand how these changes occur and 

how memory occu rs, we need co understand the 
process at a molecu lar level. We can do this by 
teaching an experimental animal something and 
then looking in its brain and observing what has 
changed about the synapses. When scientists 
have done that, they've seen that usually both of 
these kinds of changes-incre~lsing transmission 
strength and adding synapses---occur. We can 
also take the brain out of the animal and make 
[he changes ourselves, to try to mimic what 
happens when the animal learns something in its 
real environment. In my lab, and in many ochers, 
researchers remove rhe hippocampus from rats 
and then slice it into sections about 0.5 mm 
thick. Even when we sl ice the hippocampus up, 
it maintains its usual properties and the synapses 
behave normally, We can keep the t issue alive 
and record the synaptic activity by stimulating 
the talking cells and recording the size of the 
listening cell's response, which is always the same 
over time if stimu lated in (he same way. If we 
then stimulate the hippocampus in the right way, 
by applying strong st imulation to (he talking 
cells, we can dramatically increase the size of the 
response of the li sten ing cell. This enhanced 
response, which is called long,term potentiation, 
can last for long periods of time. Thus, using this 
technique we can study memory formation in a 
reduced siwation where we have molecular 
control over (he individual ceUs and synapses. 

Our ultimate goal, however, is to achieve an 
understanding of all the molecules, proteins, and 
genes that are involved in memory formation, 
because that's where we're going to find the clues 
to solving such problems as 111emory loss. We 
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Above left: Meuro· 
trophic factors, which 
promote the growth 
and survival of devel
oping neurons in the 
embryo, also appear 
to increase synaptic 
strength in the adult 
brain. 
Above right: When 
memories are formed, 
the talking cell (here 
on top) releases its 
neurotransmitter, 
which activates a 
calcium receptor in 
the listening cell. 
The calcium then 
activates a bunch 
of enzymes that can 
make the listening 
cell's receptors more 
sensitive, as well as 
prompting the release 
of more neurotrans
mitter. 

know a fair amount about the molecular mecha~ 
nisms oflong~term potentiation. When long~ 
term potenriation is initiated, a certain recepror is 
activated that allows calcium to enter the listen~ 
ing cells. Calcium is a very importanr intracellu~ 
lar messenger that can activate a whole variety of 
enzymes. These calcium-activated enzymes can 
do two things: either change the properties of the 
receptors in the listening cell to make them more 
sensitive to the same amounr of neurotransmitter, 
or generate a signal that travels back to the talk~ 
ing cell telling it to release more neurotransmit
ter. We know that these kinds of cellular evcms 
underlie short-term memory. It's our guess, and 
recent work suggests, that for long-term memo
ries signals are actually transmitted up to the 
nucleus to influence gene expression and change 
the amount and/or kind of proteins expressed. 

The above mechanisms describe changes in 
synaptic strength. Unfortunately, we don't: have 
a similar molecular understanding of how StrLl(
rural changes-that is, changes in synaptic num
ber, the other way memory could be formed
might occur in the adult brain. We can, howev
er, take advantage of a great deal of work that's 
been done on structural changes during brain 
development in the embryo. We know that 
prmeins called neurotrophic facrors promote the 
growth and survival of neurons when the nervous 
system is developing. In this case, the talking 
cell releases the neurotrophic factor, which then 
binds, just like the neurotransmitter, to receptors 
on the listening cell, and then travels to the nu
cleus, where it influences gene expression. We 
hope that the adult nervous system might em-

20 Engineering & Science/Summer 1995 

ploy similar mechanisms ro change the structure 
of synapses. 

It 's quite possible that the same proteins that 
change structure also change synaptic screngtb 
and vice versa. In my laboratory we have deter
mined that these neurotrophic facrors that pro
mote neuron growth and survival can also change 
synaptic strength in the aciult nervous system. In 
the same experiment with the hippocampus slice 
that I described earlier, when we added the 
growth-promoting factor we saw an increase in 
synaptic transmission. This means that the brain 
may actually use the same molecules to increase 
synaptic transmission and to promote growth, 
and shows that the nervous system can use the 
same sets of molecules over and over again to 

form these different kinds of memories. 
Finally, it is our hope, and it's the hope of 

basic science, that if we can achieve an under
standing of the essentials of synaptic transmission 
and how memories are formed normally at the 
molecular level, we will be able to design treat
ment strategies that may be effective in reversing 
the memory loss associated with Alzheimer's and 
other diseases. 

Erin Schuman joined the Caltecb jamlly as assistant 
projeJ.wr of biology in 1990. She earned her BA from 
the Univer.rity of SOli them California in 1985 and her 
PhD from Primdon in 1990. She'.> currently aJohn 
Merck Scholar and an Alfred P. Sloan R"eanh 
Fellow. 
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Right: Plotting the log 
of the prevalence of 
Alzheimer's disease 
against age produces 
a straight line. Ap
proximately 5 percent 
of the population will 
have the disease at 
75; that increases to 
10 percent at age 80. 
If the onset of Alz
heimer's could be 
delayed by only five 
years (dashed line) 
the prevalence of the 
disease would be cut 
in half. 
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Below: Alzheimer's 
is similar to other 
chronic diseases, with 
initiating factors that 
occur well before 
onset, a latent phase 
with no symptoms, 
then a period in which 
subtle changes are 
occurring but are 
difficult to observe. 
When symptoms do 
become obvious, it 
can still be another 
year or two before an 
accurate diagnosis 
can be made. 
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Robert Katzman, MD 
Research Professor of Neurosciences, 
University of California, San Diego 

Although dementia is a complex of symptoms 
that can be caused by more than 70 diseases, 
Alzheimer's disease accounts for between two
thirds and three-fourths of all cases of dementia. 
Criteria published in 1980 by the American 
Psychiatric Association define dementia as 
characterized by loss of intellectual ability of 
sufficient severity to interfere with social or 
occupational function, impairment of memory, 
and impairment of at least one other area of 
cognition in individuals who were alert and 
awake. This definition has enabled us to diag
nose dementia very well-in the case of Alz
heimer's with 85 percent accuracy, which is re
markable considering that there is no specific 
biochemical test for it. Unfortunately, this 
definition does not pick up the early stages of the 
insidious onset of Alzheimer's disease. Family 
members will often disagree by years abour when 
the disease began. 

I believe, as do many others, that Alzheimer's 
can be viewed much like other chronic diseases, 
such as cancer, where there are initiating factors 
that occur well before the actual onset of the 
disease. Recent data suggest that the latent phase 
may last abour 15 years, a phase in which changes 
could perhaps be picked up with neuropsycholog
ical tests but can't be observed clinically. We 
can't make an accurate diagnosis until a year or 
two after clinical symptoms appear, which is 
pretty late in the game. 

When Alois Alzheimer first outlined the 
pathology of this disease in 1907, he described 
the neuritic plaque and the neurofibrillary 
tangles-abnormal nerve cells that are full of 
abnormal fibrils. Although most of the investi
gators today are working on amyloid and the 
plaque, many of the brain cells in Alzheimer's 
disease do have these neurofibrillary tangles, 
which probably contribure to cell death, and we 
now know quite a bit abour their chemistry. A 
protein called tau, which normally helps stabilize 
the micro tubules that are needed for the transport 
of proteins in nerve cells, in Alzheimer's some
how gains many phosphorous groups attached to 
each single molecule. It then separates from the 
microtubule, forms perihelical filaments and then 
neurofibrillary tangles. But we don't know 
whether this tau process is a secondary event or 
a primary one. 

We know quite a bit more about the neuritic 
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Above: Implicated in 
the neurofibrillary 
tangles characteristic 
of the brains of Alz
heimer's patients is 
a protein called tau, 
which normally stabil
izes microtubules that 
transport proteins in 
nerve cells. In Alzhei
mer's disease, the tau 
protein acquires 
phosphorous groups, 
breaks off, and forms 
parahelical filaments 
(PH F), which accumu
late, forming neu
rofibrillary tangles 
(NFT) that cause the 
cell to die. 
Below: The gene for 
apolipoprotein E4 
increases the risk of 
Alzheimer's dramati
cally, particularly if 
the E4 allele is inherit
ed from both parents. 
With E4 from only one 
parent, the risk falls 
off appreciably. Data 
after Corder, et al., 
Science, vol. 261, p. 
922,1993. 

Probability of Developing 
AD by the Age of 85 

(Familial Cases) 

Allele Percentage 

4/4 91.3 

4/3 47.8 

4/2 20.0 

3/3 20.8 

3/2 18.8 

212 < 15 

plaque. The amyloid in rhe ceneer of rhe plaque 
is a breakdown product of the amyloid precursor 
protein , which contains about 700 amino acids . 
The bera amyloid is formed when 42 amino acids 
break off. In studying families with early-onset 
Alzheimer's (patients in their forties and fifties), 
nine different mutatioos have been identified, 
which bracket this particular part of the protein. 
This doesn't represent a large percentage of 
Alzheimer's patients, but it shows that amyloid 
is, in fact, one of the causes of the disease. 

Besides the amyloid gene on chromosome 
21, early-onset cases have been associated with 
another gene, not yet identified, on chromosome 
14. But the filOSt important susceptibility gene, 
located on chromosome 19 and accounting for 
about 30 percent of Alzheimer's cases, is the gene 
for apolipoprotein E4, discovered by a research 
group at Duke University. Apolipoprotein E is a 
low-density cholesterol carrier; it comes in three 
varieties, commonly known as E2, E3, and E4. 
Although only two percene of the general popu
lation has E4 from both parents, this inheritance 
accounts for about 15 to 16 percent of Alz
heimer's patients. And if you only have one E4, 
you're twice as likely to develop Alzheimer's as 
the general population. Apolipoprotein E4 can 
form complex compounds with beta amyloid, 
converting it from a soluble peptide to an insol
uble fiber very quickly. 

Besides discovering the genetic risk factors for 
Alzheimer's disease, recent studies in a variety of 
institutions have turned up some apparent 
protective factors against the disease. Anyone, no 
matter how intelligent, can develop the disorder, 
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Besides discover
ing the genetic 
risk factors for 
Alzheimer's 
disease, recent 
studies in a 
variety of institu
tions have turned 
up some apparent 
protective factors 
against the 
disease. 

but over the aggregate education appears to be 
somehow protective. I was involved in a 1987 
study of 5,000 elderly individuals in Shanghai to 

determine the prevalence of dementia. Since 27 
percent of this group had never been to school at 
all, and , of those, most couldn't read or copy 
simple figures, this created some testing prob
lems. If you haven 't been to school and learned 
to copy when you were a kid, you don' t Start 
doing it when you're asked to do it during a 
dementia survey at age 70. So we adapted the 
tests we usually use in the United States to this 
situation. For example, our memory test used 
actual physical objects that were identified and 
touched and memorized. Because of the problem 
with visual copying, we used the block design 
from the children's intelligence test. We also 
llsed functional tests, bur instead of asking if they 
had any problems balancing their checkbooks, we 
asked if they had problems cashing their pension 
or salary coupons . 

We got very similar results whether we used 
the typical clinical criteria or whether we used a 
diagnosis based almost enti rely on functional 
changes. In the 75 to 84 age group, for example, 
of those who had more than middle-school 
education, 4 percent were demented; of those 
who had no education, 18 percent were dement
ed; those with elementary education were in 
between, at 12 percent. 

A number of studies in such places as Bor
deaux, France, and in North Manhattan have 
found the same kind of phenomena. The North 
Manha"an srudy found thar not only does lack 
of education, defined here as less than eight years 



In the process of 
embryological 
development, many 
neurons (blue) send 
out their nerve fibers 
(green) to contact 
their target cells 
(ye llow). But in this 
normal competitive 
process, many neu
rons don't make it , 
and they die off. 

of school, double the tisk of developing Alz
heimer's-type dementia, but low occupation had 
the same effect. Individuals with both low 
occupation and little education had an almost 
three-fold chance of developing dementia. We 
interpret this to mean that if you're educated, you 
may have a five- to seven-year delay in the onset 
of Alzheimers, and you'll have half the chance of 
someone with no education of developing it at 
all. Since the incidence of Alzheimers doubles 
every five years between the ages of 65 and 85, 
delaying the onset by five years would cut the 
prevalence of the disease in half. The question of 
course arises whether late-life education will help. 
We don't know yet, but it's something worth 
looking at. 

Robert Katzman earned his BS (1949) and MS 
(J 951) from the University of Chicago and his MD 
from Harvard Medical School (J 953), Milch of his 
career was spent at Alhert Einstein Coffege of Medicine, 
where he was chair of nellrology and professor of 
neuroscience. In 1984 he came to San Diego as 
professor of neurosciences and department chair at 
UCSD, Sin" 1994 he has been research professor 
of neurosciences. He has also held appointments as 
attending neurologist at the UCSD Medical Center 
and at the San Diego Veteran's Administration 
Medical Center. 

Paul Patterson 
Professor of Biology, Caltech 

The bottom line on Alzheimer's disease is the 
death of nerve cells. Neuronal death occurs in 
other pathological conditions-Parkinson's 
disease, stroke, and so on-and, in fact, it is a 
pact of notmal embryological development. All 
of us have undergone a massive amount of neu
ronal death as embryos. Many neurons are born 
and send out their nerve fibers, or processes, to 
contact target cells, but only a fraction of those 
nerve cells actually successfully make contact and 
live. The rest of the neurons, from one half to 
two-thirds of them, will die as part of normal 
development. It is as if the neurons are compet
ing with one another in a kind of Darwinian fight 
for survival. What they're competing for, in paft, 
are proteins called trophic factors- from the 
Greek word for nourishment-which are secret
ed by the tatget cells. These tcophic factotS keep 
the neurons alive. 

One family of trophic factors consists of 
pcoteins telated CO nerve gcowth factor (NGF). 
NGF is secreted by particular kinds of targe t 
cells, and it has a certain molecular shape that 
allows it to bind very specifically to receptor pro
teins on the surface of neurons that require it for 
survival. There are many other families of tro
phic factors, each pcoduced by different target 
cells and each acting on different neuronal popu
lations. One type of neuron that responds to and 
requires NGF is the cholinergic neuron, which is 
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Right: Different 
families of trophic 
factors, such as NGF 
(nerve growth factor) 
and LlF (leukemia 
inhibitory factor) are 
secreted by different 
target cells. Each of 
the trophic factors 
has a particular mo
lecular shape that 
allows it to bind speci
fically to receptors on 
the surface of the 
neurons that need 
it to survive. 
Below: After inter
vention with trophic 
faetors, neurons that 
have started to shrivel 
up and lose contact 
with their target cells 
(center) are restored 
and their contacts 
reconnected (bottom). 

Target Cell II 
Target Cell I 

among the most prominent cells that die in 
Alzheimer's disease. 

These findings raise the possibility that we 
could use such trophic factors to interact with the 
specific populations of neurons that die in various 
neurodegenerative diseases. If a neuron starts to 

shrivel up and lose contact with its target cell as 
the disea'ie progresses, we might potentially be 
able to intervene with the appropriate trophic 
factor that could restore this neuron to health, 
allow it to reattach its connections, and thereby 
ameliorate the problems (say, memory loss) that 
its dying was causing . 

One of the challenges in such a scheme is de
livery: How can we deliver trophic factors ro a 
person's brain? The simplest and most direct 
way is ro implant surgically, in the appropriate 
part of the brain, a tube connected to a pump of 
NGF. This is, in fact, actually being tested in 
humans, and extensive animal research is also 
being conducted. Rats are one animal model 
because as they age, they can display deficits at 
certain learning and memory tasks that are 
correlated with a loss of cholinergic neurons, 
as happens in Alzheimer's patients. 

When tissue slices from rat brains are stained 
to reveal cholinergic neurons, the brains of 
healthy, young adult rats show numerous such 
neurons, but the brains of aged rats show very few 
because the neurons have shrunk and disappeared 
as they do in Alzheimer's brains. But in an aged 
rat brain that has been injected with NGF, rhe 
neurons are larger and more numerous. Corre
sponding behavioral tests have shown that in 
many cases the administration ofNGF nm only 
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rescues these neurons from death but promotes 
the ability of these rats ro learn and remember 
new ta"ks. 

There are, as you might imagine, some poten
tial problems with implanting tubes in people's 
heads. Over months or years it might cause an 
infection in the brain, or the rube might move 
slightly, sending the trophic facror ro the wrong 
place, and so on. Therefore, considerable work is 
focusing on alternative methods of delivery. One 
on which we are working is a biological merhod, 
that is, implanting living cells that secrete large 
amounts ofNGF directly into rhe brain. Skin 
cells are isolated from rats , grown in culture in 
large numbers, and then injected with the gene 
for NGF (or another trophic factor on which we 
are working called LIF , for leukemia inhibitory 
factor). Cells thar are producing high levels of 
the trophic factor are selected for use as a living 
graft of cells to be implanted into the part of the 
brain where the neuronal loss is occurring, 

In addition to aged animals, other models 
involve surgical lesions placed in very discrete 
locations in the brain. In one surgical model, 
nerve fibers of cholinergic neurons are cut on one 
side of the brain, leaving the other, intact, side as 
a conrrol. In this case, the genetically engineered 
cells producing NGF are grafted into the lesioned 
side of the brain and the results assessed days or 
weeks later. When the brains of these animals 
are examined histologically, the tissue sections 
reveal that the lesioned neurons survive far better 
when they are near a graft of cells secreting NGF 
-they are large and healthy, with many sprouts. 
When the same experiment is done and the 
behavior of the rats is tested using the water
maze test that Erin described, the performance 
of a rat whose cholinergic neurons have been 
lesioned is very poor. It displays a very poor 
ability to remember where the platform is 
located. In contrast, lesioned rats that have 
received grafts ofNGF-secreting cells display a 
markedly improved spatial learning and memory 
performance. 

A variety of experiments from a number of 
different labs around the world have shown that 
NGF and other trophic factors have the capacity 
to rescue neurons under many differenr circum
stances. It does not seem to make a difference 
how the neurons have been made to atrophy
whether by aging, surgical lesions, or various 
toxins; survival and growth can be improved with 
trophic factor under many roxic conditions. This, 
of course, ha"i important implications for diseases 
for which we do not yet know the causes. In 
addition, some reports have indicated that 
administering NGF to normal, healthy rats 



In the Morris water
maze test, a normal 
rat quickly learns to 
find its way directly to 
the platform (blue 
square) hidden just 
below the surface of a 
pool of water, remem
bering where it is 
from clues in the 
surroundings. The 
pool is represented 
here by the circle, 
and the rat's path is 
shown in orange. A 
rat whose cholinergic 
neurons have been 
cut cannot, however, 
remember how to find 
the platform and 
swims around in 
circles (center). But 
such a rat that has 
had an NGF-contain
ing graft implanted in 
its brain can find the 
platform pretty well 
(bottom)-not as well 
as the normal rat but 
a big Improvement 
over the one with the 
resioned brain. 

A variety of 
basic-science 
experiments on the 
normal embryo
logical death of 
cells and the role 
of trophic factors 
provide results 
that have direct 
applicability to 
the clinical study 
of a number of 
neurodegenerative 
diseaseJ. 

Normal 

Lesioned 

Lesioned 

with ~ NGF 
graft 

improves their learni ng and memory capacity. 
T his may g ive hope to al l of us! 

A fi nal interes ting point concerns another 
feature of the grafted cells in the brain. An 
experiment thar we've done in coJJaborarjon wjth 
Fred Gage of UC San D iego involves placing 
grafts ofNGF-secreting cells at some distance 
from NGF-responsive cells in the brain. In spite 
of this distance, the NGF-tesponsive neurons wil l 
send processes d irectly mward the g raft, ulti 
matel y surround ing and infest ing it. The nerve 
processes do not grow randomly, but d irectly 
mward the g raft . T his means that we can control 
the djrection of nerve outgrowth by where we 
place the graft . This is experimentall y very 
useful, but it also points out a potent ial problem 
in app lying this technique in humans. If one 
misplaces [he graft or [he cube of NGF even 
slig htly, nerve processes might grow to the 
wrong location , and rhe patient could be worse 
off [han before. 

Al[hough i[ is st ill [he early days of [his field , 
one can draw several condusions at this point: 
1) A variety of basic-science experiments on the 
normal embryolog ical death of cells and [he role 
of trophic faCtors provide results that have direct 
applicabil ity to the clinical study of a number of 
neurodegenerative disea<;es- not only Alzheim
er's disease, but Parkinson 's and others. 2) The 
applicability of such trophic factors to si tuations 
in which we do not yet know the cause of the 
disease is potentially very impormnr. 3) Animal 
models are essential for the study of these 
diseases. 

Finally, current work in our lab and that of 
many others is aimed in several d ifferent direc
tions. It is cri t ical to find the best form of 
delivery, and to extend the rodent work into 
primate disease models. W e are also looking for 
new trophic faCtors that wi ll work on other kinds 
of neurons in the brain. Many types of neurons 
die in tbese neurodegenerative diseases, including 
Alzheimer's, and we want to find trophic factOrs 
for each of them. Past success in these areas pro
vides hope for currently untreatable neurological 
diseases. 

Panl Patterson has been profeHor of biology at Caltech 
since /983 and executive officer fot· neurobiology since 
1990. He received his BA f rom Grinnell College in 
1965 and his PhD from J ohns Hopkins University 
in 1970. Before coming to Caltech he was on tbe 
neurobiology famlty of Harvard Medical Scbool. 
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A progenitor cell is 
one that hasn't yet 
differentiated-that is, 
it hasn't yet decided 
what it wants to 
become. It divides 
and generates 
daughter cells, which 
do differentiate and 
assume different David .J. Anderson 
fonns and functions. Associate Professor of Biology, Caltech 

Perhaps the most revolutionary potential kind 
of therapy for brain diseases is cell-replacement 
therapy, that is, transplanting cells to replace the 
function of neurons that have died in diseases 
such as Alzheimer's disease. In order to develop 
such a therapy and take it from science flction to 

science fact, we need to know, first of all , which 
type of cell we need to transplant. Since neurons 
are dying, it would seem to make sense to replace 
them with more neurons. But another cell, called 
a progenitor cell, is also being studied as a trans
plant candidate in my own lab and in others 
around the world. 

A progen itor cell is a cell that we originally 
thought existed only in the embryonic brain. It 's 
an undifferentiated cell, that is, it doesn' t have 
any particular function except to make more of 
itself by dividing and to generate other ceIls
daughter cells-which then d ifferentiate, taking 
on the specialized form and function that they 
need, in th is case, to make the brain do what it 
does. Progenitor cells have enormous prolifera
t ive capacity; they can divide, which makes them 
much easier to cultivate in the laboratory than 
neurons, which can 't divide. A part icular kind of 
progenitor ceU, called a stem cell, gives rise to the 
greatest number of daughter cells, and can be 
thought of as the most primitive of the progeni
tor cells. Progenitor cells are also ea<;y to grow, 
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and because they are immacure, primitive cells, 
rhey can adapt more easily than neurons can to 

a new environment, such as the one they m,ight 
encounter if transplanted into a brain. Cells are 
like people: a, they get oldet, they tend to get 
more set in their ways. 

Bur before we think about transplanting these 
cells, we need to know more about them, speci
fically whether there's a special progenitor cell 
for each type of neuron , or whether a generic type 
of progenitor cell can give rise to all the different 
types of neurons that die in various neurologic 
diseases and therefore can be used to treat them 
all . In order to determine how many different 
cell types a progenitor cell can give rise to, we can 
study them in the laboratOry in two basic ways. 
One is to study them in culture. W e put the 
progenitor cells in petri dishes, and to some of 
those we add one kind of hormone-----o r factor, or 
signal-and then to other petri dishes containing 
the same kind of cells, we add a different kind of 
signal. Then we ask whether the progenitor cells 
d ifferentiate into different cell types in the differ
ent petri djshes. And it turns out that they do, 
and we can define the menu of possible fates 
available to a progenitor cell by these experi
ments. We don't know ahead of time what 
conditions, or factors, to use to get the cells 
to differentiate, but we can use this as a system 
to search for such conditions. This has the side 
benefit that once we know the conditions that 
will turn a progenitor cell ioro, say, a cholinergic 
neuron, or a neuron that makes dopamine, we 
might be able to use that information down the 
road to supply those factors along with the 
progenitor cells when they're transplanted 
into the brain. 

Another way to find Out what progenitor cells 
can give rise to is to transplant the cells into ex
perimental animals such as rats. We can trans
plant these cells, labeled with a dye, into an 
embryo (or an adult brain), and then follow them 
to see where they go and what they become. 
Such transplant experiments in my lab (in collab
oration with Fred Gage at UC San Diego) and in 
several other labs around the country have indi
cated that these progenitor cells are quite plastic, 
that is , they have a wide range of developmental 
capacities, suggesting that they could be used for 
more than one type of disease. But we still don 't 
know whether there is one single generic progen
itor that we could llse to treat aU neurodegenera
tive diseases . This is a goal of much current 
research. 

We have two methods of growing progenitor 
cells for these experiments . One method manip
ulates the cells from the outside by supplying 



Above: Progenitor 
cells can be isolated 
and studied in culture 
to determine what 
conditions cause 
them to differentiate 
into specific daughter 
cells-neurons, say, or 
glial cells. 
Below: An isolated 
progenitor cell before 
it has begun to differ~ 
entiate. After it had 
grown in culture for 
two weeks, it differen
tiated into the hun
dreds of neurons and 
glial cells seen on 
page 14. 

them with nutrient molecules called growth 
factors, which bind to receptors on the surface 
of the ceUs and stimulate them to divide. The 
alternative way is to manipulate the cell from 
within-provide the cells with a gene, called an 
oncogene, whose product increases ceU divis ion. 
Recent experiments with both of these tech
niques have made it possible ro generate large 
quantities of progenitot cells in the laborarory, 
start ing wi th very small numbers of cells. 

As I said earlier, neural progenitor cells are 
found in developing embryos. Experiments with 
animal models have indicated that such fetal cells 
behave much better than do adult cells when 
grafted into an adult brain, probably because 
they're more ptimitive and, therefore, more 
plastic. But in order to treat human diseases, we 
need to start with human cells (animal cells wi ll 
be rejected by the immune system). In Sweden, 
where such experiments have been generating a 
lot of excitement recently, reports have indicated 
that human feral cells transplanted into the 
brains of aged human patients (in this case to 
treat Parkinson's disease) are actually able to 
survive, grow, and differentiate over a period of 
years. In this counery, there are moral, political, 
and practical barriers to doing research with 
human feral tissue, but these techniques that 
allow us to grow large quantities of progenitor 
cells in the laboratory couJd allow us to generate 
an essentially infinite supply from a small sample 
of human fetal cells obtained on a one-time-only 
basis. That is, a single sample of fetal tissue 
could provide a potentially inexhaustible supply 
of progeni tor cells. 

Does any of this 
have a prayer of 
working? 

New reseatch also shows that the adult human 
brain contains a small reservoir of these progeni
tor cells or stem cells. This discovery overturned 
dogma that had been accepted in neurobiology 
for a century. The existence of stem cells in the 
adult human brain opens up the possibility that 
we might be able to transplant a patient's own 
stem ceHs from a healthy part of the brain inro 
the part that 's diseased. Current research is 
focusi ng on ways to accomplish this. 

Does any of this have a prayer of working? 
Although it's not yet clear whether this kind 
of cell-replacement therapy will work for Alz
heimer's disease, dramatic progress has been 
made using it in Parkinson's disease. This is 
encouraging, but we're not going to know 
definitely whether this kind of therapy can work 
until we have gained more understanding of the 
fundamental properties of neural progenitor cells. 
This is the kind of research that we do here at 
Caltech . Even though it doesn't have a medical 
school, it's a place where biological research goes 
on that is relevant to human medicine and 
human disease. The concept of using replace
ment cells in therapy for diseases such as Alzhe
imer's and Parkinson's has emerged directly from 
the kind of basic research into the fundamental 
biology of t hese fascinating cells that we, and our 
colleagues in other institutions, carry out. 0 
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