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* “I have read this book with considerable pleasure
and learned some interesting new things about
genetic diseases that I hadn’t known before.”

—Lewis Thomas, M.D., author of Lives of
a Cell, and Chancellor, Memorial Sloan-
Kettering Cancer Center

THE FIRST FULL REPORT ON
THE GENETIC REVOLUTION
THAT IS CHANGING OUR LIVES
AND THE WORLD WE LIVE IN

Genetic prophecy is on the brink of altering human life
by telling us, among many other things . . .

+ what our odds are to live longer

- how susceptible we are to certain chemicals in the work-
place

« whether a particular cancer cure will work better for us

- whether we are disposed to heart disease, arthritis, lung
cancer, leukemia, emphysema, diabetes, depression, alco-
holism, even obesity . . . and much, much more

It also opens the Pandora’s box of genetic engineering and

manipulation and discusses how both must be monitored for
human safety. :




Nhat The Double Helix was to its time, this
»ook is to ours. It is the first full report on the
renetic revolution that is changing our lives
ind the world we live in.

senetic prophecy makes use of those physical
‘haracteristics of genes—called genetic mark-
rs—that forecast physiological and emo-
ional wvulnerabilities, some of which can
yecur spontaneously and others only when
riggered by special circumstances: for exam-
ble, a urinary cancer that occurs in some peo-
ble only when they live in a city, an anemia
hat strikes some people when they drink
*hlorinated water.

New research has uncovered several thousand
narkers, among them some that will tell
~hat the odds are for you to live longer . ..
succumb to arthritis or to certain chemicals
n your workplace . . . respond to a particular
;ancer cure ... or be predisposed to heart
disease, lung cancer, leukemia, emphysema,
diabetes, or obesity. Work is even being done
on markers that may predict high 1.Q.s. Ge-
1etic markers can also warn of a potential for
what have hitherto been regarded primarily
as behavioral or psychological problems, such
as depression, alcoholism, and other such
manifestations.

Genetic prophecy will change the way disease
s defined and doctors treat patients. The fac-
tor of prediction will shift the emphasis from
the usual visit to the doctor, motivated by an
>n-going illness, to a world where we can be
ested preventively beforehand and with
guidance set up a regimen to protect our-

selves.
(continued on back flap)
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AUTHORS’ NOTE

In any collaboration, there is a tendency for those outside
the process to assign roles to the participants, to assume, for
instance, that the scientist did the thinking, the writer did
the writing, and that a collaborative caste system was etched
in stone. That is not the case with this book. One of us came
to this project as a geneticist, the other as a professional ob-
server of the genetic revolution. Roles, as they may be per-
ceived from without, never existed. Every idea, every phrase,
every nugget of information was thrown into the communal
stew and blended with the rest, until it has become impossi-
ble for us—much less for anyone else—to separate our con-
tributions. This book is, in short, a true collaboration; the re-
sponsibility for its content rests with both of us, equally.
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sights into the medical implications of genetic prophecy;
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Judy Williams, for her exhaustive comments on the drafts;
the Rawsons, Eleanor and Ken, for their support and edito-
rial direction; and Hugh Thomas, for the line drawings that
accompany the text.

We would also like to thank those whom we interviewed
at length, whose points of view helped shape and embellish
many of our thoughts and concepts: Thomas Bouchard,
Barton Childs, David Comings, Leonard Heston, Phyllis
Klass, Frank Lilly, Daniel Nebert, Marcello Siniscalco, Mi-
chael Swift, and Judith Widmann.

Finally, our thanks to Susan Clymer, Liz Galloway, Irene
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PROLOGUE

This particular medical clinic seems much like any other, al-
though it was obviously built by an institution in no finan-
cial trouble. The floors are covered with carpet, not lino-
leum. The walls are cream-colored instead of faded
institutional green. The chairs are solidly framed in wood
and cushioned, rather than the usual red-green-blue-yellow
molded plastic, bolted to the floor. And the receptionist
doesn’t look as if she would kill you if you asked one question
too many.

But the finer furnishings tell you nothing about what is
actually going on here. For this is not just another medical
clinic for allergies or orthopedic problems or heart patients.
This is a waiting room for people who are about to undergo
genetic screening—a first step into the future of medicine.

The two genetic counselors move around the room easily,
spending time with those waiting, explaining the procedures.
This particular clinic happens to specialize in prenatal
screening—testing the fluid surrounding the unborn fetus for
signs of genetic abnormalities like Down’s syndrome (com-
monly called mongolism)—and for Tay-Sachs, a fatal ge-
netic disease that attacks the nervous systems of about one in
3,600 Ashkenazy Jews and kills them before they reach the
age of four. But prenatal screening is only one tiny aspect of
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PROLOGUE

the ability of the genes to foretell the future. The hospital
complex also houses other laboratories with other tests, to
help people make decisions on the kinds of work they can
safely do, the ways they might live, the foods they might eat:
all on the basis of what the genes reveal. This clinic 1s just
one small jewel carved out of the enormous potential that is
genetic prophecy.

As the morning goes by, startling stories filter out of the
SCreening sessions:

» Upstairs in the hospital are two babies with Down’s syn-
drome, both born to mothers who refused amniocente-
sis. One couple, in their forties, is cheerful and deter-
mined, happy to have produced a child—any child—to
love and raise. The other couple, much younger, was
advised to skip the prenatal test because the prospec-
tive mother was not in the high-risk group of women
over 35. Their little girl is their second child. They are
overcome with the impossibility of the situation, and
with guilt.

« A pregnant woman who is to be tested for Tay-Sachs
does not show up for her appointment. The counselors
have learned that her husband has suffered a brain an-
eurysm and is dying. They wonder whether they will
be able to test him for the deadly trait before he dies.

« A woman phones in, hysterical. She has a neurologic
disease called neurofibromatosis which, in its most se-
vere form, can cause paralysis. Over the past decade, a
half dozen physicians have told her that the condition
is not hereditary. Yesterday, another doctor informed
her that the others were wrong. Neurofibromatosis is a
genetic problem; the odds of her passing it on to her
children are 50 percent—one chance in two: and she
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Prologue

should think twice before she has any more children.
She already has a nine-year-old son. She wants to
know: Is he in any danger?

« The counselors discuss a couple in which the husband
1s a hemophiliac. Because any daughter he sires must
be a carrier of the condition, the couple has decided to
have children by artificial insemination. But they have
also resolved not to tell their children of their unknown
heritage, mainly because of family pressures. One of
their two children is a girl, 18 months old. When she is
ready to have a family of her own, she will undoubt-
edly undergo genetic screening, knowing of her father’s
condition. She will learn that she does not carry the
trait for hemophilia, and therefore that she cannot
possibly be her father’s daughter. The parents do not
yet understand the problem. They still view their child
as a baby who must be protected, and not as the tem-
plate of a mature young woman.

Those who come to this clinic undergo the same basic
process as they would in any genetic screening. First, they
provide a sample that can be tested. In this case, it is blood
or amniotic fluid; other tests in other clinics might require a
urine sample or a tiny swatch of skin. Then they go home
and the laboratory begins its work, subjecting the sample to
dozens of tests to discover the kinds of products its genes are
producing, and, by inference, the kinds of genes the sample
contains. When the patients return to the clinic a counselor
will sit with them and explain the test results. For these pro-
spective parents, the tests can reveal a great deal about the
genetic health of their unborn children. In other clinics,
workers may find out whether they are vulnerable to certain
chemicals in their environment, patients may discover that
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PROLOGUE

they are susceptible to specific drugs, and the merely curious
may learn that they carry a whole host of genetic traits that
bear directly on the way they live. The counselors themselves’
are crucial to this process. They are the first contact that
most people have with what may be the most profoundly
personal of all the advances of the biological revolution.
They are the translators of the vital secrets of the genes.

The clinic closes before lunch and the patients disappear.
After the counseling sessions, it is up to them to decide how
they will treat what they have learned. They can act on their
new knowledge or ignore it. They can avoid things that may
be harmful or accept the risks. Either way, they have discov-
ered things that may influence the way they, or their chil-
dren, choose to live.
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1. GENES
AS
PROPHETS

Declare the Past, Diagnose the Present,
Foretell the Future. HIPPOCRATES

lt is the first thing asked, no matter who the
person or what the problem. Man or woman,
flu or cancer, arthritis or heart disease, the question is nearly
always the same.

“Why me?”

Why, indeed, you?

The question is not melodramatic or rhetorical. It is not
simply a statement of despair. “Why me?” is the question
that medicine has been trying to answer ever since scientists
learned that microorganisms could cause disease, since Sir
Percival Potts first observed that only some chimney sweeps
in eighteenth century England contracted scrotal cancer as a
result of their profession.

“Why me?”’—why one person becomes ill while another,
also exposed to a disease, does not—is, in fact, the central
question confronting medicine today.

The question is important primarily because medical sci-
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GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

ence has done so well at finding out why people in general
come down with a particular disease; literally hundreds of
illnesses, from malaria to pneumonia, have offered up their
secrets during the past century. It is central because the dis-
eases that are rampant today—the cancers and emphysemas
and heart problems—seem to strike almost at random, with
medical understanding of the reasons often limited to “it
runs in the family.” It is critical because preventing illness,
rather than curing it after it strikes, is becoming the watch-
word of modern medicine. “Why me?” means so much be-
cause if we can determine why one particular individual
comes down with an illness, we might also learn to cut the
chain of events that causes it, to avoid potential trouble spots
in the environment, to know, exactly, who needs what kind
of medical advice.

Until very recently, the answers medicine has offered us
have not been entirely satisfactory. When a physician re-
marks that “You caught a bug,” or “You work too hard,” he
i1s isolating the external factor—the germ or type of stress—
that might make anyone susceptible. He is, in fact, not talking
about you at all, but about how you fit into the statistics that
have grown up around your problem. When a laboratory
test discovers bacteria flourishing in your bloodstream, it is
not pinpointing the underlying factors that may have al-
lowed the colony to grow in the first place, but merely the
existence of the disease.

Now, for the first time, the question “Why me?” can
often be answered. During the past 25 years, we have learned
that the secret as to why one person becomes ill while an-
other, subjected to the same environment, stays healthy is
partly contained in each individual’s internal blueprint, the
genes.

Genes never act alone. They are always influenced by the
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Genes As Prophels

environment; they never confer absolute resistance to one
disease or give an absolute guarantee that another will strike.
In every single illness, the equation is the same: Disease
occurs when an environmental insult meets genetic predis-
position, when environmental and genetic factors come to-
gether.

It stands to reason, then, that if we can uncover both sets
of factors, we can finally answer the question, “Why me?”

It also stands to reason that if we can test for the presence
of genetic factors before a disease strikes, we can pinpoint who is
at risk, foresee the probability that an illness will occur,
and—by warning those who are susceptible to stay away
from specific environmental triggers—actually prevent it
from taking hold. And even when we cannot fully protect
ourselves from factors that trigger some diseases—even when
we are susceptible to such ubiquitous elements as automo-
bile exhaust—we can still gain the advantage of an early
warning. The genes can alert us to the probability that a
disease is imminent; and forewarned is forearmed. It 1s an
axiom of the medical profession that an early diagnosis often
leads to more effective treatment and better odds for cure.
Our newly found ability to read the secrets contained in the
genes is one of the critical elements in making that happen.

The Rise of Prophecy

The Italian broad, or fava, bean is enormous; its pod can
grow up to eight inches long. It sprouts with great enthusi-
asm on the borders of the Mediterranean, cultivated by
farmers in Greece and Italy as well as by those on the count-
less islands that dot the sea. In spring and summer, it is a
staple food for most of the local populations. Its seeds are
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GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

dried and saved so that they can be eaten in winter.

For many, the fava bean is a tasty, nutritious part of the
diet. But even in pre-Christian times the bean had its de-
tractors. The Greek philosopher and religious reformer
Pythagoras, for instance, barred his followers from eating it,
or even from walking through fields in which it was growing.
He kept the reasons for this prohibition to himself.

By 1900, people had begun to understand why the fava
bean had been getting such bad press over the years. While
the bean was perfectly fine for some to eat, for others it was
turning out to be as deadly as a stick of dynamite.

% % K ¥

For centuries, schoolteachers on the Mediterranean is-
land of Sardinia have witnessed a curious phenomenon.
Every February as spring arrives, some of their students sud-
denly seem drained of energy. For the next three months,
their schoolwork suffers. They complain of dizziness and
nausea and fall asleep at their desks. Then, just as suddenly,
they return to normal and remain healthy and active until
the next February rolls around.

In some countries, such incidents would be ascribed to
boredom, spring fever, or a massive, collaborative effort to
disrupt the learning process. But Sardinian adults suffer
from similar symptoms; and while some merely feel a strange
lethargy, others die after urinating quantities of blood. At
times, as many as 33 percent of the islanders have suffered
from this phenomenon.

In the early 1950s, scientists with no special interest in
the Sardinians’ particular problem came to the island to
study its people. For them, Sardinia presented a special op-
portunity. Its isolated location to the west of Italy, its poor
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Genes As Prophets

resources, and its rocky, inhospitable interior had long pro-
tected its essential character. Invaders such as the Phoeni-
cians, Greeks, and Romans had occupied its low-lying areas;
but when they departed, as they invariably did, the Sardin-
lans returned to their old ways. For scores of generations,
Sardinians have almost always married other Sardinians;
even those who now take jobs in Germany and Italy come
home to their native villages to marry. As a result, the is-
land’s people have evolved a relatively pure gene pool, pro-
tected by geography and uniquely influenced by the en-
vironment. Genetically, the island is like an oil painting that,
despite minor restorations, retains its original colors and
character.

For researchers like Marcello Siniscalco of the Sloan-
Kettering Institute in New York, Sardinia provided a natu-
rally controlled population—a living laboratory for human
genetics. Siniscalco and others began to flock to the island to
trace the hereditary patterns of disease.

At the same time, various scientific institutions outside of
Sardinia were examining the origins of an odd disease called
hemolytic anemia. One form of hemolytic anemia is heredi-
tary in nature. It arises when the red blood cells actually
begin to explode in the blood vessels. When the ruptured
cells reach the kidneys, they are filtered out and excreted,
causing the victims to urinate blood. If the amount of de-
struction is minimal, the loss of blood results in lethargy; if it
is severe, the disease can kill.

Hemolytic anemia can have many origins. But in 1956, a
scientific group from Chicago reported that almost everyone
with the hereditary form of the disease was lacking a single
enzyme called glucose-6-phosphate dehydrogenase (or G-6-
PD), which forms a crucial link in the chain of energy pro-
duction for the red blood cells. When the chain is cut, and
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when the cells need G-6-PD to defend themselves against
certain chemicals, the cells can become more fragile; ulti-
mately, internal pressure tears apart the weakened cell walls.

Clearly, the disease that so afflicted the Sardinians was
hemolytic anemia. But the islanders became ill only in the
spring, indicating that the victims’ lack of G-6-PD was not
setting the disease off by itself; something in the environment
had to be taking advantage of the deficiency. The genetic
factor may have been the loaded gun; but an environmental
element was pulling the trigger.

Among the plants that flower during the Sardinian
springtime is the fava bean. In the 1950s, the reasons behind
its poor reputation became clear. Only those who both car-
ried the defective gene for G-6-PD and ate raw or partly
cooked fava beans (or breathed the pollen from a flowering
plant) came down with the disease. Everyone else was resis-
tant. Discovering the relationship of the enzyme, the beans,
and the disease solved a problem that had been puzzling his-
torians for centuries: namely, why Pythagoras forbade his
followers to eat or go near the bean. It seems that Pythagoras
himself was probably susceptible. (Pythagoras’ aversion to
the bean finally killed him. One day, a mob incensed at his
religious beliefs supposedly found him at the home of one of
his followers and began to chase him. Pythagoras ran, but as
he was getting away, he reached the edge of a bean field.
Consistent to the end, he refused to cross it. When the mob
caught up with him, they cut his throat.)

Less than two years after the discovery of the links be-
tween hemolytic anemia, G-6-PD deficiency, and the fava
bean, Arno Motulsky of the University of Washington devel-
oped a simple blood test to measure the presence or absence
of G-6-PD. Armed with the test, scientists now had a way of
determining exactly who was predisposed to the disease and
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Genes As Prophets
who was not: The missing enzyme had become a tool of pre-
diction; a signal that the disease might someday strike.

Motulsky sought out Siniscalco, and the two began to
screen the Sardinian schoolchildren. Day after day they
would enter a school, draw blood from a hundred fingers,
and evaluate the samples in their laboratory, in school
clinics, 1n hotel bathrooms when necessary. Gradually those
in danger were located. They were warned to avoid contact
with fava beans during the flowering season. As a result, the
incidence of hemolytic anemia—and lackadaisical school-
children—began to decline.

Since that time, Motulsky’s test has been refined and the
impact of the enzyme deficiency has been examined more
closely. Today it is known that about 100 million people
around the world, including three million Americans, have
G-6-PD deficiency, and that hemolytic anemia can be trig-
gered not only by fava bean pollen but by a whole spectrum
of other compounds, from antimalarial and sulfa drugs to as-
pirin and vitamin K. Because of a genetic marker—a gene
that makes it possible to prophesy the future—many of those
who are most susceptible to the disease can now consciously
avoid the compounds that might cause them harm.

Crude forms of prophecy have always been a part of
medicine. The Greeks could look at a frail or mongoloid
child, accept the inevitability of its hopeless future, and
throw it from a cliff; the German dye industry in the 1890s
worked out the relationship between certain chemicals and
the high incidence of bladder cancer among some of its em-
ployees; and modern physicians have long known that if a
parent comes down with, for instance, diabetes, chances are
greater that his or her children will come down with it too.

But the new genetic prophecy is not simply a modest im-
provement on this kind of general prediction. Instead, it
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GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

makes use of genetic markers—the direct products of
genes—to forecast the likelihood that specific diseases will
occur. The realization that Sardinians were deficient in G-6-
PD was used to predict their reaction to fava beans and was
one of the first times a genetic marker was employed in that
way. Now markers exist that can predict the possible onset of
other diseases as well.

Markers already discovered have been linked to a fistful
of diseases. Red hair, especially among the Irish, has been
tied to high rates of skin cancer. A woman with blood type A
who is taking oral contraceptives is five times more suscepti-
ble to blood clots than women with other blood types. Peo-
ple with higher levels of the digestive enzyme pepsinogen I in
their blood are five times as likely as others to develop peptic
ulcers. Smokers who are missing the protein alpha-1-anti-
trypsin are likely to develop emphysema nearly a decade
earlier than nonsmokers missing the same protein. Still other
genetic markers have been linked to everything from diabe-
tes and arthritis to heart disease, malaria, and flu, while an
entirely separate group seems to be tied to mental illnesses
like manic depression and schizophrenia. Medical science is
now on the verge of developing a comprehensive system of
predicting and preventing diseases by analyzing each indi-
vidual’s own particular set of genetic markers.

The changes that genetic prophecy can offer are awe-
some. If a disease can be predicted before it strikes, the fetus
conceived by a couple with a high propensity for multiple
sclerosis can be tested for the relevant genetic marker—and
may be aborted before the child, the family, and society suf-
fer the inevitable hardship that would occur. Because the
environment is so important to the onset of some diseases,
those who live in polluted cities and are most susceptible
to respiratory ailments or cancer can be located and fore-
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Genes As Prophets

warned. And because some markers may even help to pre-
dict the course a disease will take after it strikes, people who
do become ill can better understand what is happening to
them; they and their doctors can then act accordingly.

These possibilities already exist for some diseases. There
are today over 200 genetic centers in the United States that
screen for specific ailments. Some centers have already in-
corporated tests for a few genetic markers into their reper-
toires. Other tests are still in the experimental stages; but it
will not be long—perhaps within the next 10 years—before
any one of us can go to the local clinic, have a blood sample
drawn, and receive a computer print-out of our sus-
ceptibilities to scores of diseases; before an expectant mother
can provide a sample of her fetus’ blood and learn not only
whether the child will contract any of the 60 or 70 genetic
diseases now detectable, but how, later, she might raise it in
the healthiest possible environment; before an industrial
concern can determine which of its workers may be in dan-
ger and provide them with safer jobs or clean up the work
environment to protect them. Gradually, the genes are be-
coming the focal point for our understanding of what disease
is and how it works. More and more, we are beginning to
rely on the stories they tell to decide how we can best estab-
lish and maintain good health.

The Gene Hunters

In the middle of the nineteenth century, a German cytol-
ogist named Walther Flemming took a sample of cells from
salamander testes, dyed them, and placed them under his
microscope. As he squinted through the eyepiece, he noticed
for the first time that clots of material in the cells’ nuclei had
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absorbed the dye especially well; they were starkly visible
against the otherwise colorless background of the cells’
bodies. Some of the cells in his samples were in the process of
reproducing and dividing. In them, Flemming found that
the colored material had separated into distinct, slender,
threadlike strands. Soon other scientists noted the same phe-
nomenon. One of them, W. Waldeyer, dubbed the stained
material “chromosomes”—colored bodies.

That simple experiment unveiled one of the most impor-
tant structures of genetics and heredity; for, as we now know,
chromosomes are nothing more than long chains of genes at-
tached end to end. The genes themselves contain the record
of the body’s past, as well as a blueprint and map of its fu-
ture.

Chromosomes are composed of long, twisted chemical
threads of deoxyribonucleic acid, or DNA. In cells, the twist-
ing pattern of the genes is very regular. DNA, appearing
much like an endlessly spiraling staircase, forms one of the
most glorified structures in science today: the double helix, a
simple, elegant coil that is the basis for all life on earth. The
double helix itself is a bit inscrutable. But if we could remove
a strand from a cell, dry it out, and untwist it, the molecule
would look like a simple ladder, with two long sidepieces
supporting a regular series of rungs. The sidepieces are stan-
dard, uninteresting. But the rungs are different. They come
in four different types—each containing a different signal,
like the dots and dashes in a molecular morse code. It is by
reading the message carried by the rungs that the cell knows
what it 1s to be and how it should act.

The information in the rungs is translated by a compli-
cated process into proteins, the tiny molecular building
blocks that are the foundations of both structure and func-
tion for the cells. Each gene—each complete coded mes-
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sage—produces a single protein. And the proteins assemble
to take part in the creation of blue eyes, bones, nerves,
organs, and muscles, as well as in the development of the
massive communications network that keeps all the parts of
the body running smoothly and assigned to their proper
places. In all, each cell of the body contains about 100,000
individual genes.

But the DNA that carries these genes is coiled, twisted,
doubled back upon itself, a complex mass of a blueprint. If it
were stretched out to its full length, it would be just over 614
feet long. The 100,000 functioning genes manage to take up
only a tiny portion of the genetic material available. A por-
tion of what is left consists of copies of these genes, the same
basic code, repeated again and again with minor alterations,
so that the cell can produce the same enzymes and proteins
under different sets of environmental conditions. The result
of this repetition and overlap is a fantastic degree of genetic
variation, all of which allows the cell to adapt to a vast array
of possible challenges.

Each cell contains all the genetic information that is
needed to build and monitor every genetic structure and
function in the body. But the requirements of, say, a nerve
cell and a cell that produces insulin in the pancreas are com-
pletely different. For that reason, the rest of the genetic ma-
terial in the chromosomes is dedicated to regulation, to act-
ing as genetic stop-and-start signals that determine exactly
when a gene is going to produce a protein and when it will
be shut down. The amount of regulatory material needed to
oversee and direct the function of every cell in the body
dwarfs the amount needed for the genes themselves; scien-
tists have estimated that the genetic blueprint for regulation
is about one hundred times as extensive as the map of the
genes.
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Together, the genes and regulatory material function like
some complex, remote city of old. The scientist seeking to
learn the nature of its operation becomes a kind of genetic
archeologist, chipping away at the unknown. Gregor Men-
del, the obscure Moravian monk who first described the gene
in 1865, postulated the city’s existence. Francis Crick and
James Watson, who proposed a structure for DNA in 1933,
sketched the first rudimentary map. Now scientists have in-
vaded the city proper, unraveling the codes of single genes,
finding out what protein each one produces, exploring where
each gene sits on the chromosomes.

At the same time, they are finding clues as to how the ge-
netic city operates. What they are discovering is a monu-
mental paradox. The basic genetic laws are simple, but when
genes and proteins interact, they do so not in a straightfor-
ward, practical arrangement, but through a spaghetti-like
tangle of conflicting signals, each with its own purpose, each
linked to others in ways that become clear only through
painstaking investigation. As the scientists explore, they are
discovering what role each gene plays in life and how, in the
long, complicated string of operations needed to translate a
gene’s message into a product, things can go wrong. At the
same time, they are beginning to decipher the signs and sig-
nals that tie the city together. In the process, they are uncov-
ering genetic markers.

The theory behind genetic markers is simple: All diseases
have genetic components; if we can learn what they are and
can test for them, we can find out who is susceptible to what
disease.

In practice, however, the process is more difficult. Some-
day, genetic engineering will allow us to identify each of our
genes directly; in fact, researchers can already isolate the
gene for sickle-cell anemia. But we are still a long way from
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being able to use that kind of clinical analysis of all our genes
on a regular basis.

If genes cannot yet be easily identified, however, their
products can. And that is the secret of genetic prophecy. A
genetic marker is the recognizable characteristic—for exam-
ple, the presence or absence of a protein—by which we can
detect the existence of a gene. The marker can be the direct
cause of susceptibility to disease, as the deficiency of the en-

. product of geng

GENETIC
MARKER

AMOUNT REACTIONS
STRUCTURE

1. Genetic markers—the key to prophecy. Each functioning gene helps
produce a single distinctive protein. Scientists can use these proteins as
markers, identifying them, analyzing their characteristics, and discov-
ering how they influence our responses to environments. Ultimalcly,
they can identify the original gene, simply by looking at its product.
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zyme G-6-PD is for hemolytic anemia. But it can also be a
signpost, so closely linked to the actual cause of a disease that
it almost invariably indicates the presence of some other as
yet undiscovered marker. In the 1950s, for example, the same
Sardinians who became ill after eating fava beans were in-
variably color blind. Yet the genetic characteristic of color
blindness has nothing to do with hemolytic anemia. As it
turns out, the gene that results in color blindness in Sardin-
ians sits right next to the gene that causes a deficiency of G-
6-PD; they are almost always inherited together, generation
after generation. Even if the genetic basis for hemolytic ane-
mia had never been discovered, therefore, scientists could
have used color blindness as a reliable genetic marker to
pinpoint those in the Sardinian population who were at risk.
By now, hundreds of markers have been identified for
hundreds of diseases. As a result, the medical profession,
which, for centuries, has been treating many diseases as
purely genetic or purely environmental, is slowly revising its
approach. The old way of viewing diseases as separate enti-
ties 1s out. The new way—recognizing the complicated na-
ture of illness—is taking hold. The basic facts are these:

« Every disease has both environmental and genetic
components.

« For every genetic component, one or more markers
exist.

« Environmental factors can be tracked down and iso-
lated.

« No portrait of a disease is complete without a thorough

understanding of both genetic and environmental fac-
tors and the way they influence its course.

The relative weights of environmental and genetic fac-
tors vary according to the disease. Phenylketonuria (PKU),
for instance, used to be considered a purely genetic disease
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that caused mental retardation. Now we know it to be con-
trollable by a special diet, an indication of the influence and
impact of the environment on the disease. Heart disease, on
the other hand, has been considered primarily environmen-
tal. But recent studies have found that, while everyone is sus-
ceptible to heart disease in some way, some are more suscep-
tible than others. Those who are resistant require a large dose
of environmental danger before they become ill—by eating
the wrong foods, perhaps, refusing to exercise, and leading a
particularly stressful life. Those who are susceptible may be-
come 1ll even if they are careful; they are predisposed to the
disease as long as they receive minimal environmental en-
couragement. For everyone, the right genetic marker can
point to the probability that a disease will strike. The only real
limits to prophecy are the number of genetic markers a par-
ticular disease might have (the more it has, the more com-
plicated prophecy becomes) and the accuracy of the tests
that uncover them.

The Longevity Syndrome

Recently, Charles Glueck of the University of Cincinnati
College of Medicine reported an astonishing discovery. He
had managed to uncover two groups of people who seem to
be genetically endowed with longer or shorter life spans than
the general population. One group lives an average of 5 to 10
years longer than average. They rarely contract atherosclero-
sis, or coronary heart disease, no matter what they eat or
drink. The other group suffers from the opposite set of cir-
cumstances. They carry a much higher risk of heart disease
than average; and they live shorter lives.

Heart and blood ailments are the greatest killers in the
United States today. They include high blood pressure (or
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hypertension), coronary heart disease, rheumatic heart dis-
ease and strokes. In 1980 alone, they accounted for nearly
one million deaths—over twice the number attributed to
cancer, accidents, pneumonia, influenza, diabetes, and all
other causes combined. And they affect another 39 million
Americans who are still alive. Although a growing awareness
of the environmental factors involved in heart disease has
begun to lessen its impact, about a million and a half
Americans will suffer heart attacks this year.

All this illness i1s not cheap. The total estimated cost of
cardiovascular disease in the United States for 1981 amounts
to over $46 billion for physician and nursing services, hospi-
tal care, medication, and working time lost because of dis-
abilities. The American Heart Association alone has thrown
over a third of a billion dollars into research in the last 30
years.

Until recently, heart disease was considered an “environ-
mental” disease—that is, it seemed to be explained largely
by the fact that those who became ill generally smoked, ate
diets high in cholesterol, refused to exercise, had high blood
pressure, or lived under the weight of a combination of these
factors. But now the genetic elements of heart disease are be-
ginning to surface. As research fine-tunes our understanding
of the problems, the complementary nature of their genetic and
environmental components is becoming clear. Physicians are
beginning to realize that smoking, diet, and a lack of exercise
may be risk factors, but risk factors for whom? The genes
seem to make some people especially vulnerable.

Perhaps the most interesting piece of news discovered so
far concerns that old villain, cholesterol. Although all the sci-
entific evidence is not in, most scientists now agree that cho-
lesterol by itself may have little impact on health or heart
disease. While high levels of serum cholesterol—or choles-
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terol in the bloodstream—may or may not signal a predispo-
sition to heart disease, they are probably not the key to
sound prediction. They are, instead, mere baggage for the
real actors in the drama; they are capable of causing prob-
lems, but only under specific conditions.

It is now known that cholesterol does not simply rush
through the bloodstream alone, clogging arteries along the
way. It travels linked to several kinds of blood proteins. One
kind, called high-density lipoproteins (HDL), actually reduces
the risks of heart disease; another, called low-density lipo-
proteins (LDL), increases them.

To bring oxygen to all parts of the body, the heart oper-
ates its own private monitoring system, pumping about 100,-
000 times a day, pushing some 4,300 gallons of blood
through the blood vessels. It also forces the cholesterol-pro-
tein combination (which, in moderate doses, provides food
for cells) throughout the body. About 80 percent of the lipo-
proteins carrying cholesterol are LDL; most of the other 20
percent consists of HDL.

LDL tends to act like the body’s dump truck. It carries
cholesterol along the blood vessels and deposits it along the
way, which is fine if the level of cholesterol is exactly what
the cells need. But if LDL deposits too much—if its concen-
tration in the blood is too high—the excess cholesterol accu-
mulates. The accumulation narrows the blood vessels and
triggers atherosclerosis and heart disease.

HDL, on the other hand, is the circulatory system’s vul-
ture. Although scientists are still not sure exactly how it
works, it seems to act as a scavenger, grabbing cholesterol
that is piling up and carting it off so that it can be excreted.
HDL may also block the cells’ uptake of LDL cholesterol;
the cells can still receive what they need from HDL, but in a
lower concentration.
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HDL was first studied in 1951, when a group of men suf-
fering from coronary heart disease were found to have low
levels of the protein. But HDL was difficult to measure; it
seemed like a minor component among the lipoproteins; and
studies of the total cholesterol level and LDL looked as if
they were beginning to pay off. As a result, these early find-
ings were largely ignored.

Not until 20 years later did researchers again take a good
long look at HDL. What they found provided powerful evi-
dence for its role in protecting against heart disease. Quickly
they confirmed the crude studies of 1951. Independent sur-
veys of Japanese-Hawaiian men, black sharecroppers in
Georgia, Israeli men, and the entire town of Framingham,
Massachusetts, statistically showed that low concentrations
of HDL led to higher risks of heart disease, independent of
all other risk factors, including the levels of LDL. By now,
further studies have made one conclusion inescapable: Just
measuring total cholesterol levels is not enough to diagnose
the risk of heart disease. Two people with the same levels of
cholesterol may have completely different proportions of
HDL in their blood. The percentage of HDL must be mea-
sured separately.

That HDL and LDL should account for the differences
among the life spans of Charles Glueck’s groups should come
as no surprise. Glueck found that those who lived longer
were genetically endowed with either high levels of HDL or
low levels of LDL; he labeled these characteristics “the lon-
gevity syndrome.” And those at higher risk of heart disease?
They carried genes that left them with high levels of LDL or
low levels of HDL.

Altogether, Glueck’s groups comprise about 3 to 5 per-
cent of the population. For the rest of us, the genetic contri-
bution to our levels of HDL and LDL is far more subtle; the
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lipoproteins seem to be extremely sensitive to environmental
factors. Exercise and moderate drinking (one or two high-
balls a day), for instance, have been statistically linked to
higher levels of HDL; cigarette smoking and obesity are as-
sociated with significantly lower levels.

Already researchers are looking at the possibility that
HDL and LDL levels should be screened nationwide. Robert
Levy, the director of the National Heart, Lung and Blood
Institute in Bethesda, Maryland, has pointed out the value
to some of having their HDL levels measured. Most people
who have high levels of cholesterol also have high levels of
LDL. But some have high cholesterol and high levels of
HDL. Because high cholesterol has traditionally led physi-
cians to recommend drugs and a low-fat diet, distinguishing
between those who really need it and those who are not nec-
essarily at risk is critical. People with high levels of HDL
“could be spared a lot of grief,” notes Dr. Levy. And those
with higher levels of LDL could be given treatment designed
to match their level of risk.

Tests for HDL levels do exist. But they are not yet avail-
able for mass screening. Most physicians hope, however, that
within five years we will be able to pinpoint with far greater
accuracy those whose levels of cholesterol put them at
greater risk of coronary heart disease. They also envision the
possibility of controlling an individual’s level of HDL—of
raising it if necessary—with programs that are far simpler
and less unpleasant than the diets and drugs that are now
used to reduce general cholesterol levels. One note of warn-
ing, however: while moderate drinking seems to raise HDL
levels, it also has its share of unpleasant side effects. Two
drinks a day to reduce the odds of coronary heart disease can
result in damage to the liver and other forms of heart disease.

The most common ailment of the circulatory system is
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not coronary heart disease, but hypertension (high blood
pressure). Hypertension is also one of the most telling prog-
nosticators of impending coronary heart disease; it is, in fact,
a marker in itself. And researchers have discovered that it
may have an important genetic component.

In 1974, scientists at the Brookhaven National Labora-
tory in Upton, New York, succeeded in breeding two groups
of rats, one susceptible, the other resistant to hypertension.
Then they subjected both groups to psychological stress. The
rats with genetic susceptibility showed persistent elevations
in their blood pressure; the rats that were resistant did not.
The conclusion was that hypertension has a genetic compo-
nent, and that it can be brought on by psychic stress.

Although no accepted marker yet exists for predisposi-
tion to hypertension, the disease itself, as a marker for heart
and kidney failures and stroke, can be diagnosed. Further-
more, effective forms of treatment do exist; hypertension is
now relatively easy to bring under control.

Medical Futures

Genetic prophecy is best played as a game of averages.
The object is to consistently narrow the focus of attention, to
use markers that increase the accuracy of prediction as they
pinpoint those who are the most susceptible. In the case of
G-6-PD deficiency, for instance, the first, rough estimate of
those who may contract hemolytic anemia takes in the entire
population of Sardinia. From there, the focus begins to nar-
row. The second level of prediction is restricted to Sardinians
who come in contact with fava beans; the third is even more
defined, limited to Sardinians who eat the beans (or inhale
their pollen) and are saddled with the specific enzyme defi-
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ciency. The art of predicting who may be susceptible to
heart disease in the United States works the same way. The
largest group at risk is the American population; since over
40 million people suffer from heart disease at any one time
(out of a population of nearly 230 million), any one individ-
ual has a 20 percent chance of becoming ill. From that point,
the group becomes progressively smaller and the odds of ill-
ness increase. The risks are greater for smokers, for over-
welght smokers, for overweight smokers with high levels of
LDL, until, when all the factors are accounted for, the group
with the highest risk can be pinpointed. In the same way,
that small segment of the population with the genetic pro-
pensity for high levels of HDL is the focal point of resistance
to heart disease.

In the end, research into genetic markers is striving for
these major goals: to place multifaceted problems like heart
disease in the same perspective as such straightforward ge-
netic ailments as sickle-cell anemia; to increase the accuracy
of prediction to the point where a marker offers reliable in-
formation if the right environmental factors exist; and to
continue to narrow the size of the group that is the object of
prediction until it involves a population of one, you.

Genetic prophecy is in the cards, not in the twenty-first
century nor even in a decade or two, but now. Research is
progressing at a breathtaking pace; markers found in the
laboratory just months ago are already being introduced
into clinical practice. Those now in use go far beyond G-6-
PD; they apply to people in every environment, of every
race, in every occupation.

Genetic markers, of course, can take us only as far as the
inherent laws of genetics will allow. But the limits of those
laws are being stretched daily. Stripped of all its trappings,
the most important element of human genetics is its power of
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prediction. To the patient who asks, “Why me?” and the
physician who wonders, “Will this disease strike again?” ge-
netics offers answers. For genes can foretell the future; and it
is only a matter of time and technical skill before we under-
stand their language.

For medical treatment in general, the influence of genetic
markers will continue to grow. Every time we uncover the
genetic components of a particular disease, we take another
step toward learning to control it. As such, genetic prophecy
will help us to treat the causes, and not merely the symptoms,
of diseases that have resisted treatment in the past. In the
process, our systems of treatment will become more effective.

For individual patients, the prognosis is just as bright. By
predicting the possibility that disease might occur under
certain environmental conditions, genetic markers will make
it possible to prevent many diseases that, today, seem un-
treatable. If, for instance, someone knows that he is geneti-
cally predisposed to fatty deposits in his arteries, he might
well choose a life that avoids substances and stresses that in-
crease the chances of heart disease. And even if he suffers a
heart attack despite his precautions, the medical community
will have been forewarned about his susceptibility; the prob-
lem can be diagnosed in its earliest stages; and the treatment
can begin when his odds for survival are the greatest. As
such, genetic markers constitute a kind of early warning sys-
tem, a network of signals that can foresee impending danger,
offering the physician a chance to deal with a problem be-
fore it requires the drastic, destructive therapies that are
sometimes needed in the latter stages of disease.

For society, genetic markers can play a variety of roles.
Medical costs and insurance rates, so high because of the ex-
pense of extended hospital stays and the complex treatments
generated by new technology, may be slashed. Workers may
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be protected from chemicals that endanger them. The per-
centage of those who spend the last years of their lives as in-
valids—who, in essence, swell the ranks of the handicapped
after radical forms of surgery and therapy—may be drasti-
cally cut. And fetuses that have a propensity for a particular
disease may be treated even before they are born, while they
are still in the safe, protected environment of the womb.

In all these ways, genetic prophecy will offer a new and
better way of practicing medicine. As we learn how to use it,
we will begin to reduce our overdependence on high medical
technology, counting on prediction, prevention, and early
diagnosis as our first line of defense. We will recognize a
clearer concept of disease itself, as something waiting in our
genes, ready for the right trigger to spring it free. And we
will begin to work harder at staying healthy in the first place.

An old Chinese proverb states: “A poor doctor cures; a
good doctor prevents.” It is a proverb that medicine is taking
to heart, and genetic prophecy is helping to lead the way.



2. THE
ENEMY
CHANGES

It is much more important to know what kind of patient
has a disease than to know what kind of disease a patient
has.

CALEB PARRY
18th Century Physician from Bath

Thf: idea of preventing disease has been around
for a long time. But its acceptance into gen-
eral medical practice is a recent phenomenon.

Ever since the earliest beginnings of modern medicine in
the halcyon days of the Greeks, two different and opposite
concepts of disease have struggled for supremacy. The first,
known as the Platonic view, treats disease as something that
attacks healthy people more or less at random. As such, each
disease has a name and a separate identity. We expect those
who contract it to confirm to a set of recognizable character-
istics: pain in the chest, perhaps, a hacking cough, fever,
runny nose, sore throat, burning eyes. Medical students are
taught to look for specific groups of symptoms to diagnose a
disease. But they learn that the list they memorize represents
a “textbook case,” and not necessarily the medical portrait of
an actual patient. Real people, it turns out, usually manifest
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only parts of the list. In what is called a “mild common
cold,” for instance, the widely accepted Textbook of Medicine
notes that 97 percent (not all) of patients actually suffer
sneezing; 49 percent, feverishness; 43 percent, chills; 28 per-
cent, burning eyes and mucous membranes; and only 22
percent, muscle aches. In other words, that supposedly well-
defined entity, the cold, bears a striking stamp of individu-
ality, depending on who becomes sick.

The second concept, known as the Hippocratic view,
treats disease not as an external force but as a deviation from
the norm. In fact, those who subscribe to it try to avoid the
use of the term disease, preferring to refer only to sick people,
to those who have had trouble adapting to particular condi-
tions at a particular time. According to them, certain people
under cerlain conditions are unable to cope with an environ-
mental insult; their bodies simply cannot adjust. The result
is 1llness.

A few early physicians fought hard for the Hippocratic
concept of disease. In the tenth century, the Arabian physi-
cian Rhazes said of those disposed to smallpox and measles:
“Vulnerable bodies are generally such as are moist, pale, and
fleshy; the well coloured also, especially if they are ruddy
and tending to brown, are disposed to it, if they are loaded
with flesh. So are likewise those, which are frequently liable
to acute and continual fevers, to running of the eyes, red
pimples, and boils. . . .” He recognized that differences in
people could predispose some to disease and determine its se-
verity and character.

The Reign of Terror

Despite the observations of Rhazes and others, the Hip-
pocratic concept had few adherents. Most found good reason
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to ignore it. Until 80 years ago, when we began to learn how
to control infectious diseases, death nearly always seemed to
strike from outside the body. From the days of the earliest
cavemen, death was usually violent, caused by something
foreign; and disease seemed just as alien. The nineteenth
century painter Arnold Bocklin depicted The Plague as flying
into a village on the back of a serpent. Others described
death as an unwelcome and unexpected visitor, knocking on
its victims’ doors.

These concepts were not mere superstitions. They were
not simply founded on ignorance. Most illnesses and deaths
were, in fact, attributable to accidents or to agents of disease
which could be spread from person to person. Life and
health were constantly threatened by uncontrollable vio-
lence from without—by earthquakes and wars, by illnesses
and accidents. And if these dangers were not enough, man-
kind periodically faced devastating attacks from pestilential
diseases that took on the entire world.

In the year 541 A.D., 2 murderous epidemic, known as the
Plague of Justinian—the first wave of the Black Death—
reared its ugly head. It took hold and ruled the civilized
world for more than fifty years.

Procopius of Caesarea recorded what he saw then in
Constantinople: “During these times there was pestilence, by
which the whole human race came near to being annihilated
... It started from the Aegyptians who dwell in Pelusium.
Then it divided and moved in one direction towards Alex-
andria and the rest of Aegypt, and in the other it came to
Palestine on the border of Aegypt; and from there it spread
over the whole world, always moving forward and travelling
at times favorable to it. For it seemed to move by fixed ar-
rangement, and to tarry for a specified time in each coun-
try....” The perception that disease was an external evil was
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reinforced by Procopius’ observation that it was not uncom-
mon for those about to be inflicted to see demons. The
plague’s future victims would lock themselves in their houses
so that the agents of disease could not get at them. But such
visions were actually early signs of illness; for them it was too
late.

The plague reached Italy and France; by the end of the
sixth century, half the population of the Byzantine Empire
had perished. Procopius wrote that in Constantinople “the
tale of the dead reached five thousand each day, and again it
even came to ten thousand and still more than that.” Some-
how mankind survived.

In 1338, the Black Death reappeared in Central Asia.
Within a decade it had moved west to France and England.
On April 27, 1348, a cantor visiting France wrote to his
friends in Belgium: “To put the matter shortly . . . more than
a half of the people of Avignon are already dead. Within the
walls of the city there are now more than 7,000 houses shut
up; in there no one is living, and all who have inhabited
them are departed; the suburbs contain hardly any people at
all.”

The plague was vicious and insidious. It killed without
mercy, leaving so many dead that the streets were foul with
the smell of rotting bodies. It destroyed whole populations
until there was practically nobody left alive to spread the
disease. Then it would disappear, only to surface somewhere
else. Between 1350 and 1600, it materialized some thirty sep-
arate times in dozens of different places. And in 1655, it
roared down upon London in a massacre that is known
today as the Great Plague. The epidemic ravaged not only
that city but the neighboring villages as well. London began
to look like a ghost town as people fled. But no place was
safe. The villagers of Eyam, a nearby community, saw their
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numbers dwindle from 350 to only 30—a death rate of over
90 percent. Eyam’s preindustrial version of the Andromeda
strain most likely arrived from London in a box of contami-
nated clothing, for the town’s tailor, who had opened the
package, was the first to die. As the villagers started to fall 1ll,
some tried to flee, but they, too, died. The local rector, Rev-
erend William Mompesson, wrote in despair: “As each fam-
ily left the village seeking sanctuary from the plague, they
would carry with them, hidden in their baggage, among
their garments, upon their hands and lips, the invisible seeds
of disease. Sickness and death would travel with them, as
unseen companions, measuring their progress step by step.
Wherever they wandered, through whatever town or hamlet
they passed, in whatever house they sank to rest, the Black
Death would follow, like a terrible shadow.™

Plague was not the only horror then. Epidemics of chol-
era, smallpox, yellow fever, typhoid, diphtheria, malaria,
and countless other diseases also took their toll. Some even
competed for victims; diseases that appeared on the scene of
some other killer’s devastation faded quickly because so few
people had been left alive. Together, the epidemics reaf-
firmed the perception that disease was the result of external
forces that attacked and invaded helpless and hapless vic-
tims.

Controlling the Killers

The first scientific attempts to stem the tide took place in
the eighteenth century. In the 1790s, William Jenner, an
English physician, learned of a curious legend in folklore:
milkmaids who had been exposed to fluids from cowpox
ulcers rarely came down with the disease’s human form—
smallpox—even in the midst of severe epidemics.
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Jenner found cases in which he could confirm the legend.
Then, to test its validity, he took a healthy young boy named
James Phipps, scratched his arm with a needle, and rubbed
in some pus taken from a milkmaid’s sores. Two months
later, he inoculated Phipps with the real thing—pus from a
smallpox victim, enough to obliterate someone who was un-
protected. The boy showed no adverse effects whatsoever.

Jenner’s method of preventing smallpox spread quickly.
Thomas Jefferson vaccinated his family; physicians in India
tried to conduct wholesale vaccination of villages; and other
scientists in England struggled to refine the technique to in-
crease its effectiveness and safety.

Protection and prevention. The concept was brilliant,
but far from new. Shamans and witch doctors had always
used herbs and chants and the invocation of spirits to protect
their clients from disease. But now someone had uncovered a
chemical factor that could interact with the individual to
make him immune. That single discovery laid the founda-
tion for a scientific explanation. It pinpointed the impor-
tance of both the external agent (the disease) and the indi-
vidual’s physical state in the onset of illness.

Unfortunately, while people recognized the importance
of vaccination for a single disease, it took nearly a hundred
years before the principle of vaccination was used to combat
other infectious diseases as well. Not until Louis Pasteur and
[gnatius Semmelweis demonstrated how infectious agents
could cause disease did the science of prevention progress.

At the turn of the twentieth century, tuberculosis, syphi-
lis, typhoid fever, dysentery, whooping cough, diphtheria,
influenza, and diarrhea together still accounted for 647
deaths for every 100,000 people each year. Improvements in
sanitation, housing, nutrition, and medical care began to
slash that rate. By 1920, the number was down to 430; by
1940 it reached 147; and by 1959, only 41 people out of 100,-
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000 succumbed to those diseases. According to the Surgeon
General’s Report on Health Promotion and Disease Preven-
tion, if conditions today were equal to those existing in 1900,
we would have 400,000 deaths in the United States from tu-
berculosis, 300,000 from gastroenteritis, 80,000 from diph-
theria, and 55,000 from polio. Instead, the deaths from all
Sour combined total only 10,000.

Today, the once-great infectious killers are themselves
dying. On September 3, 1979, the World Health Organiza-
tion proclaimed smallpox to have been eradicated. Thanks
to both preventive and interventive methods, most infectious
diseases are now under control. It is unlikely that another
scourge such as the influenza pandemic of 1918, which
claimed 20 million lives, will ever sweep the world again.

To be sure, acts of prevention, such as smallpox vaccina-
tion and the killing of malarial mosquitoes, emphasized the
importance of the interaction between an agent of disease
and the individual. But our success in fighting infections
kept our attention focused on external “causes.” Whether
vaccination prevented a disease or antibiotic therapy cured
it, the target was still viewed as something external that
could be isolated, examined, characterized, and destroyed.

Because of its apparent simplicity, microbial infection
has remained a popular model for all disease. But that sim-
plicity is also the very reason why the Platonic view of dis-
ease fails as a model today. As Barton Childs, Professor of
Pediatrics at the Johns Hopkins School of Medicine, has
pointed out, in the Platonic view, “differences between cases
are perceived as variations on a single theme. But all our ex-
perience tells us that in fact diseases are not unitary in either
cause or expression.” In other words, the fact that the Pla-
tonic view is simple and easy to understand does not make it
right.
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Unfortunately, the Platonic view has been difficult to
shake. It has held on despite evidence confirming the mutual
importance of genes and environmental factors in disease. It
has remained a part of our medical philosophy even as the
great plagues of the past have been conquered, and is even
now reflected in the language we use to describe our most
important efforts to fight disease, our “war on cancer,” our
“battle against heart disease.” And it is reinforced by our
continuing desire to lay the blame elsewhere, to set up a rela-
tionship between ourselves and disease that portrays us as
the heroes in the white hats, as fighters pitted against forces
that can and will be overcome, given the right combination
of time, money, luck, skill, and effort.

But that attitude, which worked for diseases in the past,
is no longer good enough. Our enemy is changing. Now that
the proportion of acute, infectious diseases has dropped, our
most important medical problems are chronic, debilitating
diseases—heart disease, cancer, arthritis, diabetes—which,
together, cause 75 percent of all deaths in the United States.
To fight these diseases, medical professionals are being
forced to revise their way of thinking. They have had to
begin to discard their obsession with building a better
mousetrap for disease; now they are beginning to try to cre-
ate a more congenial mouse.

Physicians are slowly arriving at the conclusion and are
beginning to accept the Hippocratic view of disease, which is
flexible and complex. It emphasizes individuality and the
existence of multiple causes for an illness. And it demands
that medicine become aware of how closely those causes are
linked to each person’s biological individuality and way of
life.

In the Hippocratic concept, the causes of illness are not
harmful unless they are combined with an individual’s sus-
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ceptibility. The swine flu virus can exist happily for genera-
tions in unaffected herds of swine. But if it is transmitted to
humans, it triggers a dangerous illness. And the famous Ty-
phoid Mary spread the bacterial agent of typhoid fever to
countless others while remaining symptom-free herself; her
defenses could accommodate and adapt to any changes the
bacterium tried to produce.

The Hippocratic view has been buttressed by our grow-
ing recognition of the impacts that so-called genetic diseases
have on our lives. Consider these facts:

- According to the Department of Health and Human
Services, over 15 million Americans suffer from one or
more types of birth defects, 80 percent of which are
thought to be caused by genetic changes.

« Fifty percent of all miscarriages and at least 40 percent
of all infant deaths are attributed to genetic factors.

- As many as 30 percent of all pediatric and 10 percent
of all adult hospital admissions stem directly from ge-
netic disorders.

» Nearly 3,000 genetic diseases have already been identi-
fied and catalogued.

» The life-years lost to these diseases are estimated to be
six and a half times as many as those lost to heart dis-
ease.

Clearly, genetic diseases are, collectively, one of the big-
gest health headaches in this country today. But they merely
illuminate the more obvious effects of genes. Other, more
subtle effects crop up in every other disease as well. In fact,
from the Hippocratic point of view, health might best be de-
scribed as a balance in the delicate interplay between the
genes and the environment. A healthy body stays healthy if
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it can respond and adjust to changes in the environment; a
body becomes ill when environmental insults outstrip its
ability to react.

The Platonic disease model worked well enough for in-
fectious diseases, mainly because they are triggered by such
obvious environmental influences. But it cannot explain why
some people come down with chronic diseases while others
do not. And it is particularly useless in helping us under-
stand why chronic diseases occur; for they do not always in-
volve obvious external agents that are analogous to the
viruses and bacteria of infections. Decades of research have
gone into isolating the “causes” of cancer; viruses, radiation,
and chemicals have all been singled out as primary suspects.
But isolating a single cause has proved impossible; cancer
seldom strikes unless a combination of factors—both internal
and external—are present. Those who try to explain it
otherwise resemble the three blind men who, in trying to
picture an elephant after touching its various parts, each
comes up with a different description: the one who feels the
trunk describes the animal as long and flexible; the one who
feels the leg assumes that it is tubular and sturdy; the one of-
fered the tail believes it to be thin and pointed.

The medical establishment’s insistence upon holding to
the Platonic point of view has slowed our progress toward ar-
resting chronic diseases. After decades of research on diabe-
tes and hundreds of millions of dollars spent to isolate its
causes, a sugar test of the urine remains the best diagnostic
test, the daily injection of insulin, the best treatment for
more severe cases. After a war on cancer that has spanned
the terms of five Presidents, our success in conquering most
of its forms is still minimal. As a result, the public has be-
come disenchanted. The money it has poured into research
seems to have achieved few positive results.
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This dissatisfaction is now compounded by the soaring
costs of health care. Since 1960, the medical profession has
managed to increase the life spans of Americans by about
three years. A significant proportion of that number is due to
a 25 percent reduction in infant mortality. In the same pe-
riod, the nation’s total spending for health care has rocketed
from $27 billion to over $200 billion annually, an increase of
about 800 percent, and its proportion of the nation’s gross
national product has grown from about 5 percent to more
than 9 percent—or nearly $900 for every man, woman, and
child in the country. Today, health expenditures take 11
cents out of every federal dollar—money that is generally
funneled into attempts to treat disease and disability, rather
than to prevent them. Since chronic diseases tend to respond
poorly to treatment—and must be prevented to be
“cured”—the medical services offered to those who suffer
from them are often purely palliative, geared toward reduc-
ing pain, shoring up the body’s defenses, delaying death,
and, at times, prolonging personal agony. While these efforts
may be worthy of praise, they do not contain the answers. In
fact, they hardly touch on the crucial questions.

Sharing the Responsibility

One critical issue facing medicine today is the question of
whether its role in our health and well-being should be dras-
tically changed. Many theories exist as to why we live as long
as we do, and why we might not be able to live much longer,
no matter what the state of medical science. Until recently,
most researchers believed that advances in medicine would
continue to increase our life spans, accelerating the trend to-
ward an older, weaker population with a greater dependence
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on expensive health care. But now scientists are beginning to
believe that each of our cells contains a kind of biological
clock, a genetic timepiece that, after a set number of years,
simply runs down. The clock is thought to be controlled by
any number of factors: by mistakes in the translation of ge-
netic information which saddle the cell with defective pro-
teins; by the apparent ability of cells to divide only a limited
number of times before they die; by chemicals produced in
the body that seem to trigger the signs and symptoms of
aging. Most gerontologists subscribe to several of these
theories, believing that various factors all contribute to aging
and prevent us from becoming immortal.

Someday, perhaps, we may learn to rewind the clock (or
at least to slow its ticking) so that a measure of immortality
lies within our grasp. Until then, we are locked in to a lim-
ited life span, one past which few people live. The hypotheti-
cal upper limit for the average person is thought to be be-
tween 85 and 95 years old. And although there are those who
live beyond that (the longest recorded and verified life span
is 114, in Japan), that is the age to which most of us can real-
istically aspire.

There are already groups among our population who
come close to what seems to be the ideal in longevity. Cau-
casian women in the United States and other industrialized
Western civilizations have average life spans, at birth, of
over 76 years of age, which is within a decade of the lower
edge of the biological limit. And while other groups—
white men and racial minorities of both sexes—have lower
averages, we are all much closer to the theoretical limit
than we were, say, in 1900, when the average life span was
about 47.

As a result, while modern medicine can and will continue
to extend our life spans, its primary objective is slowly
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changing. If longevity is, indeed, limited, medicine’s objec-
tive must be to make those later years count, to offer us a
fuller, healthier existence as we grow older. Instead of simply
giving us quantity, it must deliver quality; instead of adding
years to our lives, it must concentrate on adding life to our
years.

This change is not just a matter of the emergence of ge-
netic prophecy, although the tools of prophecy certainly help
by allowing the medical profession to act before the onset of
illness, rather than by confining it to intervening in disease
only after it has already set in. It is, rather, due to the in-
creased emphasis on preventive medicine, the strengthening
of the belief that it is simpler, cheaper, and more effective to
stop disease from occurring than to combat it once it breaks
out. Originating in a small medical circle, the move toward
prevention has been buttressed by a general movement to-
ward medical responsibility. “More people are taking re-
sponsibility for improving their health,” says Gretchen
Kolsrud of the U. S. Congress’ Office of Technology Assess-
ment. “Physical exercise is on the rise and people are learn-
ing how to manage such potentially dangerous factors as
stress in their lives. We seem to be trusting less in others or in
fate and looking more to ourselves.”

The apparent inability of medicine to respond to the
change is collaborating with this new awareness to help
begin what may, in the future, amount to a health revolu-
tion. The public’s impatience is making itself felt. Physicians
are being pulled from their pedestals. Their advice is no
longer always accepted as infallible. Their new patients are
less passive, more curious, involved, informed. Gradually,
people are beginning to accept the burden of preserving
health by exercising, eating more carefully, and discussing
the state of the environment with an eye toward its possible
effects on them. In larger numbers, they are pushing for the
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promotion of health, rather than the treatment of disease.
No-smoking areas in restaurants and airplanes and the 20
million Americans who claim membership in one or more
environmental groups attest to this powerful change; so does
the recent founding of the Federal Office of Health Promo-
tion and Disease Prevention within the National Institute of
Medicine; so do the books, conferences, seminars, and
courses that are dedicated to health education, all trying to
increase people’s understanding of where their own long-
range interests lie and to give them an incentive to work
harder to stay healthy. And so do the efforts of millions of
people who are conforming to their bodies’ requirements by
changing their patterns of living whenever they are clearly
harmful.

We are experiencing a growth in the emphasis on the
personal, relative value of each person’s state of well-being.
We are witnessing the emergence of the “it-works-for-me”
philosophy, as individuals begin to seek the facts about
health as it relates to them and learn to respond to those dis-
coveries.

The trend is surfacing on the professional side of medi-
cine as well. Older medical disciplines that emphasized cures
are now supported by a dozen newer ones, such as predic-
tive, constitutional, and orthomolecular medicine, all of
which tailor their efforts to the individual, and public and
environmental health, which work toward the well-being of
populations. Even psychiatrists are coming around to a more
holistic, balanced view of what constitutes health.

Nevertheless, the changes, while broad, are proceeding
very slowly. The idea of working constantly to maintain
health (rather than reacting to reinstate it) is difficult for a
society accustomed to the “quick-fix” to accept. As a result,
even as we inch toward our theoretically ideal life spans of
about 90, altogether too many people still die after pro-
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longed suffering and years of dramatically decreased physi-
cal activity, after undergoing the psychologically debilitat-
ing switch from playing an active, contributory role in so-
ciety to accepting a passive, disabled existence. Unless our
view of the role of medicine changes more quickly, many of
us will suffer similar fates.

Clearly, the solutions that science has worked out for the
killers of the past are no longer the answer. Chronic diseases
tend to accumulate their environmental insults over our en-
tire lives: Plaque in our arteries does not form overnight;
most types of arthritis do not develop in a week; and cancer
often appears to develop only after someone has been ex-
posed many times to small quantities of carcinogenic agents.
Intervening in the course of full-blown diseases like these
cannot easily reverse the degenerative processes that often
develop over a period of years.

But if prevention is so obviously the preferred route for
better health, why are we having so much trouble incor-
porating it into our lives? Why is it so difficult for us to ac-
cept a course of medicine that would lower medical costs,
shorten hospital stays, and provide a better quality of health
care and health for most citizens? The answer can be found
at both ends of the health care system—in the actions of
both the providers of care and the recipients.

The providers—our physicians—have been taught to
think in terms of treating existing diseases, of rectifying dam-
age that has already occurred. The infectious model of dis-
ease that they learned in medical school was based in the as-
sumption that most diseases are acute—and that acute
problems require acute care.

Their task has not been made any easier by society’s atti-
tudes. People generally consult physicians only when sick-
ness or disability has already struck. As a result, physicians’
roles are often defined by the requests made of them; they
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have always been expected to respond to a problem after the
fact.

This attitude has been encouraged by our system of med-
ical education. Medicine’s role was to cure disease, and stu-
dents were taught to do just that. Until recently, courses that
could help reorient medical students’ thinking were seldom
included in the medical curriculum. Chief among these is
the subject of human genetics. In a survey of 103 American
medical schools, Barton Childs and his colleagues found that
more than a quarter still do not require courses in genetics;
and those schools that do vary considerably in the time they
devote to the subject—from 6 to 54 hours over a four-year
period. Furthermore, less than half the medical schools sur-
veyed offered one or more courses in genetics in their contin-
uing education programs, which makes it difficult for prac-
ticing physicians to learn of developments in the field. Stll,
at least the schools are moving in the right direction. Just a
decade ago, the number of schools with mandatory genetics
courses was only two-thirds of what it is today.

The burden, however, does not rest solely on physicians.
For every person who works hard to stay healthy, several
make no effort at all. Most smokers, for instance, recognize
the destructive nature of their habits. They see the flat state-
ment, “Warning: The Surgeon General Has Determined
That Cigarette Smoking Is Dangerous To Your Health,”
every time they pull out a pack. They have heard the statis-
tics of the suffering smoking can cause. And yet, knowing the
odds against them, they continue to smoke. Why? Because
many rationalize that statistics are nothing more than num-
bers. Out of 53 million smokers in this country, only 90,-
000—two-tenths of 1 percent—get lung cancer each year.
Smokers look at these odds and say with some conviction, it
won’l happen to me.

There are two points of view about that attitude. The
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first, expressed by a substantial chunk of the medical com-
munity, goes like this: *““They’ll never quit. People who still
smoke are simply unwilling or unable to face the facts. They
will find a way to explain away their habit no matter what
the odds.”

The second point of view takes into account the potential
of genetic prophecy. It assumes that the difference between
those who continue to smoke and those who quit is, in many
cases, simply a question of tolerance, a threshold which
either has or has not been reached. For those who have
stopped smoking, the health equation has tipped in the di-
rection of safety. For at least some of those who haven’t, the
odds of illness still seem remote. To them, the risk of con-
tracting a chronic illness is not yet as powerful a message as
the need for a cigarette. And they will continue to smoke
until the balance shifts.

Genetic markers for lung cancer, bladder cancer, emphy-
sema, and heart disease could change that equation. They
could, in effect, point a finger, singling out those who face
the greatest risk. They could personalize those statistics, until
the vague numerical value of two-tenths of one percent be-
comes: You, you, and you.

A Question of Risk

With prophecy, statistics take on new meaning. Esti-
mates based on the personal probability of harm allow each of
us to decide what the numbers mean to us, and not merely to

the population at large.
Nevertheless, it is almost impossible to understand what

some of the numbers really imply. Try, for instance, to visu-
alize the import of one chance in ten thousand. And the
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larger the number gets, the more meaningless it becomes.
But if we take those numbers and speak of them in ordinary
terms, they become more understandable: Your odds of flip-
ping a coin once and getting heads are one in two. Your odds
of flipping a coin seven times and getting seven straight
heads are less than one in a hundred.

The risks of contracting a disease fall into a similar pat-
tern. Suppose you are asked to select one marble—your
chance of getting ill—from a bowl full of marbles. Those sig-
nifying illness are black; the others are white. If your odds of
becoming ill are one in one hundred, you would have set be-
fore you a bowl with 99 white marbles and a single black
one.

If genetic factors were uniformly distributed throughout
the population—that is, if everyone had the same chance of
contracting a disease—each person would receive the same
ratio of black and white marbles. But genetic factors create
different risks for different people, and each of our bowls
contains a different ratio. Our willingness to play this partic-
ular game might change if we were handed, say, a bowl with
fifty black and fifty white marbles instead of one with only a
single black.

Then again, perhaps it would not. We are always taking
risks, even though we are constantly trying to improve the
odds for our survival. Every time we get in a car, we are
making a small decision to risk the chance of an accident in
exchange for the benefits of getting where we are going more
quickly. We know that the brakes might fail, the tires might
blow, the axle might shatter. Yet we drive anyway, because
the certain benefits of using the car outweigh the possible
hazards. But what if the possible becomes probable? Will we
drive off as readily in a car with bald tires, or one that leaks
brake fluid?
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So it is with genetic information in medicine. We have an
opportunity to learn something more about what we are
risking and what the trade-offs are going to be. We can learn
whether the odds are against us or in our favor. And we can
acknowledge that, in terms of susceptibility, some of us are
more equal, and better off, than others. The decision 1s still
ours to make. But now it can be made with new information.
Genetic prophecy can help tell us what we might safely
enjoy and what we might want to avoid.

Prevention—The Ultimate Cure

Prevention is a long-term commitment that requires con-
stant vigilance. It is more difficult to practice than therapeu-
tic medicine, mainly because while therapy is less effective
and more costly, it takes no effort in our day-to-day lives.

These two opposing views of health represent a conflict
between living for the present and securing some small guar-
antee for the future. For most people, it is easier to live for
today—a view reflected in the often quoted ancient Epicu-
rean philosophy: “Eat, drink, and be merry, for tomorrow we
die.” The problem with pursuing that line of thinking is that
it is, essentially, a self-fulfilling prophecy. Refusing to take
reasonable precautions in the face of obvious dangers simply
makes the consequences that much more probable.

Trying to prevent disease before it occurs is like taking
out insurance; it entails making small sacrifices today to in-
crease the odds of protection in the future. As always, insur-
ance costs. If it requires that you eat an apple a day—or
swallow a vitamin or avoid tropical climates in midsum-
mer—its sacrifices may be simple to accept. But if it de-
mands wholesale changes in a style of living, agreeing to the
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insurance offered by genetic prophecy becomes a matter of
evaluating a trade-off, on deciding whether or not the sacri-
fices of today are worth the relief promised in the future. If
the rewards seem large, agreeing to some deprivation is eas-
ier. If they are small, abstaining from something enjoyable
becomes that much more difficult.

Genes help define what is at stake by determining who in
the population is at greatest risk and who will suffer less
under specific environmental conditions. Along with the
other elements that enhance or reduce our susceptibility and
resistance to certain diseases—factors like age, nutrition, and
lifestyle—genes provide the foundations for a formidable
medical arsenal that improves the accuracy of our ability to
predict, for each individual, the chances of becoming ill. In-
deed, they are potential tools for the insurance industry,
among others, since predicting life expectancy and illness—
and determining insurance rates on the basis of those pre-
dictions—is the key to that industry’s success.

Together, prevention and prophecy comprise a critical
element in our medical future. As we begin to recognize the
changes in the nature of the diseases we face, and as we as-
sume more active responsibility for maintaining our states of
health, we are learning to control the factors that predispose
us to illness and to design better approaches to prevention.
Prevention acts as a catalyst for prophecy; and prophecy en-
hances our ability to prevent. Or, as Barton Childs has
pointed out: “Little by little, a fundamental question in
medicine will take on a new form. Instead of asking, ‘What is
the cause of such and such a disease and how do we treat it?’
we will ask, ‘What are the reasons why this person has such
and such a disease, or is predisposed to it, and how can we
treat him or help him to manage his life so as to avoid it?””
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In the fields of observation, chance favors only the mind
that is prepared. Louls PASTEUR

bout twenty years ago, Frank Lilly, then a

researcher at Memorial Sloan-Kettering

Cancer Center in New York City, sat in his laboratory wait-

ing for two strains of mice to mate. One strain—a speckled

brown mouse called C3H—was extremely susceptible to a

virus that causes mouse leukemia. The other strain—a C57

black mouse—was resistant to the same virus. Lilly had de-

signed an experiment to uncover the essential difference be-

tween the two strains, the difference that protected one from
the disease and made the other vulnerable.

The trail leading to Lilly’s laboratory was loaded with
coincidence. It began in the 1930s, when Peter Gorer, a re-
searcher at Guy’s Hospital in London, England, set out to
find the mouse equivalents of the ABO blood groups that
were known to exist in humans. Groups as basic as those
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would probably exist in all mammals, Gorer reasoned. And
if mice turned up with similar groups, experiments that
could not be performed on human beings could be at-
tempted with them.

During his experiments, Gorer came across a previously
undiscovered system of mouse antigens—tiny molecules that
sit on the surface of cells, governing the production of anti-
bodies, the proteins that help the body fight disease. He
named it the H2 system, and promptly found that, since he
had no way to evaluate the H2 system’s significance, his dis-
covery was greeted with nearly universal apathy.

The H2 system remained mired in obscurity for decades.
And then, by chance, a clue surfaced in a seemingly unre-
lated body of research. Ludwik Gross, a scientist at the Vet-
eran’s Hospital in New York, had been searching for the
cause of leukemia in mice. In 1957, he found one: a tiny
squiggle of DNA wrapped in a protein coat, a virus that in-
fected the cells of mouse bone marrow and triggered the dis-
ease. Gross knew nothing of the H2 system; genetics was not
his field. But his published findings included a list of the
strains of mice he had used in his experiments. In England,
Peter Gorer read Gross’ article. He noted a strange circum-
stance: Each of the four strains that Gross had used in his
leukemia experiments carried the same H2 type, the same
H2 antigen out of a possible list of dozens. Was it, he won-
dered, mere coincidence? Or could it be more, an indication
that the H2 system had some effect upon the occurrence of
leukemia?

Gorer died before he could satisfy his curiosity, but he
had passed his idea on to others. And so, in a quiet labora-
tory in the middle of New York City, Frank Lilly was wait-
ing for an answer.

The experiment Lilly had designed was simple. The two
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strains of mice he had selected—the speckled brown and the
black—had been inbred through scores of generations until
nearly all their heterogeneous traits had been erased. For all
practical purposes, both strains were genetically pure, with
each mouse virtually identical to all the others in its strain.
The speckled brown mice all carried the same H2 antigen
that the mice in Gross’ leukemia tests had carried; the black
mice did not. Lilly crossbred the two strains. Then he took
the progenies and mated them again, this time with the orig-
inal parent strains. As the new litters of between five and fif-
teen mice were born, he injected every baby mouse with the
mouse leukemia virus. A month later he drew blood from
each mouse to test for the presence or absence of the H2 anti-
gen. A month after that, he checked them all to determine
which had contracted leukemia.

The results were just what Peter Gorer had guessed. Each
mouse had one of the two different H2 antigens originally
carried by the two different strains. But 95 percent of the
mice carrying the same H2 antigen as the mice in Gross’
strains contracted leukemia; and only 50 percent of the
others came down with the disease.

To check his findings, Lilly performed the same experi-
ment, checking the other known differences (such as color)
between the two strains. Not a single one showed any corre-
lation with the incidence of leukemia.

It was an extraordinary finding. For the first time, sci-
ence had come up with a mechanism for pinpointing which
animals were susceptible to a type of cancer and which were
not, and the marker of susceptibility turned out to be geneti-
cally controlled. Lilly, now chairman of the Department of
Genetics at the Albert Einstein College of Medicine in the
Bronx, described the quality of the moment: “It was a small
revelation. Until then, we knew only two things about the
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H2 system: that it governed molecules that appeared on cell
surfaces, and that it was very complex. Now we had learned
that, in some way, the H2 system was important as well.”

A finding like that might sound minor, but it is not. Basic
scientific investigation is fueled by just these kinds of discov-
eries. For although science purports to search for a basic
physical understanding of things, it is not some mindless au-
tomaton, marching ever onward toward the truth. It is con-
ducted by people; it is paid for by people; and people make
the decisions about what kinds of research should be done.
At times, the politics that go into scientific decision making
are all-important. That the H2 system was complicated and
interesting was not enough to grab people’s attention; that
the system might be an important element in triggering dis-
ease, and might generate expensive, revelatory research proj-
ects, was. Partly because of Lilly’s findings, some geneticists
intensified their studies of the H2 system in mice, while
others turned their attention to its counterpart, the HLA
(human leukocyte antigen) system in humans.

HLA antigens were studied originally because of their
importance in the surgical transplantation of organs from
person to person. In the early 1960s, scientists discovered
that the antigens were a critical element in the body’s deci-
sion to accept or reject a new kidney or heart in the delicate
period just after surgery. The first HLA antigen was discov-
ered in 1958 by Jean Dausset of France. By 1967, only five
others had been isolated. But as their scientific importance
and clinical significance increased, the discoveries multi-
plied. In 1970, the number had reached eleven; some 10
years later, the count stood at 92.

The antigens themselves constitute a kind of biological
signature for the body, a group of molecules that makes it
possible to distinguish one individual from another on the
cellular level. They are the direct products of a tiny group of
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genes found on chromosome number six in every human cell.
After they are produced, they take up residence on the cell’s
surface. There they function as an important part of the
body’s identification system, a set of highly visible I.D. cards
that are carried by virtually every cell in the body.

The system of identification is one of the most crucial
elements in the body’s defense against disease. The system
has two main components: First, the white blood cells are
armies of microscopic soldiers that circulate constantly
through the blood vessels and attack and destroy anything
they cannot recognize as belonging to the body. Next come
tiny molecules, called antibodies, that attach themselves to
any cell not carrying the proper identification, marking it as
something that the immune system should destroy. White
blood cells and antibodies check the identification of every
cell they find. Together, they form a highly efficient moni-
toring system that makes it difficult for foreign material to
enter the body and disrupt its function. They defend the
body against invasion and infection by everything from bac-
teria and viruses to fungi.

The HLA antigens identify the cells on which they sit as
card-carrying members that belong in the body. That is why
those cells are left alone. Except in the most unusual and
self-destructive circumstances, the immune system is scrupu-
lous in avoiding acts of violence against the body’s own cells.

HLA antigens come in a variety of shapes and sizes. They
are divided into five separate and distinct sets (A, B, C, D,
and DR); each of us inherits a total of ten antigens from our
parents: two from each set, one per set from each parent. We
therefore can end up with as many as ten different antigens,
although within any one set, the two antigens can be identi-
cal if both parents happen to pass on the same one.

Scientists have not yet worked out mathematically the
number of possible combinations of antigens there might be,
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Foreign cells

2. The HLA system. HLA antigens confer a singular pattern of identi-
fication used by the body’s immune system. (A) Each parent donates
five HLA antigens—one from each of the five groups—to a child. (B)
The white blood cells, part of the immune system, identify body cells by
their HLA types and leave them alone. (C) White blood cells recognize
the foreign nature of cells without the correct HLA type and attack
them.
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mainly because they are not certain that they have managed
to identify all the antigens. But the 92 that have already
been discovered offer an astonishing degree of variety: When
all the combinations among the five sets of antigens are mul-
tiplied together, the total number of possible permutations
reaches into the hundreds of millions. Mathematically, it is
unlikely that any one person on earth is identical in his or
her HLA type to more than a dozen or so people. (Because
they carry the same sets of chromosomes, identical twins
have identical sets of antigens. That is why transplantation
between them seldom results in the recipient rejecting the
new organ. For those of us who were born without a readily
avallable set of spare parts, surgeons rely on tests of HLA
type to locate people with donor organs that match the type
of the recipient as closely as possible.)

The Coming of HLA

As research into the HLA system continues, its impact on
medical practice increases. Already it has managed to make
transplantation surgery simpler and safer. In the future, we
may learn to manipulate the body’s immune system so that
its normal response to tissue that it recognizes as foreign can
be suppressed, and transplants can become easier still. We
may also learn how epidemics begin, and why one person
may have the ability to identify a bacterial or viral invasion
and fight it while another does not.

But perhaps more important, the nature of HLA anti-
gens as the body’s I.D. cards offers us the opportunity to un-
cover our personal susceptibility and resistance to scores of

diseases.
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The possibilities were clear from the beginning. When
HLA antigens were first discovered and were found to be the
human counterparts of H2 antigens in mice, researchers
began to scour populations for correlations between HLA
antigens and disease that were similar to those discovered in
mice. In France, for instance, people with leukemia were
HLA-typed in an experiment to find the human analogue to
Ludwik Gross’ mouse antigen. But the results were generally
negative. Only a decade ago, Jean Dausset could still confess
that there was still no “convincing evidence for a correlation
between the HLA system and susceptibility to disease in
man.”

Nevertheless, as the art of surgical transplantation
spread, physicians continued to test for HLA types. Time
after time, they found specific HLA correlations to specific
diseases. They published their discoveries, and the momen-
tum began to build. Investigators began again to examine
the HLA types of entire populations of patients, all with the
same disease. And this time they found correlations. The
early ones were weak. But spurred on by animal studies that
implied a powerful link between HLA and disease, they kept
trying. They based their studies on two premises: If an anti-
gen appeared more frequently in a disease group than in the
general population, it quite possibly meant that someone
with that antigen was more likely to contract the disease
than someone without it; conversely, if an antigen appeared
less frequently, those carrying it might actually be more re-
sistant than others. In 1970, the first significant correlation
had been confirmed: A link was discovered between HLA
and Hodgkin’s disease, or cancer of the lymphatic system.

In recent years, activity in the field has run riot, with dra-
matic successes and still more important promises for the fu-
ture. Today, HLA antigens are accepted as genetic markers
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for more than eighty different diseases, with tens more being
discovered every year (Table 1).

Perhaps the most significant HLA association yet discov-
ered exists between an antigen from the B group (called
HLA-B27) and ankylosing spondylitis, an arthritic condition
of the spine, also called “bamboo spine” because of the char-
acteristic look of the vertebrae after they have begun to fuse.
Ankylosing spondylitis and HLA-B27 also offer a perfect ex-
ample of how a genetic marker can be used to predict predis-
position to a disease even when the correlation between dis-
ease and marker is not completely understood.

Consider these facts:

« Ankylosing spondylitis occurs in about 0.4 percent of
the population, or about one million Americans,
mostly young men.

« HLA-B27 appears in about 8 percent of the general
population.

« HLA-B27 also appears in an astonishing 95 percent of
those who come down with ankylosing spondylitis.

« About one out of every sixteen people with HLA-B27
comes down with the disease. If the figures are re-
stricted to young men instead of the entire population,
the ratio drops to about one in four.

Studies have shown that someone who carries the HLA-B27
antigen is as much as 175 times more likely to develop the
disease than someone without it, an enormous increase in
risk. The correlation between the antigen and the disease ex-
plains, among other things, why so few African blacks come
down with ankylosing spondylitis, since the B27 antigen
rarely appears in that population.

Until recently, however, researchers had not been able to
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TABLE 1
DISEASES ASSOCIATED WITH HLA GENETIC
MARKERS

You Are More Likely To Get:

Allergies
Hay fever (ragweed pollenosis)
Asthma

Hypersensitivity pneumonitis
(sensitivity to inhaled organic
dust)

Cardiovascular Diseases
Hypertension
Coronary artery disease

Arterial occlusive disease
(thromboangitis obliterans)
Takayasu's disease (pulseless

disease)

Mitral valve prolapse

Immune System Diseases
Primary immunodeficiency dis-
eases (difficulties in mounting
an immune response)

Ataxia telangiectasia (eye and
skin disorders; abnormal bal-
ance)

Connective Tissue
Disorders
Systemic lupus erythematosus
Sjogren’s syndrome (a combina-
tion of arthritis and absence
of tears)

Dermatology
Psoriasis vulgaris
Dermatitis herpetiformis (skin
disorder frequently associated
with degeneration of parts of
bowel)

If You Have These HLA Anti-
gens:

A1-B8, A2-B12
Bw6, A1-B8
B40

Bi18
Bw21

A9, B40

B5, B40
Bw35-A3

A2

B17

B8

B8, B37

B13, B17, B37, Bw16, Cw6

B8, Dw3
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Pemphigus vulgaris (scaling skin
disorder)

Keloids and thick scarring
Recurrent oral ulcerations

Behget's disease (chronic, re-
lapsing oral and genital ulcera-
tions, arthritis, etc.)

Atopic dermatitis

Endocrinology
Juvenile diabetes mellitus

Thyrotoxicosis (Graves' disease;
disease of the thyroid gland)

Subacute thyroiditis (inflamma-
tion of the thyroid gland)

Addison’'s disease of unknown
origin (disease of adrenal
glands leading to disorders of
mineral balance)

Adrenal gland hyperfunctioning

Gastroenterology

Chronic active hepatitis

Carriers of hepatitis virus parti-
cles

Biliary cirrhosis

Alcohol liver disease (with cirrho-
5is)

Hemochromatosis (abnormally
high iron levels leading to skin
pigmentation, enlarged liver,
heart failure, etc.)

Chronic pancreatitis

Cystic fibrosis

Gluten-sensitive enteropathy (in-
jury to the gut from ingestion of
a food protein, gluten)

Acute appendicitis

Pernicious anemia

Infectious Diseases and
Responses to Immunization

Recurrent infection with herpes
virus

Infectious mononucleosis

A10
B14, Bw16
A2-B12

BS
A3, A9, Bw35

B8, B15
B8

Bw35

B8
A1, B8

B8

Bw41
B15, Bw35

B8

A3
A1, Bw40
B5-B18

B8
B12
BV

Al
A10
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Meningitis and epiglottitis from
hemophilus influenza infection

Hypersensitivity to  mumps,
staphylococcus, and candida

Leprosy
Urethritis from gonorrhea
Low vaccination response to

smallpox (vaccinia inocula-
tion)
Malignancy

Testicular teratocarcinoma
(cancer of testes)

Aplastic anemia

Carcinoma of the cervix
Carcinoma of the kidney
Carcinoma of the rectum

Bladder cancer (transitional cell
carcinoma)

Hodgkin's disease

Neurology and Psychiatry
Multiple sclerosis

Optic neuritis (inflammation of
the optic nerve)

Myasthenia gravis

Motor neuron disease (degen-
eration of nerves in certain
parts of the brain stem and spi-
nal cord)

Paralytic dementia (insanity) fol-
lowing syphilis

Schizophrenia and manic de-
pressive disorders
Ophthalmologic Diseases
Acute anterior uveitis
Primary open angle glaucoma
Ocular histoplasmosis (fungal in-
fection of the eye)
Pulmonary Diseases
Asbestosis
Farmer's lung

B17, A28

Familial
Familial
A29

Cw3

Dw7
B12
B15
B17
A9

B5, Cw4
Al

BY, Dw2

Dw?2
B&

A2, A28
B18

B17, A28

B27
B12, BY

B7, DRw2

B27
B8
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Renal Diseases
Polycystic kidney disease

Nephrotic syndrome (steroid-re-
sponsive; protein in urine, gen-
eralized edema)

Vesicoureteric reflux (reversed
flow of urine from bladder,
leading to infection)

Analgesic abuse nephropathy
(kidney damage from analge-
sic abuse)

Glomerulonephritis after strepto-
coccal infection

Familial renal cell carcinoma

Rheumatology
Ankylosing spondylitis
Reiter's disease

Postinfectious arthropathies
(joint inflammations after in-

fections)

Psaoriatic arthritis (psoriasis ap-
pearing in 5-10% of patients
with arthritis)

Juvenile chronic polyarthritis
Frozen shoulder (or periarthritis
of shoulder)
Miscellaneous Diseases

Hereditary hemorrhagic telan-
giectasia

Preeclampsia

Normotensive hypertrophic car-
diomyopathy

Of Mice and Men

BS

Bi12

A3

A3

Awi19, B12
Familial

B27
B27

B27

B27, B13, Bx17, Bw38
B27

B27

Familial
Al

B12 (Caucasians)
BS (blacks)

put together a comprehensive set of factors that triggered
diseases like ankylosing spondylitis—that is, a list of the en-
vironmental and the genetic components that, together,
could cause disease. But now, thanks to some dogged detec-
tive work, some of those mysteries are being solved.
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In 1962, the cruiser U.S.S. Little Rock was on a tour of the
Far East. At its final port of call, six months before it was to
return to the United States, the crew decided to hold a pic-
nic.

Because infectious diseases were endemic throughout the
Orient, the kitchen staff took elaborate precautions with the
foods being served. They carefully wrapped and preserved
the meats, washed the vegetables thoroughly, and sliced the
bread only as it was being served.

Within a few hours of the picnic, the ship weighed an-
chor. Eighteen hours later, as case after case of dysentery
came stumbling into the infirmary, it became clear that all
was not well.

A little digging by the medical staff uncovered what had
happened. Despite the kitchen’s precautions, two cooks had
already come down with dysentery some hours before the
picnic. Because they did not want to be hospitalized and lose
their promised shore leave, they concealed their illnesses. In-
stead, as they continued to prepare the food, they made
quick dashes to the bathroom. They were so concerned
about being caught that they didn’t even stop to wash their
hands.

Within a few days, 602 of the crew of 1,276 (almost half)
had come down with the disease. And while nobody became
critically ill, within two weeks ten out of the 600 had con-
tracted Reiter’s syndrome, an uncommon type of arthritis
that occurs in conjunction with inflammation of the eyes and
urethra.

The appearance of so many cases at once had to be more
than coincidence. The Navy reported an average of 36 cases of
Reiter’s syndrome every year among its population of about
904,000. At that rate, the U.S.S. Little Rock should have had
one case every two years. The odds of ten cases appearing in
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sixteen days by chance were calculated at 4.1 X 10°® to
one—an astronomical figure. The only thing the men had in
common was the picnic. The obvious conclusion was that
the bacteria involved—Shigella—somehow triggered the
onset of the arthritis.

These findings were duly reported and forgotten until a
decade later, when two Stanford University immunogeneti-
cists, Andrei Calin and James Fries, began to wonder exactly
what it was that caused only those ten to come down with
arthritis while sparing the other 592. By then it was known
that HLA-B27—the same antigen that is linked to ankylos-
ing spondylitis—had some connection with Reiter’s syn-
drome. Calin and Fries were curious: Could the men who
came down with arthritis have had a predisposing genetic
factor?

Information on the whereabouts of the Little Rock’s crew
was elther classified or not available, so Calin and Fries had
to track them down, one by one. Ultimately they found eight
of the ten who had developed Reiter’s syndrome. When they
tested each man’s blood for HLA antigens, they discovered
that seven of the eight carried the B27 antigen. Furthermore,
the one man who did not carry the B27 antigen had had the
mildest symptoms and was now, thirteen years later, symp-
tom-free; all the others were still suffering from arthritis in
their knees, ankles, and wrists, blurred vision (and, in one
case, blindness in one eye), and chronic urethritis.

Clearly, the onset of bacterial dysentery had led to
arthritis among those with the B27 antigen. An infection
with no obvious resemblance to the chronic disease that fol-
lowed had, in some way, triggered the disease. The propen-
sity for arthritis was somehow activated by the appearance

of the bacterial infection.
The case of the U.S.S. Little Rock led Fries and Calin to
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several conclusions. They pointed out the near certainty that
HLA-B27 and bacterial dysentery are both instrumental in
the onset of Reiter’s syndrome. But because not every sailor
with B27 and dysentery came down with arthritis (they cal-
culated that 24 to 42 members of the crew had had both),
and because one sailor without B27 did, other genetic factors
must also be involved. Since then, the search for those other
factors has continued.

HLA and Prediction

Knowing that somebody is at risk for a disease is, of
course, not the same thing as making a firm diagnosis ahead
of time. Although someone with HLA-B27 and bacterial
dysentery seems to have about one chance in three of con-
tracting certain kinds of arthritis, a physician might find it
difficult to warn a patient before the disease strikes, espe-
cially if the problem in question is one that he cannot do
anything about. Furthermore, a disease like ankylosing
spondylitis cannot, and should not, be diagnosed without an
x-ray that confirms the existence of the characteristic bony
deformities of the vertebrae. As a result, some physicians
maintain that the presence or absence of HLA-B27 is mean-
ingless for determining whether or not a disease will occur in
any one patient; while it might give a strong clue as to who is
at risk, the antigen alone does not signal the onset of disease.
Unless the entire complex of factors surrounding the disease
is known, they claim, the presence of the antigen is a mere
statistical marker. Using it as a genetic marker might cause
certain people to be classified as “B27 cripples,” even when
nobody can say for certain that they will become ill.

That claim, as far as it goes, is accurate. Until all the en-
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vironmental and genetic factors that blend to trigger anky-
losing spondylitis are discovered, an accurate, confirmed
diagnosis can only be made when the disease is present. But
the claim ignores two critical areas of medical practice that
might be affected by the marker: Those at risk might be
monitored more closely, so that the onset of the disease can
be discovered earlier; and the marker might have other, un-
foreseen uses beyond the mere diagnosis of disease.

One such use has already been found. Stanley Hoppen-
feld, an orthopedic surgeon at Albert Einstein College of
Medicine who specializes in scoliosis—the lateral curvature
of the spine—came across a young male patient who had
both scoliosis and the B27 antigen. The presence of the anti-
gen gave him the chance to try an entirely new and natural
course of treatment.

Today, scoliosis can be treated in two basic ways: by a
massive surgical procedure that fuses up to 17 of the 28 spi-
nal vertebrae; and by bracing, in which the patient stays
strapped into a Rube Goldberg contraption day and night
from the time the diagnosis is made until spinal growth has
stopped at about age 16. For this particular patient, how-
ever, bracing was not an option; he was 21—his spinal
growth had ended years before. And his curve was getting
worse.

The B27 antigen, however, provided a third option.
Hoppenfeld braced the patient anyway, hoping that the
HLA antigen signaled the possibility that ankylosing spon-
dylitis—the natural fusing of the spine—would develop. If it
didn’t, he reasoned, the bracing would, at the very least,
prevent the curve from getting worse; and he would still
have the option of operating to fuse the spine artificially at a

later date.
As the months passed, it became clear that Hoppenfeld’s
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analysis had been correct. Within a year, the patient’s spine
had begun to fuse. Within 18 months the fusion was so
strong that the brace could be removed. Hoppenfeld never
had to operate. An expensive, painful, sometimes dangerous
surgical procedure had been avoided. And a genetic marker
had paved the way.

The link between ankylosing spondylitis and HLA-B27 is
only one of the many connections that have been discovered
between HLA and disease. Among the more important:

» Dermatologists have established that one common
form of psoriasis is found about five times more fre-
quently in people carrying HLA antigen Cw6. Ameri-
can Indians, who, as a population, do not have the
gene for Cwb6, do not suffer from psoriasis.

 Gastroenterologists have found that people with the
antigen HLA-B8 are three times as susceptible to
chronic active hepatitis as those without it. They also
have a ninefold risk of developing a sensitivity to wheat
gluten, a protein that can cause severe intestinal dis-
turbances.

« Myasthenia gravis, to which Aristotle Onassis suc-
cumbed, can be predicted by double genetic markers:
both HLA antigens and the sex chromosomes play a
role in defining predisposition. Although female Cau-
casians with HLA-B8 carry a twelvefold risk of devel-
oping the disease, B8 has not been shown to predispose
males to the disease.

+ Bladder cancer i1s a multifactorial disease. The chances
that it might strike are enhanced by smoking, drinking
coffee, or working in the dye and rubber industries. But
genetic factors may also increase the risk. People with
blood group A have a slightly larger chance of
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coming down with bladder cancer, as do people with a
combination of HLA-B5 and HLA-Cw4. For those
with both genetic markers, however, the risk is appre-
ciably greater: according to studies performed at the
Durham Hospital in England, someone with blood
group A and the two HLA antigens has a fifteen times
greater chance of contracting bladder cancer than
someone in the general population.

Some researchers contend that people carrying the
combination HLA-A1, HLA-B8 or the combination
HLA-A2, HLA-B12 are more sensitive to ragweed pol-
len. Those with Al-B8 may also be more prone to
asthma.

Scientists have found that the people who live the long-
est almost invariably have received different HLA-A
and HLA-B antigens from each parent. They also do
not carry those antigens (like B27 and B8) which are
most often associated with disease. Two theories exist
to explain this extraordinary finding: either having an
identical pair of A and B antigens means that you are
more susceptible to certain diseases and therefore live a
shorter life; or having unmatched antigens protects you
against a wider range of diseases, giving you a better
shot at surviving.

Despite these and other antigen-disease linkages, the

work with the HLA system is only just beginning. The field
itself is less than two decades old; and for the first 10 years or
so, nobody could quite figure out why the system even ex-
isted. After all, why would the body create cells that were
different from everybody else’s? Certainly not because it an-
ticipated that a surgeon would some day try to transplant

organs.
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By now, however, there are some reasonable theories as
to why the system evolved and how it works. The favored
theory rests on the ability of the antigens to identify the
body’s own cells. If the body is to recognize something as
“foreign,” it first must recognize something in its own cells
that identifies them as “self.” That something is the set of
HLA antigens. But the ability to distinguish “foreign” from
“self goes beyond such purely external invaders as viruses
and bacteria; it includes variants or mutants of the body’s
own cells. Many researchers believe that, during the millions
of divisions our cells go through in a lifetime, potentially
harmful mutants arise as mistakes of replication. Some of
them may become cancer cells. Because they are recognized
as different, however, these mutant cells are constantly
sorted out and destroyed by the monitoring system. Ac-
cording to some theories, cancer can sometimes result
from a faulty monitoring system, or even from a normal
monitoring system that is simply overwhelmed by too many
mutants.

Nevertheless, how the HLA system is related to disease is
still largely a mystery. Why should there be a link between a
particular HLA antigen and diabetes? Between an HLA an-
tigen and hepatitis? Once an antigen is linked to a disease,
the scientific problem is to determine the nature of the con-
nection. A correlation might occur for three reasons:

l. A real causal connection can exist between the pres-
ence of an HLA antigen and the development of the
disease. The reasons for this connection might vary,
but one explanation has received popular acceptance:
the theory of molecular mimicry, which holds that so
much similarity exists between an invading microbe
and a specific HLA antigen that the body doesn’t rec-
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ognize the invader as foreign. As a result, the microbe
can establish a niche in the body. Some experiments
have suggested that the same antibodies that might
react against HLA-B27 also react against certain
known bacteria; a person who has HLA-B27 would
not recognize the bacteria as being different and
would not make antibodies against them.
. The HLA antigen might actually give certain people
a better chance of surviving debilitating diseases. Let’s
assume that everybody is equally susceptible to a par-
ticular disease; but only those without a specific anti-
gen succumb to it. As a result, most of the survivors
carry the antigen. Someone making a survey of those
with the disease would then find a significant tie-in
with the antigen; but the link would signify resistance
to the effects of the disease, not susceptibility to it.
. Guilt by association. No relationship of cause and ef-
fect exists between a specific antigen and a disease.
But there is a strong link between the gene that pro-
duces the antigen and the gene responsible for the dis-
ease, usually because they sit next to each other on a
chromosome. The presence of the antigen therefore
may act to signal the existence of the other gene.
This particular relationship between a marker and
a disease works best within families, since they pass
chromosomes and entire groups of genes intact
through the generations. It does not matter what the
marking antigen is; if it is closely linked to the danger-
ous gene and is passed on with it, it can forecast the
possibility of disease. In a recent study of juvenile dia-
betes mellitus, Pablo Rubinstein and his colleagues at
the New York Blood Center found that some brothers
and sisters of children who have diabetes are more
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susceptible to the disease than others. If both parents
are healthy, the best estimate that can be made with-
out HLA typing is that a brother or sister has about
one chance in eight of developing the disease. With
HLA typing, however, the risk can be pinpointed far
more accurately. Depending on the antigen involved,
a second child can be targeted as having approxi-
mately one chance in 1,000, one chance in 50, or one
chance in two of becoming diabetic.

HLA typing—and other genetic markers—achieve their
full potential when the knowledge they offer can actually be
used to prevent disease. The chief beneficiaries of Rubin-
stein’s work could be those children who escape some of the
early complications of diabetes because those around them
have been on guard. A child known to have one chance in
two of developing diabetes would certainly be more closely
watched than one whose chances were one in 1000.

HLA and the Future

The laboratory test that can delineate HLA types is rela-
tively simple and can be performed in many medical centers
throughout the world. It is based in the ability of antibodies
to recognize specific HLA antigens and to attack them if
they do not belong. A technician draws a sample of blood
and mixes portions of it with different antibodies. If the
sample that is mixed with an antibody which is known to
recognize, say, HLA-B8 is attacked and destroyed by that
antibody, then B8 must be one of the antigens in the sample.

Today, at least, the major problem with the testing pro-
cedure is the cost of the antibodies themselves; so far they
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have to be purified from human tissue, a process that is diffi-
cult and extremely expensive. But the price is dropping fast.
Four years ago, it cost about $150 for a complete analysis of
HLA antigens. Now the price has halved, to about $75. The
advent of genetic engineering, which allows bacteria to be
manipulated so that they can produce human antibodies ar-
tificially, promises an even larger drop. In about five years,
HLA typing will probably cost no more than most other
blood tests.

The other, more important problem perplexing those
who work with HLA systems concerns the real clinical value
of knowing an individual’s HLA type. HLA types that have
only a small statistical connection with a particular disease
are not yet very useful, mainly because they do not offer the
physician a predictive tool that he can act on; HLA antigens
with a stronger predictive capacity, on the other hand, may
become critical in analyzing and monitoring an individual’s
health. The bottom line is that the value of an HLA antigen
increases as the accuracy of its ability to predict grows and as
complementary genetic and environmental factors that in-
fluence its usefulness are uncovered.

Few diseases are yet understood to that degree. But HLA
typing offers potential in other aspects of disease. The most
important seems to be that of predicting the prognosis of a
disease even after it has struck. HLA-B12 has been tied to the
effectiveness of chemotherapy as a cure for leukemia. People
with HLA-A1 and HLA-B8 who have Hodgkin’s disease
have a poorer chance of surviving, statistically, than those
with A3 and A11, both of which seem to give a patient better
odds of surviving past the critical fifth year of the disease.
And in one recent survey, 57 percent of those with cancer of
the bronchial tubes who also carried HLA-Aw19 or HLA-B5
were still alive—or even disease-free—two years after the
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diagnosis, as opposed to 13 percent of those without either
marker.

Finally, other uses for HLA antigens are also being dis-
covered. The most interesting connection was made recently
by Giphart and D’Amaro at the University Medical Center
in Leiden, the Netherlands. The two physicians studied
births in 3,900 Dutch families and found that the presence of
HLA-B18 was associated with an increase in male offspring.
In the B18 families, 252 children were born. Of these, 154
were boys and only 98 were girls, a ratio of 3 to 2. The re-
searchers calculated the odds of that happening by chance of
about one in 2,500.

Therefore, while using people’s HLA types to predict
propensity for diseases is still problematical, its future in
medical practice i1s obvious. Most professionals agree that
within the next decade the HLA system will become an in-
dispensible weapon in their fight to control disease. They
envision a time when it will be automatic for fetuses still in
the womb to be tested for their HLA types, for those at risk
to be immunized against the diseases to which they are sus-
ceptible, and for parents to be forewarned about the en-
vironmental factors that might endanger their children.
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4. MARKERS
AND
CANCER

The genes propose, the environments dispose.
BarTON CHILDS

ver since the first cigarette was lighted, there
have been two sides to every argument about
the health hazards of smoking. Nonsmokers dredge up lurid
tales of blackened lungs, hacking coughs and slow, painful
deaths; smokers always seem to have had an Uncle Harry
who smoked ten packs of Camels a day, dying at the age of
85 when he lost control of his Maserati during a high-speed
chase. The truth of the matter lies somewhere in between.
There are compounds in cigarette smoke that are particu-
larly harmful to some people and not to others. Someone
who is resistant to their toxicity is relatively protected; some-
one who is susceptible is at risk.
Smoking causes lung cancer; of that there is no doubt.
The details of the relationship between the two are grisly.
Lung cancer strikes nearly 120,000 Americans every year. It
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is the most frequent cause of cancer deaths among men, and
the death rate among women is slowly catching up—mainly
because they are now smoking more. In Canada, lung cancer
accounted for 7.5 percent of all deaths among men over 34
years of age in 1978, almost double the rate for 1966. Dur-
ing the same period, the death rate among women nearly
tripled.

Lung cancer also has a poor rate of cure: only 7 percent
of the men and 11 percent of the women who contract it
manage to live five years. But it does not strike indiscrimi-
nately. According to the American Cancer Society, the
major risk factors for lung cancer are:

+ Heavy cigarette smoking for people over 50
+ Starting smoking as early as 15 years old
+ Smoking while working with or near asbestos

Smoking itself causes 80 percent of all lung cancers. But its
effects do not stop there. Smoking has been linked to ulcers,
bronchitis, emphysema, heart disease, and a half dozen other
cancers; it 1s so dangerous that the Surgeon General has la-
beled it “the single most important, preventable, environ-
mental factor contributing to illness, disability and death in
the United States.”

The single most important environmental factor. Strong stuff,
especially from an arm of the federal government not usually
given to making flat, unequivocal pronouncements. The im-
plication is that if everybody stopped smoking, early illness
associated with certain diseases would decrease significantly
and the quality and length of our lives would improve.

But everybody is not going to stop smoking. Some will
contemplate the odds against their getting sick and think
themselves safe, while others will justify their habit in other
ways. What we need is a way to identify which smokers are
killing themselves and which are not.
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Now the first important genetic marker for lung
cancer—called aryl hydrocarbon hydroxylase, or AHH—has
been found. AHH may not be the only genetic marker cor-
related with the disease; it may not even turn out to be the
best way for finding out who is susceptible and who isn’t.
But its significant link to lung cancer has opened the doors to
genetic prophecy.

When someone inhales smoke from a cigarette, he de-
posits various different compounds in his lungs. Some are
harmless, water-soluble compounds that dissolve in the
bloodstream, are carried to the kidneys, and disappear. But
other compounds are not as soluble; if the body left them
alone, they would remain in the lungs, accumulating until
they reached toxic levels. And so, to protect itself, the body
manufacturers enzymes that transform these substances into
compounds that can be excreted. One group of such sub-
stances is known as the polycyclic hydrocarbons. They are
present in city smog, charcoal-cooked foods, some shampoos
(as coal tars), and pesticides; but they are more abundant
in tobacco smoke. AHH is one of the enzymes that acts upon
them.

The polycyclic hydrocarbons are known as procarcino-
gens—that is, while they themselves are not carcinogenic,
they can be converted into compounds that are. In the chain
of enzymes working to rid the body of the hydrocarbons,
AHH is the one that transforms them into cancer-causing
compounds.

The enzymes in the chain are like workers in an assembly
line. Each enzyme adds on or chops off a different part of the
molecule, getting it in the right shape for disposal. Normally,
the activity of the enzymes is coordinated: As soon as one has
finished work, the next continues the conversion. But if one
enzyme works too well—if it modifies too many molecules
too quickly—a surplus can occur at that point. And if the
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molecules in that surplus can attack sensitive parts of the
cell, it begins to suffer.

AHH produces one of the intermediate molecules along
the assembly line, a highly reactive compound, known as the
ultimate carcinogen, which can destroy the activity or struc-
ture of practically any part of a cell with which it comes in
contact. Daniel Nebert of the National Institutes of Health
has found that cells that are converted into cancer cells tend
to bind ultimate carcinogens to their DNA. The more AHH
activity a cell has, the more ultimate carcinogens are formed,;
the more ultimate carcinogens, the more likely it is that the
cell will become cancerous.

At least three separate studies have found that the level
of AHH in the body is dependent on its genetic type. In fact,
the studies have uncovered a specific gene that is responsible
for determining how much AHH each person can produce.

One study, conducted by Gottfried Kellermann, now at
the University of Wisconsin, found high levels of AHH in 9
percent of the population, intermediate levels in 44 percent,
and low levels in 47 percent. Kellermann then tested the
levels of AHH in lung cancer patients. There he found the
amounts of AHH to be shockingly different. In the 50 cancer
patients in his test, 15 (30 percent) had high levels of the en-
zyme, while only two (4 percent) had low levels. When Kel-
lermann calculated the relative risks for the groups—match-
ing them against the unchanging risk that would exist if
AHH had nothing to do with lung cancer—he discovered
that someone with a high level of AHH is 36 times as likely to
contract lung cancer as someone with low levels. For those
with intermediate levels, the risk turned out to be 16 times as
great.

Supporting evidence for Kellermann’s findings has come
from a variety of sources. In one study, Rolf Kérsgaard and
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Erik Trell of Norway examined the AHH levels of 102 pa-
tients with oral, laryngeal, and bronchogenic cancers. In a
normal population of 102 people, 10 people with high levels
(9 percent) should appear; Kérsgaard and Trell found 39.
And where they should have found 47 people with low
levels, they found a mere 21. Significantly more people who
had high levels of AHH developed cancer than those who
had low levels. And the majority of the patients with cancer
were also heavy smokers.

A Finnish study by Carl Gahmberg at the University of
Helsinki provided further proof. He found high levels of
AHH in 39 percent of patients with untreated lung cancer,
compared to 15 percent of a healthy control group. He also
noted another important difference. Among those who had
lung cancer, patients with high AHH levels developed the
disease an average of five years earlier than patients with low
AHH levels. High levels served as a marker for both increased
and earlier risk of lung cancer.

The implications of these findings are clear: Those who
produce lower levels of AHH can be less concerned with the
dangers of lung cancer; those with high levels might find
themselves with enough incentive to quit smoking. And
those stubborn few who continue to smoke despite the odds
might, at the very least, agree to frequent medical check-ups
so that any appearance of the disease can be caught early
enough to give them a shot at surviving.

There are still two drawbacks to the widespread testing
of AHH levels. First, no reliable mass screening test has yet
been developed. The best test known for AHH requires a
liver biopsy, a complicated and sometimes dangerous proce-
dure. The test that might be used in the future—a simple
blood test in which the level of AHH in the white blood cells
is measured—is not yet dependable, mainly because every-
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thing from aspirin and cigarette smoke to other malignancies
and the timing of the test affects its accuracy. The blood test
may eventually prove useful, but only after all the variables
can be taken into account and controlled.

Nevertheless, investigators are already talking about de-
signing “test kits” which can be marketed throughout the
country. Richard Kouri of Microbiological Associates in
Bethesda, Maryland, is hopeful that the day-to-day variabil-
ity in the tests for any one person will soon be overcome. His
group has developed a method in which a physician takes
two or three blood samples over a period of a year, keeps
them frozen in liquid nitrogen until all the samples are
available, and then tests them simultaneously for AHH ac-
tivity. Variations that might otherwise confound the test re-
sults can be minimized and an average value can be ob-
tained.

The second drawback is that Kellermann’s findings are
still controversial; some investigators have been unable to
duplicate his finding of three distinct groups with different
levels of AHH and have managed to isolate only high and
low groups. Despite this inconsistency, the significant find-
ing still holds: People with high levels of AHH are found to
have lung cancer more often if they smoke cigarettes than those
who have low levels or don’t smoke. A genetic predisposition
and an environmental factor are interacting to cause disease.
Animal studies confirm these conclusions. The problem, it
seems, is not with the theory but with our ability to test
for it.

Finding genetic markers like AHH, or any factors asso-
ciated with disease for that matter, is especially difficult in
humans, primarily because we are such poor laboratory
specimens. Everything about us mediates against the kinds
of clear, simple tests that uncover facts about disease. Unlike
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mice and rats, we cannot be made genetically pure through
breeding; we have comparatively few offspring; and we
change our environments and social habits over the years.
Most importantly, researchers cannot collect one hundred
human babies, inject them with various noxious cultures,
confine them to unchanging surroundings, and, at their lei-
sure, assess the results. It is because of these limitations that
science has come to accept experimental evidence obtained
from other animals as reasonable projections of what will
probably occur in man. And it is because of these limita-
tions that drugs and therapies that have been tested in
animals before being approved for human use sometimes
g0 awry.

Kellermann’s thesis has been tested repeatedly in ani-
mals—most often in mice. And it has repeatedly proved true.
In one of the more impressive tests, Daniel Nebert of the Na-
tional Institutes of Health injected a polycyclic hydrocarbon
similar to those found in the tar of cigarette smoke directly
into the windpipes of two strains of mice, one with high
AHH activity, one with low. Fifty-five percent of the mice
with high activity developed lung tumors; only 17 percent of
the low group were afflicted.

In a parallel experiment, related mice that shared some
of their genes were also treated. The group with lower AHH
activity had no cancers, whereas 23 percent of the group
with high activity (almost one in four) contracted lung
cancer. The experiment implied that while AHH activity 1s
an important marker for lung cancer, other genes might
modify the degree of susceptibility, and that a particular
combination of genes is probably necessary before the cancer
can develop. If, for instance, a mouse inherits a gene for high
AHH activity as well as a gene for high activity in the next
enzyme in the assembly line, the excess carcinogen will be
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converted to a harmless substance before it can do any harm.
That is why testing for AHH is only an approximation of the
risk for cancer. More accurate predictions will become possi-
ble when we know the importance of other factors as well;
the more markers we can pinpoint, the better our predictions
will be.

In the past few years, researchers have been examining
the AHH system for its effects on other problems. Perhaps
the most frightening experiment, also performed by Daniel
Nebert, involved injecting pregnant mice with polycyclic
hydrocarbons to determine the effect on the offspring. The
results were striking: Embryos with high levels of AHH were
stillborn, born with malformations, or reabsorbed by the
mother before birth (an indication of a birth defect) between
five and twenty times as often as embryos with low levels of
AHH. This study, in fact, was the first time that abnormali-
ties in fetuses were predicted on the basis of AHH levels. The
implications for human pregnancies are obvious.

Although the liver biopsy test for AHH is not completely
suitable for mass screening and the test of white blood cells is
not yet reliable, another promising approach is being devel-
oped, which measures the levels of AHH indirectly by evalu-
ating the body’s ability to break down certain specific drugs.
If it turns out to be an accurate measure of AHH produc-
tion, it may well become a tool of general screening.

The Modern Black Death

Cancer is the number two killer in the United States
today. It causes nearly 400,000 deaths each year, only half as
many as the annual toll for heart and vascular diseases. Why
then are we so preoccupied with cancer?

There are three primary reasons: First, cancer is the num-
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ber one killer among young adults between 25 and 44. It is
also the number two killer of those even younger, second
only to accidents and suicide. Cancer is therefore a disease
that kills people before their time, a fact which makes it seem
particularly cruel.

Second, no part of the body is immune from the disease.
Cancer can strike the brain, lungs, breasts, genitals, skin,
blood, bones—anywhere there are cells. With heart disease,
at least, we know where the hammer will fall.

Finally, the course of cancer is protracted and character-
ized by painful physical symptoms. Its treatment alone, with
the nausea of chemotherapy or the baldness and physical
weakness from radiation, is worse than many diseases.
Throughout the illness, the treatments, even the sporadic re-
missions, the psychology of cancer hovers over the patient
and his family. It thrusts mortality on us; it presents us with
the inevitability of death. Cancer seems like a nightmare, a
blow from some angry god, leaving us as helpless as our an-
cestors must have felt when they were confronted by the
plague.

But cancer is no longer that scary demon from the dark.
Many forms can be treated, especially if they are discovered
early enough. Cancer is, in fact, not one disease but a com-
mon name for a collection of different diseases characterized
by the uncontrolled growth and spread of abnormal cells. In
time, these cells can disrupt normal function and cause
death. They can also migrate throughout the body, forming
new colonies, or tumors, wherever they settle. Even such
commonly known cancers as leukemia can actually be any
one of several cancers, some of which are more deadly than
others.

Thus, cancer is a code word that encompasses an entire
group of diseases. Different genes may predispose a person to
different cancers. Different environmental agents may trig-
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ger the development of different forms of the disease. And
different therapies vary in their effectiveness, depending on
the type of cancer and the extent to which it has spread. It is
as wrong-headed to talk about a “cure” for cancer as it is to
believe that a single act of government can alleviate the woes
of a complex economy.

But if the causes and possible cures for cancer sound
especially vague, they are not. For the past thirty years, in-
vestigators have been looking into the mechanisms of
cancer—that is, the triggers, predispositions, and gene-en-
vironment interactions that lead to it. In fact, they began
searching for markers in the first place partly because so
many hereditary conditions seemed somehow linked to
cancer. And they have managed to come up with some gen-
eral findings that point directly to genetic prophecy.

Carcinogens. Nobody really knows exactly how cancer
develops in the body—how a cell or group of cells begins to
go haywire, proliferating out of control. Nevertheless, im-
pressive evidence now suggests that cancer is the result of
two separate factors: a cell that is ready to undergo change;
and an external element that sets it off. The changes proba-
bly begin at the most basic level of the cell, in its genes. The
triggering agent, called a carcinogen, can be a chemical, a
virus, or radiation.

Experiments have shown that cigarette tars, benzene,
vinyl chloride, asbestos, ultraviolet light, x-rays, and certain
viruses do not attack the cell as a whole; they damage its
genes. They can cause the genes to mutate—to change their
code, to produce useless proteins, or to lose their effective-
ness. It is probably these alterations in the cell’s ability to
regulate itself that cause it to go out of control. And it is at
that point when cancer begins to take hold.

Carcinogens are everywhere. They are dumped into
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streams and water supplies. They are spewed into the air.
They are injected into food and sprayed on the paper it is
wrapped in. They are, in short, an integral part of our indus-
trial society, so pervasive that they manage to initiate about
80 percent of all cancers—with the other 20 percent trig-
gered by natural radiation, viruses, and constitutional ab-
normalities.

That is not to say, however, that genes are not involved.
Even in the most dangerous environment, not everybody
comes down with cancer. In the final analysis, cancers are
the result of the right environmental trigger attacking the
right gene or genes. Both must be present for the disease to
occur.

Nearly every cancer illustrates this relationship. One of
the most clear-cut cases is retinoblastoma, or cancer of the
eye, which is linked directly to a defect on chromosome 13.
The chromosomal defect is an excellent marker for the dis-
ease; physicians can predict with an accuracy of almost 90
percent who will develop tumors. But what about the other
10 percent? Recent evidence suggests that the disease is trig-
gered by a virus which, in baboons, attaches itself to specific
chromosomes in the cells of the eye’s retina. If that same
virus acts upon humans, it is obviously quite common—
common enough to infect nine out of every ten people who
are susceptible to it. But those with an intact chromosome 13
can resist it; and the lucky person who carries the chromo-
somal defect while remaining healthy probably avoids com-
ing in contact with the virus.

Other chromosomal abnormalities that can lead to
cancer are as identifiable as the defect on chromosome 13.
But most cancers are linked to more subtle genetic suscepti-
bilities. Sometimes, the environment itself can create predis-
positions in those who would otherwise remain resistant.
Parasitic infection can increase some people’s susceptibility
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to bladder cancer, although nobody has yet proved how it
happens. And someone who accidently swallows lye can
damage his esophagus so much that it becomes especially
vulnerable to the growth of tumors, possibly because cells are
more likely to pick up carcinogens when their protective
membranes have been damaged.

The Immune System. Even when cancer cells do de-
velop, the body has its own first line of defense. The immune
system, which includes the HLA antigens, can recognize
cancer cells as foreign, attack them, and eliminate them as
threats. In healthy individuals, the system is efficient enough
to destroy most abnormal growths. But in those who have
weaker or malfunctioning immune systems (or who spend
too much time in environments where carcinogens persist),
abnormal cells can escape detection or simply overpower the
immune response.

In a sense, a strong immune system is a marker for resis-
tance to cancer. Many studies have shown that people with
weak systems are far more likely to develop tumors than the
general population. For them, the risk of certain blood
cancers, for instance, can be as high as one in ten, depending
upon the disease and the degree of weakness. Perhaps the
best evidence comes from studies of patients who have un-
dergone transplantation surgery. Unless they receive grafts
or organs from people with identical tissue types, their im-
mune systems must be suppressed so that they won’t auto-
matically reject their new tissue. The risk of cancer soars.
In one group of Australian patients, seven out of 51 (almost
15 percent) eventually developed skin tumors after trans-
plantation surgery and treatment with immunosuppressant
drugs.

Different genetic markers exist for most kinds of cancer.
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And while markers of general susceptibility may ultimately
prove useful, the most important, like AHH, will identify
those at risk for specific diseases. In fact, of the more than
2000 different traits that have been linked to single genes,
about 200 are directly associated with an increase of one
type or another of cancer. In some, triggering cancer seems
to be their only reason for existence.

Breast Cancer

Perhaps no disease frightens more women than cancer of
the breast. The disease is common: one out of every sixteen
women in the United States will contract it at some point in
her life. But the fear of breast cancer is even more common:
one out of every three women believes she will contract it. And
even though the cure rate is fairly good, contemplating life
in a “mutilated” state prevents many women from seeking
the early help that could save their lives.

Regular medical screening for early diagnosis of breast
cancer has been recommended for years by the American
Cancer Society. Most doctors’ offices distribute pamphlets
that describe how a woman can examine her own breasts
regularly for suspicious lumps. And such recent develop-
ments as x-ray mammographies, thermal procedures (which
measure the increased heat given off by cancerous cells), me-
chanical palpation machines, and special photography are
all designed to detect cancer as early as possible.

There is, of course, an obvious drawback to all these pro-
cedures. They all detect tumors which have already started
to form: some are neither as accurate nor as safe as they
might be. Self-examination, for example, can uncover only
the larger tumors or “knots” in the breast tissue. And x-ray
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mammography has come under attack because regular ex-
posure to irradiation may itself be a cancer-causing factor.
Currently, medical practitioners are debating whether an-
nual screening programs should include all women or only
those at risk. But who is at risk?

Genetic prophecy can provide at least a partial answer.
Breast cancer has long been observed to run in families. On
the average, a woman whose family has experienced at least
two cases of breast cancer has a lifetime susceptibility of one
in six. If those family members should be closely related (her
mother and sister, for instance), the odds go up to a very
scary one in three. Because of these statistics, a small but
growing number of women have agreed to “prophylactic”
breast surgery—even though their breasts are still normal,
the tissue inside is surgically removed and replaced with sili-
cone plastic.

This is a drastic form of prevention. It is frowned on by
many doctors, not only because nobody knows which of
these women would have developed cancer, but because
cancer can still appear in the remaining tissue. Nevertheless,
to some women in the high-risk group, the unpleasantness of
the procedure is worth the trouble if it diminishes the risk of
the disease.

Identifying women who are truly in greater danger of
contracting cancer is a major priority in cancer research
today. One possible clue comes from a genetic marker dis-
covered in the oddest of circumstances.

Nicholas Petrakis, a hematologist at the University of
California School of Medicine in San Francisco, has had
passing interests in genetics and anthropology as well as in
his specialty, the scientific study of the blood. In one of his
excursions into anthropology, he learned about a character-
istic commonly found among Oriental groups: dry ear wax.
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Caucasians and Africans tend to have wet ear wax; the type
any one individual gets is genetically controlled. Intrigued,
Petrakis took it upon himself to confirm this interesting de-
tail by examining the ears of American Indians at a local
baby clinic. Sure enough, he found that the more Oriental in
type the baby was, the greater was the chance that it had dry
ear wax.

All of this might have remained an interesting footnote.
But Petrakis knew that Asia is known for its low incidence of
breast cancer, compared to the rest of the world. Was the
connection between dry ear wax and low rates of cancer
merely coincidence? During a trip to the Far East, Petrakis
stopped off in India to check patients and find out. The cor-
relation stood out: women with wet ear wax were more likely
to get breast cancer than those with dry ear wax.

As Petrakis thought about it, he realized that the con-
nection between ear wax and cancer might be more than su-
perficial. Both the ear and the breast have similar glands;
both secrete similar fluids. Petrakis wondered whether the
ability to secrete these fluids was the same for both areas. So
he designed a cup-and-syringe unit that could fit over
breasts and suck out fluid; then he recruited 5,000 women to
take part in his test. Petrakis found that most Caucasians
normally secrete a fluid that can be withdrawn in 10 to 15
seconds of suction; most Chinese and Japanese women se-
crete at a much slower rate. And most important, the women
who secreted breast fluid relatively quickly had wet ear wax.

No scientist makes a finding like this without trying to
provide an explanation. Petrakis discovered that breast fluid
in general can pick up and concentrate such substances as
barbiturates, fatty acids, and compounds from cigarette
smoke. It also contains chemicals that are known to cause
mutations. These two factors seemed to provide one explana-
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tion as to why Caucasian women, whose glands excrete rela-
tively large quantities of glandular fluids, have a higher inci-
dence of breast cancer than Oriental women. Ear wax type
just happens to be a clear marker of this genetic propen-
sity—a marker that can be evaluated in a simple test by a
physician.

Petrakis’ work provided welcome news to most Oriental
women, as well as to the 5 percent of Caucasians whose
glandular secretions make them more resistant to breast
cancer. But the 95 percent of Caucasians with wet ear wax
were still in the dark as to how susceptible they actually
were. And so Petrakis and his associates began to screen
dozens of potential markers—blood groups, HLA types, and
enzymes among them. Not a single marker showed up more
frequently in breast cancer patients than in normal controls.
Perhaps they would have better luck, they reasoned, if they
studied families in which breast cancer appeared in clusters.

With Mary-Clair King of the University of California at
Berkeley as chief investigator, the team of scientists exam-
ined families in which at least three cases of breast cancer
could be confirmed in groups of mothers, daughters, and sis-
ters. Eleven families with 426 members were tested for a
whole list of markers. And one marker, a variant of a com-
mon enzyme, was sifted out.

The marker was called glutamate-pyruvate transamin-
ase, or GPT. Its connection to breast cancer in susceptible
families was dramatic: Of those who carry the GPT marker,
one in eight develops cancer before age 35, one in two before
age 50, and a striking nine out of ten before age 80. Members
of these susceptible families who do not carry the GPT
marker have no greater risk of cancer than the average
woman in the general population.

Although GPT signals a predisposition to breast cancer
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only within cancer-prone families, it is a useful step toward
the discovery of the group of markers that will someday pre-
dict the onset of the disease. Within breast-cancer-prone
families, we can now determine who is at increased risk.
Those women will be advised to pay special attention to
methods of early detection; they might be the ones who are
most likely to benefit from prompt, and perhaps even pro-
phylactic, surgery.

Skin Cancer

Red hair and sunlight. The combination is one of the
most common causes of skin cancer, both experimentally
and statistically. The Irish, and others of Celtic origin, are
especially susceptible.

Scientists have several theories as to why this is so. Per-
haps the most popular is the protective melanin theory,
which holds that melanin, a dark pigment, protects the skin
against the ultraviolet radiation of the sun. Redheads are
usually light-skinned and do not have enough melanin to
protect themselves against ultraviolet rays. Their body’s re-
action, as it forms freckles, is in itself a form of cellular mu-
tation.

Recently, however, another theory has been offered. In-
vestigators at Cornell University Medical College in New
York City have isolated the pigment, called phaeomelanin,
that is responsible for red hair. It is also found in skin. When
test cells were exposed to pure phaeomelanin, nothing un-
usual happened. But when the same cells were exposed to
pigment that had been subjected to ultraviolet light, they
began to mutate in the same way that known cancer-induc-

ing chemicals trigger mutations.
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Scientists now believe that the phacomelanin may be a
marker for skin cancer. Sunlight may cause the pigment to
change so that it becomes capable of causing cancer. While
someone born with the pigment can do little to change his or
her coloring, avoiding excessive exposure to the sun is one
way to minimize the risk of skin cancer.

Several other genetic diseases linked with skin cancer also
involve increased sensitivity to radiation. One, called xero-
derma pigmentosum (or XP) causes freckling, reddening,
blistering and a tendency to scar when the skin is exposed to
sunlight. If people with XP are not careful, they usually suc-
cumb to multiple skin cancers before they reach the age of
Al

Careful of what? One study showed that XP patients
managed to escape skin cancer entirely simply by avoiding
exposure to strong sunlight. With that in mind, two doctors
at the University of Oregon Health Sciences Center have
advised families with XP children to “move en masse to
western Oregon and enjoy the endless gray mist and drizzle
of our area.” Somewhat more seriously, they suggest protec-
tive clothing, broad-brimmed hats, special sun screens, and
frequent whole body examinations by a dermatologist for
those at risk.

Kidney Cancer

Just a few months before the GPT marker for breast
cancer was discovered, a marker was found for tumors of the
kidneys. It too is significant only in cancer-prone families.

The search for a marker began when a Boston physician
found that one of his patients had malignant tumors in both
of his kidneys. The finding was unusual: the man was only
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37 years old, and less than 2 percent of kidney cancer victims
have both kidneys affected. A family history revealed that an
aunt also had had kidney cancer; and further digging turned
up ten more victims out of the forty members of three gen-
erations. Of these, six had cancer in both kidneys.

Cell specimens were taken from the living victims in
hopes that a genetic marker might be found. The study paid
oft: When the cells were examined under a microscope, the
doctors could see clearly that a tiny piece of chromosome
number 3 had switched places with a similar piece of chro-
mosome 8. The switch took place only in those with the
cancer.

The Boston doctors are now keeping close tabs on mem-
bers of the family who carry the marker. They believe that
these people have a 90 percent chance of coming down with
kidney cancer, as opposed to the odds of one in 1,000 for the
general population. If cancer symptoms do show up as ex-
pected, they are more likely to be noticed immediately and
treated with the speed that so often means the difference be-
tween life and death for cancer victims.

A Family Matter

The markers connected with the more common cancers
point out one particular genetic connection that the average
layman has long understood through observation and physi-
cians have learned from some cold, hard experience: Cancer
often runs in families. Some markers that seem to have no
particular significance when they are observed in the general
population can be used within specific families to point out
important differences in susceptibility. The explanation is
similar to that offered by Pablo Rubinstein when he and his
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colleagues discovered the familial links between HLA and
diabetes: Families often pass intact collections of genes from
one generation to the next; a marker may be associated with
a disease, not necessarily because it is actually involved in
causing the disease, but because it sits close to a dangerous
gene and is passed on with it. In the general population, the
neighbor-to-neighbor relationship between the genes may
not exist; but in families it can stand out very strongly.

Because of this familial linkage, physicians who are
aware of the importance of prediction are beginning to pay
far more attention to the family histories they take. No
longer does a complete physical examination merely attempt
to pinpoint someone’s condition at a particular place and
time; now it is equally important to find out about heredity,
to discover the way genes might run through generations.
Markers within families can ease the anxiety of those who
might not be at risk and focus attention on those who are ac-
tually on the firing line.

Some physicians have learned this lesson the hard way.
One prominent pediatrician had spent years in the care of a
brilliant internist, whom he considered his family doctor.
One day he happened to attend a lecture on new discoveries
about cancer of the colon. He learned that the growth of
malignant tumors in the colon is almost always preceded by
a clear marker: small polyps, benign masses of cells that are
easy to locate on the colon’s surface. The link between polyps
and cancer is almost absolute: 95 percent of those who get
polyps contract cancer before they are 40 years old. In addi-
tion, the growth of polyps and cancer is tightly tied to inher-
itance.

The physician left the lecture chilled by two thoughts:
His father had died of cancer of the colon. His internist had
never asked him about it; nor had he checked his colon for
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polyps. It took the physician less than 24 hours to find him-
self another doctor.

In this day of sophisticated medical treatment, no decent
doctor should treat a patient without getting a full and spe-
cific family history beforehand. And no informed patient
should allow a doctor to get away with not knowing about
potentially life-saving information.

The tendency of cancers to run in families actually goes
beyond those specific cancers for which genetic markers have
been found. In general, relatives of people who contract
cancer are more likely to get the disease themselves. In the
normal population, 30 percent of cancer patients have one
close relative who also has cancer; 20 percent have two such
relatives; and 7 percent have three or more. Leukemia, the
cancer of the bone marrow that seems to attack young chil-
dren, gives an identical twin odds of one in five if his or her
twin has caught the disease. Among other siblings, the odds
are smaller; but the connection is clear. It is not unheard of
for families to find all their children developing leukemia—a
phenomenon that, in the general population, would occur in
about one family in a billion if it were by chance.

One family whose records were published by the Na-
tional Cancer Institute illustrates the extent to which famil-
ial tendencies can run. The first patient to be identified as a
cancer victim was a woman who had cancer of the cervix. It
turned out that her brother had cancer of the colon, her sis-
ter had cancer of the breast, and two nephews had con-
tracted a rare and fatal cancer of the blood. Soon after, three
of her six children developed leukemia, as did several distant
relatives.

The family seemed to develop cancers the way most fam-
ilies pick up common colds. Their record was so extraordi-
nary that investigators decided to test the cells of every mem-
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ber of the immediate family for their tendency to become
abnormal (or transform too easily) when they were infected
by viruses. John J. Mulvihill, the head of the Clinical Genet-
ics sections at the National Cancer Institute, explained the
results of the tests:

Cells from the father and from two clinically normal twin
brothers had normal transformation; high transformability
was seen in cells from the mother, a leukemic daughter, and an
older normal daughter, who seemed to have been spared from
leukemia. Seven years later, as if predicted by the test, she became the
Jourth sibling with leukemia.[italics added]

A Marker for General Susceptibility

Most cancers are joined by a common thread: They de-
velop in response to some kind of abnormality in chromo-
somes or genes. The more striking chromosomal abnormali-
ties have long been tied to cancer:

* Children born with Down’s syndrome, or mongolism,
are more prone to leukemia than others.

* Individuals with Klinefelter’s syndrome—an extra X
chromosome added to the normal XY complement of
sex chromosomes—tend to have an increased chance of
contracting breast cancer.

» Those missing a piece of chromosome 13 almost invari-
ably develop cancer of the eye.

* People with the so-called Philadelphia chromosome
have higher odds of contracting leukemia.

These gross genetic abnormalities are probably just ex-
tremes of what happens when any cell is genetically predis-
posed to cancer.
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The interaction between gene and environment is an ac-
cepted part of the cancer picture. But how does the environ-
ment affect the gene? How does an external insult trigger the
unregulated growth and proliferation of the cell?

Scientists now suspect that both normal cells and cells
predisposed to cancer suffer similar damage from the en-
vironment. But normal cells seem to be able to repair them-
selves; defective cells cannot. As a direct result of their defect,
the abnormal cells begin to mutate.

One of the first clues to the possibility that some cells lack
the genetic ability to correct minor disruptions in their DNA
sequences appeared in 1975 in Birmingham, England.
There, a patient with a rare disease known as ataxia telan-
giectasia (AT) who was undergoing radiation treatments
began to develope acute radiation poisoning. At first, no-
body could understand why: the dose he was receiving was
no higher than that which normal people accept without dif-
ficulty.

His physicians took samples of his cells and examined
them. They found that the cells received the same punish-
ment as normal cells undergoing the treatment, but the AT
patient’s cells could not rebound from the beating. Some-
how, they lacked the normal ability of healthy cells to repair
the damage caused by environmental stress.

The fragility of certain people’s genes and cromosomes
has now been firmly connected to their chances of coming
down with cancer. Some specific diseases, while rare, seem to
stem ditectly from this fragility. Others, like leukemia, seem
to occur with far greater frequency in those who carry at
least a paetial susceptibility to these so-called chromosome
instability syndromes. One rare blood disease, known as
Fanconi’s anemia, predisposes its victims to infection as well
as to death by cancer. But more importantly, close relatives
of victims—people who are probably carrying one of the two
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genes that are needed to trigger the disease itself—also show
an increased risk of cancer. Michael Swift, of the University
of North Carolina at Chapel Hill, has recorded nine times
the number of cancer deaths among younger relatives of
Fanconi victims than would be expected in the population at
large. His conclusion: the more likely it is that a relative car-
ries a copy of a gene for Fanconi’s, the higher the odds that
he or she will die of cancer. The chances of contracting leu-
kemia alone seem to be about twelve times as great for these
people as they are for the general population. And while the
two-gene combination that causes Fanconi’s anemia is a rare
phenomenon, an estimated three-quarters of a million peo-
ple in the United States carry a single copy of the gene.
The tests that have been performed on patients with
these rarer diseases are now being broadened and extended
to those who may be predisposed to other forms of cancer. So
far, similar defects have been found in several forms, and sci-
entists are beginning to suspect that the heightened sensitiv-
ity of some cells to viruses, radiation, and chemicals may
pinpoint them as being predisposed to turning cancerous.
The National Cancer Institute’s (NCI) viral tests on that
family with the extraordinary predisposition to all sorts of
cancers 1s one indication; another is a collaborative effort be-
tween Malcolm Patterson and his colleagues at the Chalk
River Nuclear Laboratory in Ontario, Canada, and Robert
Miller of the NCI. The two groups took skin cell samples
from a cancer family with a high incidence of acute myelo-
genous leukemia, a bone cancer. Then they grew the cells in
the laboratory and exposed them to radiation. The samples
were coded so that the scientists could not know which were
from cancer patients and which belonged to their healthy
relatives. They checked each sample for its sensitivity to ra-
diation—for the dose that was needed to kill it. Then they
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tried to identify the cancer patients from the results. When
the code was broken they found that they had been suc-
cessful: the cells of those with cancer were clearly more sensi-
tive.

Tests like these seem to identify cells that have more dif-
ficulty adapting to environmental insults, which is the exact
process that many scientists believe leads to cancer. Still an-
other, similar approach is being used by Richard Albertini
at the University of Vermont; he has begun to compare the
white blood cells of normal people to those of people under-
going chemical treatment for breast cancer. Albertini’s test is
designed to determine whose cells are more likely to mutate
when they come in contact with chemical carcinogens. Be-
cause some people who undergo chemotherapy develop
other tumors in response to their treatment, Albertini is try-
ing to determine whether the tendency of white blood cells
to mutate can be used as a marker for susceptibility.

The three tests for sensitivity—to viruses, radiation, and
chemicals—are perhaps the most promising avenues of re-
search toward finding a general marker for cancer. If cell
sensitivity proves to be an accurate marker, we may be able
to identify those generally at risk and monitor them closely for
emerging signs of the disease. Daily, we are discovering more
carcinogens, more sources of environmental insults, more
compounds that we are told to avoid. The possibility that we
may be on the verge of a marker for cancers in general is a
sign that science is fighting back.
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5. ON
THE
JOB

... it is artificial to question screening in terms of an ab-
stract right of equal access to a job. One could hardly
defend the right of a hemophiliac to be employed as a
butcher. BERNARD D. Davis

here is no such thing as a risk-free life. Our

ancestors battled infidels and starvation; we
struggle with carcinogens and the stresses of our fast-paced
lives. We cannot expect it to be otherwise.

But we can make decisions about the kinds of risks we are
willing to face. We can minimize some dangers and make
our environments as safe as is practically possible. And we
can demand that others do the same.

The choices that we make cut to the very heart of the pol-
itics of health. They extend beyond the questions of personal
preference that genetic prophecy has raised thus far, beyond
simply choosing a way of life that may be healthier or more
dangerous, freer or more restricted, than what we had be-
fore. They may influence the way we mold society as a
whole; we may decide to assume complete personal responsi-
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bility for everything that touches us (the politics of libertari-
anism), or, at the other extreme, we may accept a kind of so-
cial paternalism, in which the government monitors and
protects us from womb to tomb. The critical issues are: Who
is responsible for deciding how to balance hazard and health? How far
does that responsibility extend?

Nowhere are these issues more relevant than in the work-
place. After we accept a job, we find ourselves having less
choice and less control over the safety of the work environ-
ment than anywhere else. Our dependence on our jobs
means that we cannot afford to try to change working en-
vironments casually.

The degree of job-related hazard varies. When we decide
what we want to do for a living, we naturally take it into ac-
count. For people like Evel Knievel, the risk is the job itself:
the odds against his surviving a jump over the Snake River
in a rocket-powered motorcyle some years ago were a matter
of public speculation. A stenographer in the office typing
pool, on the other hand, can be fairly sure that life-threaten-
ing risk is not a characteristic of the work. In each case, the
key to making an informed decision is knowledge about
what the risks are and to whom they apply.

But is even that quiet office job really as safe as we think
it 1s? Away from the harsh elements of the outside world, safe
from excessive physical exertion, clerical workers certainly
seem to be protected against hazards. Nevertheless, they, too,
face risks. Recent studies suggest that some of the inks used
in photocopying machines may be carcinogenic. One casual
survey by students at the Cornell University Medical Col-
lege uncovered the unsettling fact that, of all the surfaces
they could think of testing—subway seats, food counters,
bathrooms, desks—the most contaminated places in New
York City were the mouthpieces of telephone receivers. Car-
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pets are known to be germ jungles: environments that retain
dirt and grow rich in the substances on which bacteria
thrive. Fluorescent lights provide only a part of the wave-
length spectrum available in natural light, a spectrum that
some studies have shown to be vital to good health. And
chemicals that office workers take for granted have never
been adequately tested to determine whether they are, in
fact, safe: correction fluids for typewriters, new glue and ad-
hesive preparations, the cleaning and thinning fluids used
throughout any proper office.

If offices pose unanswered questions like these, can other
work environments—from hospitals to garages, fast-food
joints to garbage trucks—be far behind? Obviously, every
work environment poses its own particular brand of danger.

Most of us, at least, can choose the types of gambles we
take. According to the 1980 U. S. Census, Americans can
now select from among 23,000 occupations, over two and a
half times as many as in 1910. The number is still growing,
as are the risks.

Perhaps the greatest risks crop up in factories where, as a
matter of course, workers handle substances known to be
hazardous. The problems of hazards in the workplace loom
so large that the National Institute of Occupational Safety
and Health (NIOSH) recently undertook a three-year study
to determine which industries are the most likely to trigger
cancer. Surprisingly, large chemical companies ranked only
twelfth on that list. Companies that produce industrial and
scientific instruments topped the charts—apparently be-
cause their workers have to handle such carcinogenic chemi-
cals as solder, asbestos, and thallium; next came companies
that use nickel, lead, solvents, chromic acid, and asbestos to
fabricate metal products. Other industries in the top ten in-
cluded those building electrical equipment (exposure to
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lead, mercury, solvents, and solder); transportation equip-
ment (hazardous constituents of plastic, like formaldehyde);
machinery (cutting and lubricating oils); the petroleum in-
dustry (benzene, naphthalene, and aromatic hydrocarbons);
industries making leather products (chrome salts and other
chemicals used in tanning); and those building pipeline
transportation (petroleum derivatives and welding materi-
als).

Although NIOSH’s effort to rank industries was an im-
portant first step, its list does not reflect all possible risks.
NIOSH looked only for known or highly suspect carcino-
gens. Industries using chemicals not yet recognized as car-
cinogens are missing from the list, as are those using materi-
als that might trigger diseases other than cancer.

Nevertheless, identifying cancer-related industries is the
first step in taking preventive action against illnesses arising
in the workplace. Some people may want to avoid the most
hazardous jobs altogether; others may act on the informa-
tion to lower the risks they face.

The number one cause of job-related injury today—
physical accidents—has little to do with genetic prophecy.
But exposure to toxic chemicals, which ranks a close second,
does. The industrial revolution and advances in chemistry
have created substances that no living organism has ever be-
fore encountered. According to the American Chemical So-
ciety, we have festooned our air, water, and land with over
3% million different chemical substances that do not nor-
mally occur in nature; about 63,000 are in common use in
the United States. No longer do we have to travel to distant
planets to find alien environments; we have developed one
for ourselves right here.

Not all those chemicals are dangerous. One study of sev-
eral hundred common chemicals found that only 25—sub-
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stances like benzene, arsenic compounds, asbestos, nickel,
tars, and vinyl chloride—have actually been shown to cause
cancer in humans. Other chemicals may trigger other ail-
ments, but most are harmless; we splash, spray, and smear
dozens of them on our bodies daily. Only the few dangerous
substances that do get through our defenses are the targets of
prophecy.

Chemical Culprits

Nobody handles concentrated sulfuric acid carelessly.
The consequences are immediate and absolute: If you spill it
on bare portions of your anatomy, you will get burned, no
matter what your genetic background is.

The toughest dilemma in the workplace is not with the
kind of chemical from which every worker must be pro-
tected. The problems arise with chemicals that may be
subtly toxic, that may do delayed and unpredictable damage
to susceptible workers. For when a chemical is not obviously
harmful, it may take years to pin down what it does and
years more to identify the workers who are most at risk.

In 1895, the German physician Ludwig Rehn noticed
that workers in the chemical dye industry had much higher
rates of bladder cancer than people in the general popula-
tion. He suspected that the disease was caused by the indus-
try’s use of massive amounts of arylamines—chemicals that
are still vital to the preparation of rubber, plastics, textile
and hair dyes, and other pigments.

Some 40 years later, scientists proved that a well-known
arylamine caused bladder cancer in dogs. And 15 years after
that, studies of the British dye industry confirmed the role of
arylamines in human cancer. It took over 50 years for the
chain of events to link suspicion and proof.
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But implicating arylamines did little good. Not every dye
worker develops cancer, even under similar working condi-
tions. At first, researchers believed that the differences might
be due to dietary habits. But soon other pieces of the puzzle
began to fall into place. Animal experiments clearly showed
that arylamines were not dangerous in themselves; they had
to be transformed by the body into carcinogens. Dogs, which
can carry out the transformation, are exceptionally suscepti-
ble to arylamine-induced cancer. Guinea pigs, which cannot,
are resistant.

Because humans have the ability to transform aryla-
mines, we are at risk for bladder cancer. But we are not all
susceptible; some of us manufacture large amounts of an en-
zyme called N-acetyltransferase, or NAT, which attaches a
bit of chemical to arylamines and de-activates them. People
with high levels of NAT are called “rapid acetylators™; peo-
ple with low levels are “slow acetylators.” In the Caucasian
population of North America, the distribution is almost ex-
actly 50:50. Slow acetylators among other populations range
from about 10 percent among Orientals to about 70 percent
among Israelis.

Workers with low levels of NAT, that is, slow acetylators,
are at greater risk of bladder cancer. But can the marker be
used more widely? G. M. Lower of the University of Wiscon-
sin Center for Health Sciences thinks so. He went to Den-
mark, where the ratio of rapid and slow acetylators is about
the same as that in the United States, and examined bladder
cancer patients in the urban population of Copenhagen. He
found that slow acetylators accounted for twice as many vic-
tims as rapid acetylators, meaning that, in cities, slow acetyl-
ators are twice as likely to contract bladder cancer as rapid
ones.

So far, Lower has not been able to pin down the reason
for his findings. He theorizes that arylamines appear more
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frequently in urban environments, just as they do in the
plastics, dye, and rubber industries. His hypothesis is sup-
ported by the fact that no differences in bladder cancer exist
between fast and slow acetylators in rural areas, where ary-
lamines are very rarely found.

Breathing Can Be Hazardous to Your Health

The respiratory system has a difficult job. Literally
thousands of different substances pass through the lungs
every day, and many are potentially dangerous. Today, re-
searchers are trying to identify those harmful particles and
to find out who is at risk.

Several markers used in predicting respiratory disease in
the workplace are the same as those used for illnesses related
to smoking. That should not come as too much of a surprise;
cigarette smoke contains several hundred different chemicals
and irritating bits of matter. A cigarette is practically a min-
l1ature chemical factory by itself.

AHH, the marker for lung cancer, is only one of many
that may turn out to be useful in industrial preventive medi-
cine. Perhaps equally important is a protein known as
alpha-1-antitrypsin, or AAT; the disease it helps predict is
chronic obstructive pulmonary disease (COPD), a combina-
tion of emphysema and chronic bronchitis.

COPD can be caused by infectious agents; but it can also
be triggered by such irritating chemicals as cigarette smoke,
air pollutants, and dust. One theory holds that irritation
from these substances forces the body to release an enzyme
called elastase. Elastase is designed to break down the irri-
tants so that they can be excreted. But it also gnaws away at
the walls of the lungs’ tiny air sacs, where oxygen is trans-
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ferred into the blood. As the walls break down, the lungs lose
the capacity to transfer oxygen. Breathing becomes labored;
and the symptoms of emphysema and chronic bronchitis ap-
pear.

Normally, people produce a second substance, AAT,
which inhibits the action of elastase so that it leaves lung
tissue alone. People with enough AAT tend to be more
resistant to COPD; those without it tend to be more sus-
ceptible.

Two normal genes—called M genes—are needed to pro-
duce enough AAT to protect lung tissue against elastase.
Unless lung irritation is excessive, people with two M genes
are relatively safe from COPD. But a small percentage of the
population carries at least one abnormal gene, called Z or S,
instead of the normal M genes. Some ethnic groups are more
at risk than others; among the Irish, about 9 percent carry at
least one Z gene, while the percentage approaches zero
among Italians and American Indians. If someone carries
two abnormal Z genes, he is left with practically no protec-
tive inhibitor, and the elastase he produces simply starts
chewing up lung tissue. Approximately 70 percent of ZZ-
type people eventually develop COPD. Smokers with ZZ
genes develop emphysema an average of nine years earlier
than nonsmokers with the genes, and ZZ individuals are
generally more susceptible than others to a whole range of
respiratory irritants found in industry.

There is no question that those who carry a double dose
of the Z or S gene are at increased risk. But what of the per-
son who carries one Z and one normal M gene? Some studies
have indicated that MZ people are not as susceptible as ZZs,
but are more susceptible than MMs. Studies in West Ger-
many of two groups of COPD patients come up with more
MZ types than could be accounted for by chance. Other
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studies have provided conflicting data. Nevertheless, on bal-
ance, clinical investigations tend to show that MZ individu-
als who are exposed to smoke are more likely to develop re-
spiratory complications than their MM co-workers.

Other AAT-related susceptibilities have been explored.
The findings are still tentative because the number of pa-
tients studied is small, but the trends are the same as in the
COPD study. Studies in cotton mills in South Carolina have
indicated that workers who carry the ZZ or MZ genes are
more prone to a respiratory ailment caused by inhaling cot-
ton dust. And in Greece, low levels of AAT have been found
in a larger number of tuberculosis patients than can be ex-
plained by coincidence.

Airborne respiratory irritants are among the oldest
causes of job-related diseases. As far back as 1713, the physi-
cian Ramazzini noted that workers exposed to “vegetable
dust” sometimes came down with a pneumonialike disorder.
In 1932, more than 200 years later, the cause of a similar dis-
ease was traced to moldy hay. Since then, a variety of pneu-
monialike diseases have been discovered. The names may all
be different, but the symptoms are much the same:

+ Suberosis in wine makers from moldy cork

* Cheese worker’s lung from moldy cheese

* Sequoiosis in lumber mill workers from moldy redwood
dust

* Maple bark stripper’s disease from moldy maple bark
(in maple syrup collectors)

+ Baggassosis in sugar cane workers from moldy sugar
cane

» Wheat weevil disease in grainery workers and bakers
from infested wheat flour

» Bird breeder’s lung from pigeon and parakeet drop-
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Research on the specific effects of the MZ gene combina-
tion on respiratory illness is still incomplete. Nevertheless,
Hugh Evans, the Director of Pediatrics at the Jewish Hospi-
tal and Medical Center in Brooklyn, New York and a spe-
cialist in AAT disorders has said: “While I would never deny
anybody with one Z gene a job, I would definitely advise
that person to avoid a profession where he or she would
come into contact with any respiratory irritants. Personally,
if I had a single Z gene, I wouldn’t work as a copper smelter
or in a cotton mill; I'd learn other skills until the verdict was
handed down.”

In addition to the AAT marker, researchers are investi-
gating the possibility that workers who are most at risk for
respiratory illnesses have strong allergic reactions to airborne
irritants. Quite possibly, their immune systems are tuned to
marshal a powerful response to the invasion of particles; the
pneumonialike symptoms that occur are, in fact, directly re-
lated to the strength of the immune system’s response. So far,
testing for these allergic reactions is useful only after exposure
to the irritants. While the test may not be as helpful as the
advance notice offered by a genetic marker, it does warn that
breathing difficulties will develop if exposure continues.

Blood Feud

Between March 1968 and February 1969, some 4,000
young black men underwent Army basic training at an alti-
tude of 4,060 feet in Denver, Colorado. On the first day of his
training, a 21-year-old complained of faintness after a 20-
yard low crawl. He lost consciousness and was dead on ar-
rival at the local medical clinic. Another collapsed and lost
consciousness after a 40-yard crawl and a 300-meter run.
One hour after he regained consciousness in the hospital he
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fell into a coma; 24 hours later he was dead. A 19-year-old
dropped after running a mile on the 21st day of training; a
day later, he, too, died. And still another arrived late for
training, ran once around the barracks, and fainted. Eight
hours later, he was the fourth to die.

Autopsies later revealed that all four men had swollen
blood vessels packed with red blood cells. The cells had a
characteristic sickle shape.

These men did not have classic sickle-cell anemia; they
were merely carriers of a single sickle-cell gene. The distinc-
tion is important. Sickle-cell disease occurs in individuals
who have inherited two genes for an abnormal hemoglobin
molecule called HbS. When a red blood cell that contains
HbS hemoglobin loses its oxygen, the cell changes shape. Its
normal pliable form becomes long, curved, and rigid, like a
crescent or “sickle” moon. Because of their shape, the “sick-
led” cells pile up on one another and obstruct the flow of
blood to vital organs. The neighboring tissue, lacking oxy-
gen, begins to die.

Sickle-cell anemia, in which both hemoglobin genes are
affected, is a serious disease. It is the most common form of
hereditary hemolytic anemia, found in 15 out of every 10,-
000 black American children. But one out of every 12
American blacks carries only one copy of the gene; and that
is the disorder that has caused all the controversy.

Carriers of a single gene for HbS are said to have the
sickle-cell trait. They have minimal clinical problems; nei-
ther their average life expectancy nor the frequency of hospi-
talization is significantly different from individuals with
normal hemoglobin. Yet they are not completely spared. Al-
though their red blood cells are less likely to undergo sickling
than the blood cells of people carrying two HbS genes, the
problem usually affects between 20 and 40 percent of their
cells. They do show evidence of sickling.
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That is the catch. On the average, in an unstressed life,
there is no difference between carriers of a single sickle-cell
gene and normal people. But certain environmental triggers
(lack of oxygen, higher altitude, or dehydration after physi-
cal exercise) can cause the red blood cells of single-gene car-
riers to sickle. Some physicians have suggested that people
with the HbS marker should be warned against sudden
drops in oxygen, noting that such occupations as mine rescue
work and high altitude flying might be dangerous.

Still, a blanket indictment of the sickle-cell trait would
be a mistake. If the 4,000 blacks in that Army training pro-
gram had the same ratio of carriers as the general popula-
tion, about 330 of them were carriers and had no problem
whatsoever. For carriers of the sickle-cell trait, the critical
issue is not the trait itself but the degree to which it can af-
fect their red blood cells. The more the cells sickle, the more
likely they are to become ill. The same simple blood test that
identifies carriers can now also disclose just how much sick-
ling can take place. For the four black soldiers in Denver,
that information might have meant the difference between
life and death.

The possibility that certain environments might cause
illness among those with sickle-cell anemia, as well as among
some carriers led the U. S. Air Force Academy and some in-
dustrial concerns to institute sickle-cell screening programs.
The results have been mixed. The Air Force Academy,
which requires the screening, used to automatically disqual-
ify an average of five black students a year before one of
them sued in 1980, alleging discrimination. It was only a
matter of weeks before the Academy was forced to back
down and agree not to disqualify any otherwise eligible
black applicant simply because of his status as a carrier of

the sickle-cell gene.
The screening attempts of industry have been less con-
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troversial. The DuPont Company, for instance, was asked in
1972 by its own Black DuPont Employees Association to
begin a screening program. The test is voluntary; blacks can
refuse to take it without jeopardizing their chances for a job;
and DuPont does not deny jobs to those found to be carriers.
According to Charles Reinhardt, director of DuPont’s Has-
kill Laboratory for Toxicology and Industrial Medicine,
“Workers in whom we find these traits are offered placement
in areas where they cannot come in contact with the hazard-
ous chemicals.”

Nevertheless, even DuPont has come under some fire.
Some critics contend that the company should be cleaning
up the work environment instead of testing the employees,
and they point out that, while other ethnic groups are at risk
for different diseases at DuPont, only blacks are singled out
for a national screening program.

Sickle-cell anemia is not the only blood disease that turns
up in the workplace. The same problem that affects the Sar-
dinian population during fava bean-growing season—hemo-
lytic anemia—can also occur in the presence of industrial
chemicals.

Only one in a thousand Anglo-Saxons carries the G-6-PD
marker, but it appears in more than 10 percent of Filipinos,
American blacks, and Mediterranean Jews. When those with
the deficiency inhale chemicals as common as lead, carbon
tetrachloride, benzene, naphthalene (in moth balls), and
cresol, their red blood cells begin to explode. Recently, three
equally common culprits have been added to the list: ozone,
chlorine, and copper.

High concentrations of ozone are unhealthy for most
people, but those with G-6-PD deficiency are especially sen-
sitive. Ozone, a form of oxygen, is abundant at high altitudes
and in city smog. When people with G-6-PD deficiency are
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exposed to a level of only one-half part of ozone per million
parts of air (an amount commonly found in such major cities
as Los Angeles, Chicago, and London) for as little as three
hours, their red blood cells begin to disintegrate. Ozone has a
characteristic smell similar to electricity. But concentrations
as small as those that are dangerous can only be measured by
instruments.

Chlorine is used to disinfect urban water supplies. But it
can be poisonous to the susceptible individual. When chlo-
rine dioxide is bubbled through drinking water, it is trans-
formed into chlorite, which can cause hemolytic reactions.
(Chlorite can be detected at the filtration plant.) At least one
country has already responded to this health hazard; Nor-
way now recommends that drinking water be filtered for
chlorite during treatment.

Copper finds its way into the water supply when copper
plumbing is used in areas where the drinking water is either
too acidic or too alkaline. Copper’s ability to trigger acute
hemolytic anemia has pushed the National Academy of Sci-
ence to suggest that people with the G-6-PD marker are
probably susceptible to the metal and should avoid copper
plumbing if they can.

The compounds that trigger hemolytic anemia all have
one thing in common: They disrupt the normal functioning
of the red blood cells. In large concentrations, they can
seriously disturb even normal blood cells, but normal cells,
at least, usually can adapt to average stress.

Who Is Responsible?

The discovery of better and more accurate markers fore-
shadows the speedy expansion of industrial screening. Soon
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we may find ourselves caught in an ever-tightening spiral:
finding markers for more subtle problems, discovering larger
numbers of susceptible workers, labeling more and different
types of environments as hazardous. It is not inconceivable
that, through screening, industry will become the modern
counterpart of Diogenes as it searches for a perfect worker.

But perfection in industry is a relative trait. Is the perfect
worker someone who can function safely in nearly any en-
vironment? Or is it someone who can remain healthy only
after companies make a major effort to render the workplace
safe? Who is responsible for safety: the worker or the com-
pany?

That critical question has given medicine extraordinary
political leverage in industry, but it has also permitted poli-
tics to distort the traditional physician-patient relationship.
The same information that may help an employee decide to
avoid a toxic substance may also be used by an employer to
force a worker out of a job.

The issue is job discrimination, or what has been euphe-
mistically labeled “protective exclusion.” So far, only one
“genetic marker,” sex, has been used extensively for this
purpose; women have traditionally and consistently been ex-
cluded from jobs requiring excessive physical exertion. And
more recently, at least a dozen major corporations, including
Dow Chemical, General Motors, Monsanto, and Firestone
Tire and Rubber, have excluded fertile women of childbear-
ing age from certain jobs in order to protect the potential fe-
tuses from harm.

This policy has now been sharply attacked. In October
1978, four women who had undergone voluntary steriliza-
tions in order to keep their jobs at American Cyanamid’s
lead pigment plant in Willow Island, West Virginia, sued
the company. The women charged that by forcing them
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either to undergo the surgical procedure or to lose their jobs,
American Cyanamid had violated their civil rights.

American Cyanamid and other chemical companies
pointed out that unless they protected the potential fetuses,
they would be vulnerable to claims for damage if babies with
defects were born. The women contended that fetuses could
be harmed through the male as well as through the female,
and that men were not being restricted in any way. Further-
more, the women themselves were in no danger; the possible
hazards cited by the company extended only to their poten-
tial children. And some had no intention of getting preg-
nant.

The case went to trial and American Cyanamid lost the
first round. But no court case can answer all the questions
this suit raises; no set of Federal regulations will satisfy both
sides. Chemical companies simply cannot protect all their
workers, and their workers’ future offspring, from the possi-
bility of harm. In the particular case of American Cyana-
mid, the company’s liability in the suit was caused neither
by willful neglect nor by carelessness or indifference, but by
its interference in the lives of a group of people so that it
might protect the lives of others, even when they had not yet
been conceived.

The American Cyanamid case raises one of the most dif-
ficult problems faced by industry today: When only some
people are susceptible to an environmental hazard, what
should be the standard of effective protection? Should a
company provide a work environment that is completely
safe for the “average” worker? Or must it extend its efforts to
protect even those who are most susceptible?

The same dilemma can arise for any genetic trait that
makes a worker susceptible to chemicals in the environment.
The most common job-related problem, for instance, is a
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group of skin disorders that is lumped together under the
catch-all title, “industrial dermatitis.” Of every ten claims
paid by insurance companies for industrial disease, seven are
for some variety of dermatitis. Most stem from contact with
substances that are safe for most workers. Two easily ob-
served genetic markers serve as warning signals: race and oily
(as opposed to dry) skin.

Light-skinned people, especially those of Celtic origin,
are more susceptible to skin irritants than dark-skinned peo-
ple. The difference has nothing to do with whether or not
blacks have “thicker skin”; investigators have actually filed
the outer layers off and found that blacks remain more resis-
tant.

People with oily skin are more sensitive to certain oils
than their dry-skinned co-workers, but they are less sensitive
to industrial solvents like alcohol and turpentine.

Some companies look for these markers. DuPont in par-
ticular advises workers with oily skin to be more careful in
working with industrial oils, to wash more often, and to use
protective clothing.

But is that enough? Since most workers have no problem
with oils and solvents, is the company justified in assuming
that the process of protection can be left up to the workers
themselves? Or should it be taking steps to ensure that these
substances can never come in contact with sensitive skin?

The companies have argued that there are limits to what
they can do. Some problems are still technically insoluble
and the cost of alleviating others would be prohibitive. At
the height of the controversy over American Cyanamid’s fe-
male workers, the editors of Chemical Week wrote:

It makes no economic sense to spend millions of dollars to
tighten up a process that is dangerous only for a tiny fraction
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of employees—if the susceptible individuals can be identified
and isolated from it.

The other side emphasizes the responsibility of the em-
ployer to those whose lives he has bought for eight hours a
day, as well as to those whom he cannot afford to hire be-
cause the environment he has provided could cause them
(and, by legal extension, him) harm. It also warns that
screening programs may give companies the opportunity to
ignore their duty to clean up the workplace as they empha-
size deficiencies in the workers. Companies may assume that
it is simpler and cheaper to rid the environment of the sus-
ceptible worker than of the dangerous substance.

Nevertheless, the nature of the workplace makes it one of
the best locations for screening programs to take place. Stud-
ies have found that more than 90 percent of all workers in a
factory participate in voluntary screening programs at work,
as opposed to about 30 percent in identical programs in the
community. A program conducted on the job requires no
lost travel time. It makes counseling, observation, and medi-
cal follow-up much simpler. And the companies often pro-
vide staff doctors and nurses who are aware of their particu-
lar environmental problems to care for those identified as
susceptible. Because the American labor force includes
about 45 percent of the population, carefully organized in-
dustrial programs can reach most of those at risk.

Screening in industry ultimately protects both manage-
ment and workers. Pinpointing who is at risk and cleaning
up the environment are only beneficial when both sides un-
derstand the size and extent of the danger. True protection
for everyone concerned stems from a sharing of responsibil-
ity: a full effort by industry to clean itself up where it can;
and a recognition by workers that their health and safety
depends to a great extent on the choices they make.
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6. DIETS
AND

DRUGS

What is food to one man may be sharp poison
to another. LUcRETIUS

Whereas substances in the workplace
enter our bodies primarily through the
skin and lungs, products from the supermarket reach us
through our stomachs. Eating, in a sense, is just another way
that the environment gains access to our genes.

The relationship between food and health has long been
obvious. We have known since the nineteenth century that a
lack of vitamin C triggers scurvy, since the early twentieth
century that a deficiency of vitamin D causes rickets; and
television has now given us the chance to witness the horror
of children suffering from malnutrition. From the moment
green leafy vegetables were first forced between our lips, we
have been privy to the litanies of food and health: Spinach is
good for you; candy is bad.

Now those simple rules are growing more complex. We
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talk of low cholesterol and high cholesterol diets, of meals
stocked with roughage and bran, of meatless days and carrot
Juice, of multivitamin supplements to replace the nutrients
that modern food processing techniques squeeze out of what
we eat. Proselytizers choke the airwaves with advice on how
we can eat better to live longer. Entire magazines are dedi-
cated to the proposition that one diet plan or another can
offer us the ideal bodies we so desperately want. Literally
thousands of books beckon to us from bookstore shelves, urg-
ing us to balance or alter our eating and living habits to take
into account the latest in a long line of nutritional theories.

But they all fall short on one important level: They do
not discriminate. They are invariably aimed at the “average
individual,” a characterization that in itself makes no sense,
since no individual is truly average. They provide blanket
advice designed to help everyone, not recognizing the varia-
tions that exist among people—variations that alter their
needs and responses to different foods.

Like everyone else, geneticists used to view food as a gen-
eral means to a general end: dinner. But in the past decade,
they have begun to examine our eating habits and our ten-
dencies to gain weight with a critical eye. They are discov-
ering how foods can be harmful, not necessarily to every-
body, but to specific groups who may be susceptible.

Blame It on Your Genes

Our society is obsessed with the lean look. Our models
are ideally slim; obese people comprise perhaps the most
blatantly stigmatized group in society (after all, the logic
goes, they could do something about their problem, if they
only had the will power); millions of bottles of diet soda and
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tons of cottage cheese are consumed annually to make sure
that we can fit into our designer jeans.

Yet for some reason, we, as a society, do not lose weight;
the average individual is actually fatter than ever before.
Owr failure has been blamed on the nutritional problems of
dieting, the psychological aspects of obesity, the inability of
those caught in the weight spiral to realize that losing weight
is not painless, but requires discipline, exercise, constant ego
reinforcement, and a dedication to keeping the weight off
once it has been lost. This is a far cry from the claim of some
manufacturers of commercial products that taking a certain
pill or wearing something resembling a diver’s wet suit can
make all the difference in the world.

A recent survey found that Americans are among the
most overweight people in the world. Only the citizens of
Rome, Italy, come close to us in the amount of extra fat their
bodies carry. There is little doubt that much of this obesity is
related to the higher standard of living we enjoy—more cars,
more leisure, more calories—and that the amount of food we
eat is directly linked to our excess weight. But are these the
only factors?

In the early 1970s, many scientists believed they were.
They found that the number of fat cells we have depends in
large part on the amount of food we consume as children. If
we are too well fed, we develop too many cells. Then, as we
grow, the cells remain. Their number can be increased by
overeating. Dieting causes them to shrink, but not to disap-
pear. This is how too much to eat early in life may almost in-
evitably lead to some adult obesity.

The role of the fat cells in obesity is now generally ac-
cepted. But it is slowly being buttressed by questions sur-
rounding the contribution of the genes. Genes are involved in
helping to determine whether or not you can stay slim. Ev-
eryone is familiar with cases of grossly overweight people
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who suffer from hormonal imbalances. The fat lady in the
circus is one example; the 1,069-pound man in the Guiness
Book of World Records is another. But they are rarities. Nobody
decides to eat less for fear of ending up looking like them.

It turns out that all these factors are important. All con-
tribute to the general state of obesity that exists in the
United States.

When scientists first suspected that obesity could have a
genetic component, they found themselves in a corner. Most
studies pointed to dozens of environmental factors, all of
which made it difficult to isolate the genes and experiment
with them. Nevertheless, the scientists realized that even
people of normal weight put on pounds at different rates
when they consumed identical amounts and kinds of cal-
ories. They were struck by the implication that genes could
be deeply involved in weight gain. As usual, when con-
fronted by a difficult genetic problem, they turned to a
mouse for assistance. In this case, they happened to find a fat
mouse.

The obese mouse carries two copies of a gene called the
obese, or ob, gene. Littermates who are identical in every
other way but lack the ob gene remain lean. When scientists
compared the two types of mice, they found that, if given the
same amount of calories as the lean group, the obese mice
retained a greater portion of the energy they took in. In
short, the lean mice were better equipped genetically to burn
off the energy they didn’t need.

Soon the genetic defect caused by the ob gene was pin-
pointed. The problem was in sodium potassium ATPase—
an enzyme also called the sodium pump because it regulates
the amount of sodium and potassium inside cells by pump-
ing the salts through the cell walls. The pumping process is
critical for maintaining proper cell function throughout the
body; it also consumes large amounts of energy. In fact, some
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scientists have calculated that between 20 and 50 percent of
a cell’s heat 1s generated by the activity of this pump.

Could the defective enzyme be a marker for obesity?
Could humans have the same defect as mice? Mario de Luise
and his colleagues at Boston’s Beth Israel Hospital under-
took a study of obese patients to find out. They examined 23
patients, ranging in age from 22 to 49 years old. The seven
men and sixteen women were two and one half to five times
heavier than the weights most nutritionists would consider
ideal for their heights and body types.

Routine laboratory tests all proved normal, except for
slightly elevated sugar levels in two of the patients. There
were no clinical indications of hormonal imbalances. And so
de Luise and his team checked the activity of the sodium
pump. Two of the subjects’ problems turned out to be unre-
lated to the activity of the sodium pump; they are still being
studied. But the 21 others had lower pump levels than all
but the lowest of a normal group of controls.

One question remained—the chicken-or-the-egg problem
that often confronts scientists who find two things that relate
to each other: namely, did the people have less active pumps
because they were obese; or did they become obese because
they had less active pumps? Only the second possibility held
the promise that the level of activity of the sodium pump
could be used as a genetic marker.

The solution was simple; the scientists examined the
pump’s activity after the patients had lost weight. About 18
months after the patients began a strict diet, they had suc-
ceeded in losing an average of 18 pounds for every hundred
they had originally weighed. But there was no change in the
pump’s activity; the difference in weight had no effect on the
amount of energy the pump consumed.

The Beth Israel work alone is not enough to confirm the
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usefulness of the sodium pump as a marker for obesity; new
studies must be undertaken to answer questions that are still
unanswered. But animal studies of the pump’s activities
from birth support de Luise’s findings. Together, they
strongly suggest that people can have either active or slug-
gish sodium pumps. The type of pump we have can tell us
whether we will have difficulty in burning off excess cal-
ories—in other words, whether we are prone to at least one
type of obesity. In practical terms, it means that certain ge-
netically-based problems of obesity require dietetic treat-
ment with an eye to the genes; visits to psychiatrists and self-
help groups may improve a person’s willingness to hold to a
strict diet but will have no effect on the underlying causes of
the problem. In philosophical terms, it means that blanket
statements about obese people are grossly unfair. They do
not necessarily lack will-power or motivation. They do not
necessarily develop a lessened concern for their appearances.
Their bodies merely react differently to an environmental
stimulus—food.

While some people worry about how much weight they
gain, others are concerned about their inability to put on a
few pounds. Some suffer physical problems when they try to
eat more food. Those with less severe problems may have
only mild discomfort and diarrhea. Others, suffering in the
extreme, may have gross disturbances in structure and func-
tion: weight loss, muscle wasting, and skeletal disorders. De-
spite the wide variety of clinical signs, many of these people
suffer from the same syndrome, celiac disease, caused by the
same genetic trait, the inability to absorb food from their in-
testines.

The reasons for celiac disease are still far from clear. But
at least one environmental trigger has been identified, a pro-
tein called gluten. Many who suffer from celiac disease can-
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not tolerate foods made from wheat, rye, and other types of
flour (bread, cakes, cookies, pasta), as well as beer and ale,
which also contain gluten. When these foods are eliminated
from the diet, appetite improves, diarrhea disappears, and
weight begins to increase.

Gluten causes problems when it cannot be fully digested
and excreted. It then appears to have some toxic effect on the
cells of the intestinal wall. After a while the wall itself begins
to undergo a physical change, becoming thicker and less ca-
pable of absorbing nutrients. At that point, the disease
begins to have clinical implications.

Just how many people suffer from gluten sensitivity is not
known; about 70 percent of the reported cases are women.
But because the symptoms can be so mild, many people
never seek medical help; and even those who do are often
misdiagnosed. People can go through life with minor intesti-
nal discomfort, never realizing that the problems are caused
by the wheat proteins they consume every day.

Chronic progressive problems like celiac disease are natu-
ral targets for genetic prophecy. Cutting back on one’s con-
sumption of wheat may be an inconvenience, but if it pre-
vents or cures a potentially serious illness, it is worth the
sacrifice.

So far, several HLA markers have been found in people
who are sensitive to wheat. Although they are probably not
directly related to the problem, their association can be quite
powerful. One of the HLA markers—HLA-Dw3—appears
in 98 percent of those who have the sensitivity. Someone
with the marker who habitually eats wheat has 278 times
greater chance of getting celiac disease than someone with-
out it. But if that same person begins to avoid wheat and its
products early in life, the risk drops to normal levels. Others
with the marker may continue to enjoy wheat and grain
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products until the early stages of the disease are disclosed by
regular checkups that pay particular attention to the possi-
bility of intestinal damage. For those with the sensitivity,
food companies have developed flour that is gluten-free.

Modern technology has also produced a substitute for
another product to which millions of people are sensitive:
milk. Lactose, or milk sugar, is an irritant to those who are
genetically incapable of digesting it. Because they lack a crit-
ical enzyme, their systems cannot tolerate milk. They suffer
abdominal cramps, bloating or distension, and diarrhea.

While only about 5 percent of the adult white population
in the United States is sensitive to milk, as many as 60 to 90
percent of American blacks and a large number of Northern
Europeans and Orientals have the deficiency. The high inci-
dence of the disorder among American Indians explains why
they used to paint their adobes with the powdered milk they
were given by the government. They weren’t ungrateful; it
just made them sick.

In many of these people, symptoms of milk intolerance
do not occur until puberty or late adolescence. Although a
simple blood test can locate a genetic marker that pinpoints
this predisposition, physicians have found little reason to
bother with the test. Milk intolerance is not life-threatening;
it does not progress irreversibly. Simply avoiding milk and
milk products, or using the milk substitute (in which the lac-
tose has been broken down) is enough to clear up the symp-
toms once they begin.

Ulcers

Twenty million Americans have duodenal ulcers. In 1979
alone, they spent $2.2 billion on health care. But the real
costs, in pain and suffering, far exceed those numbers.
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For as yet unknown reasons, most people who are suscep-
tible to ulcers produce too much stomach acid. The acid that
is not used to help digest food starts to work on the walls of
the stomach and intestine. Normally, the walls are protected
by a secretion that neutralizes the corrosive effects of the
acid; but if too much acid is produced, the defense falters. If
the acid burns deeply enough, it can reach the blood vessels
and cause intestinal bleeding, which is a clear sign of serious
digestive problems.

Duodenal ulcers were one of the first disorders to have a
genetic marker mainly because the marker, ABO blood type,
was discovered and studied so early. The major ABO types
have been known since 1900. Testing for them has always
been so simple that we have gathered comprehensive statis-
tics on all sorts of ethnic, racial, and geographical groups.
We know, for instance, that 44 percent of white Americans
have blood type O, compared to only 25 percent of Paki-
stanis and over 85 percent of Chippewa Indians. We also
know that blood type O points to a slight but significant
predisposition to duodenal ulcers; those who have it are 1.4
times as likely to get ulcers than those with types A, B, or
AB.

The correlation of blood type O to ulcers is low; it 1s
probably not directly linked to the mechanisms of acid pro-
duction that causes the disorder. Recently, however, re-
searchers have begun to discover exactly what those mecha-
nisms are. In the process, they have uncovered a marker that
may be extremely useful for prediction.

In 1971, Jerome Rotter of the Harbor-UCLA Medical
Center carried out a collaborative study with colleagues
from the University of Liverpool, England, combing the
records of patients at the Broadgreen Hospital in Liverpool
for a list of patients with duodenal ulcers. They found 123
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people whose families agreed to participate in a broad study
in which all brothers and sisters would be medically exam-
ined.

The investigators examined the family members for both
ulcers and high levels of pepsinogen 1, an enzyme produced
in the stomach. They identified individuals with ulcers in
over half the families. And the incidence of ulcers in these
families was extraordinarily high; of the 111 brothers and
sisters in families with a history of ulcers, 29 (more than 25
percent) had the problem. Obviously, just being a member
of the family somehow increased the risk.

But the real payoff came when those same 111 family
members were checked for their pepsinogen 1 levels. Half
had high levels, half had normal levels; but almost all the
ulcer victims had high levels. Of the 29 individuals who were
found to have ulcers, 22 produced too much pepsinogen 1.
And even among the seven who did not, three fell on the
high side of the normal range. A full 40 percent (22 out of
55) of those with high pepsinogen levels developed ulcers,
compared to only 12 percent (7 out of 56) of those with nor-
mal levels.

When we can predict that individuals in certain families
have two chances in five of contracting duodenal ulcers, we
are beginning to reap the benefits of genetic prophecy. Pep-
sinogen 1 levels can be measured in the blood. Members of
families with a history of duodenal ulcers who produce too
much of the enzyme may be encouraged to reduce their
chances of getting ulcers by avoiding foods like coffee and
alcohol (which are known to increase acid secretion in the
stomach) and by staying away from the light midnight
snacks that encourage the stomach to produce digestive
juices without giving it enough material to digest.

No studies have yet been performed that evaluate the im-
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portance of a high level of pepsinogen 1 and blood type O to-
gether as markers for ulcers. These and other studies may ul-
timately pinpoint a smaller group which carries an even
higher risk.

Abnormal levels of pepsinogen 1 and specific blood
groups have a relationship that extends beyond ulcers, how-
ever. Recently, they have turned up as markers with impor-
tant implications for another disease: stomach cancer.

Three decades have passed since a significant association
was reported between stomach cancer and blood type A. But
the risk for people with blood type A was only slightly higher
than that of the general population and the usefulness of the
blood type as a marker by itself was questionable. Re-
searchers began to look for other ways to identify a smaller
population with a higher susceptibility.

In 1980, they found one. Abraham Nomura of Honolulu,
Hawaii took blood samples from 7,498 Japanese men in the
late 1960s. Ten years later, he tested them for stomach
cancer and found 48 cases. Among the markers examined
was the enzyme which is increased in ulcer patients, pepsin-
ogen 1. One-third of the cancer victims had /low levels of
pepsinogen 1, compared to about one-sixteenth of the nor-
mal population. And all those with low levels had the same
type of cancer, known as “intestinal mixed-other.” Nomura
calculated that people who are under 60 years old and have
low levels of pepsinogen 1 carry a risk of stomach cancer that
is more than 20 times higher than that of the general popula-
tion. Although little is known about harmful dietary factors,
successful treatment of stomach cancer depends partly on
catching it early enough. The discovery of the pepsinogen 1|
marker should at least give those at risk a better chance of
being diagnosed early.
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Toward a Personalized Diet

Just as no job is suitable for everyone, no diet can serve
everybody’s nutritional needs. Genetic markers can act as
early warning signals for our personal eating habits. In par-
ticular, they may be useful for uncovering conditions that
might not necessarily drive us to seek medical attention. A
small percentage of older women of Scandinavian, Irish, and
English descent, for instance, suffer from a blood disorder
called pernicious anemia. They tire easily and develop
shortness of breath, frequent headaches, and slight palpita-
tions, the kinds of symptoms that are all too often dismissed
by friends and physicians as stemming from some minor
Neurosis.

But pernicious anemia, while rare, is an identifiable ge-
netic disorder. It arises when the red blood cells lack a spe-
cific protein that allows them to absorb vitamin B,,. The
cells need the vitamin; without it, they become bloated and
heavy. Ultimately, their inefficiency can disrupt the function
of peripheral nerves; and pernicious anemia can cause severe
neurologic problems.

The disorder strikes only about one out of every 200 older
women of Scandinanvian, Irish and English descent. The
only genetic marker thus far discovered, HLA-B7, merely
doubles the odds to one in a hundred—not nearly high
enough to concern either physician or potential patient.
Nevertheless, its tendency to run in families and the presence
of a defective protein makes it likely that investigators will
soon discover a causative genetic marker (perhaps the pro-
tein itself) that can pinpoint those at risk. At that point,
prevention may be simple; the ingestion of a larger dose of
vitamin B, to offset the body’s inability to absorb it.

Pernicious anemia is just one of a host of disorders that
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links foods and nutrients to genes. In the last decade, similar
connections have focused attention on some uncommon ge-
netic reactions to some very common foods:

« Chocolates, which contain a chemical called pheny-
lethylamine, can cause migraine headaches in those
who have low levels of monoamine oxidase, an enzyme
that can transform phenylethylamine to a usable, di-
gestible form.

» Nearly all cheeses contain the chemical tyramine,
which can trigger migraines in people who cannot
transform it into a form the body can excrete. The en-
zyme that causes the transformation, tyramine transa-
minase, can be measured in the blood. The lack of the
enzyme predisposes one to migraines.

- Iron-fortified foods (like some white breads) can cause
an iron-storage disease called bronze diabetes in those
with defective iron-carrying proteins in their blood.
HLA-A3 identifies people who are nine times more
likely to be affected than the general population.

» Vegetables like cabbage and Brussels sprouts contain
substances (such as phenylthiocarbamide, or PTC)
that may cause goiters, apparently by interfering with
the thyroid’s ability to gather iodine. These substances
taste strongly bitter to people who carry a dominant
“taste” gene. Because nontasters crop up more fre-
quently than expected among patients with non-toxic
goiters, some scientists have theorized that nontasters
may eat more goiter-inducing foods because they can-
not detect their bitterness. Others suggest that tasters
have a built-in early warning system; they may be
more susceptible to the goiter-causing compounds—
but shy away from them because of their unpleasant
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taste. The connection between thyroid abnormalities
and nontasting is also found in disorders other than
goiters. (Testing for the ability to taste PTC is a simple
matter of dabbing some on the tongue and deciding
whether the sensation is unpleasant.)

Genes and Drugs

King George III of England, who ruled the Empire dur-
ing the American Revolution, was prone to periodic fits of
madness. His symptoms were such that psychiatrists today
might term him a paranoid schizophrenic; they were so se-
vere that, during one particularly long bout, Parliament de-
bated whether the King should be declared permanently ill
and replaced.

The pattern of his illness and the genetic heritage he
passed on have convinced medical historians that George III
was not suffering a form of mental illness. Rather, he was
predisposed to porphyria, a disease that can be triggered by
such substances as alcohol (as was probably the case for
him), barbiturates, and sleeping tablets. Porphyria is also
easy to recognize clinically; people suffering from it pass
wine-colored urine.

Porphyria is a genetic disease that appears with greater
frequency than usual among the white population of South
Africa. That country has accepted its burden and has passed
a law that requires physicians administering barbiturates to
test their patients first for susceptibility to porphyria. This
marked the first time that testing for a genetic sensitivity to
drugs has been legislated into national practice.

In a sense, drugs are simply a more potent form of food.
They are both used to maintain or restore the balance of
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health; and they have common origins: some plants were 1n-
gested because they tasted good or provided nutrition; others
were chewed on to counteract disease. Even today, 80 per-
cent of all our pharmaceutical products are extracted from
plants. Their chemicals are simply more concentrated,
purer, and more powerful than those in food.

Drugs are prescribed to prevent or cure disease, but they
can also cause it. Everyone knows of deaths caused by an
overdose of sleeping pills or an allergic reaction to penicillin.
But most people do not realize that something can go wrong
nearly every time a drug is prescribed.

Physicians recognize the dangers. They even have a
word—iatrogenic—that describes adverse conditions that
occur as the result of medical treatment. They have found
that hospitalized patients, for example, receive an average of
10 different drugs during their stays, and that approximately
7 percent suffer undesirable reactions. In addition, as many
as 20 percent of all patients suffer adverse drug effects at
some time during their lives. When a drug causes an iatro-
genic disease, physicians have learned to ask why.

The search for answers begins every time a new drug is
discovered. It costs a company about $60 million to bring a
single new drug to the market. Before it hits the local phar-
macist’s counter, the drug is examined for its chemical prop-
erties (how long it is stable, how fast it dissolves, at what
temperature it decomposes), as well as for its biological prop-
erties (how rapidly the body absorbs it, which cells it affects,
how long it stays in the tissues). By tagging it with radioac-
tive labels, scientists can follow its path from the moment it
enters the body to the moment it leaves.

Nevertheless, these laboratory tests describe an average for
the distribution of a drug in the body and the rate of its elim-
ination. In patients, these properties are influenced by vari-
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ous factors: age, weight, diet, and other drugs. We are
warned not to mix alcohol and sleeping pills, and we cut a
dose of aspirin in half before giving it to young children.

Genes, too, can dictate different reactions to the drugs we
ingest. Studies of identical twins, for instance, have consis-
tently shown that the way we handle drugs depends to a
great extent on our heritage. Different people can take from
a day to a week to clear an equal dose of the same drug from
their bodies. But identical twins’ rates of elimination are al-
most exactly the same. Because of the vast array of factors
that can change our response to drugs, physicians are now
trained and encouraged to devise drug regimens that are tai-
lored to the particular patient. And genetic markers are
helping them in that task.

Sometimes those markers can be as straightforward as
the ABO blood types. The link between oral contraceptives,
blood type A, and blood clots, for example, was discovered in
the simplest of experiments.

In 1969, physicians who were monitoring the blood types
of patients admitted to the wards of three Boston hospitals
noticed that fewer patients with blood type O received anti-
coagulant drugs (used mainly to treat blood clots) than those
with other blood types. This tiny lead and the controversies
surrounding oral contraception prompted them to arrange a
cooperative study among research groups in the United
States, Great Britain, and Sweden to determine whether
their original discovery meant anything.

It did. When the three surveys had been completed, they
all showed that young women with blood type A were
slightly more prone to clots than those with blood type O.
But that slight increase in risk actually doubled if the A-type
women also took birth control pills. In all, women with
blood type A who also took oral contraceptives were two and
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one half to five times as likely to develop blood clots as
women on the pill with blood type O.

The blood type A marker for predisposition to clotting
differs from most other markers for drug reactions primarily
because the illness it can cause stems from constant use of
birth control pills. Other drugs often trigger more immedi-
ate, if not more tragic, results. Most of them are foreign
compounds that the body has never before encountered; we
cannot always know ahead of time how we, as individuals,
will react. Despite the extensive tests that a pharmaceutical
company may put a drug through, it is still too easy to over-
look the rare individual who may have a bad reaction.

The muscle relaxant succinylcholine typifies the rare yet
dangerous genetic susceptibilities that may occur. Patients
undergoing surgery must often be completely relaxed before
they can undergo a variety of surgical procedures—the ma-
nipulation of an arm or a leg, perhaps, or the insertion of a
tube down the throat.

Succinylcholine makes these procedures possible. It
causes muscles to relax completely, but its effects usually last
about two to four minutes, which is not long enough to cause
problems. From its first application in the early 1950s, physi-
cians praised its safety. By 1952, several thousand patients
had received the drug without ill effects. Then the trouble
began.

In 1952, two patients at St. Bartholomew’s Hospital in
London were given the standard dose of succinylcholine.
Four minutes passed; the drug-induced effect of muscle re-
laxation (or paralysis) showed no signs of abating. In both
cases, the surgeons went quickly to work. Prolonged paralysis
would involve the respiratory system; if they failed to com-
pensate for it by getting air to the patients’ lungs, the two
would die.
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The paralysis lasted 20 minutes for those two particular
patients. For others since, it has gone on for up to three
hours. And while there are no reports in the literature of
deaths from prolonged reaction to succinylcholine, most
physicians acknowledge that some have probably occurred;
the surgeons involved doubtlessly considered it in their best
interests to keep the cause of death quiet.

Thus, a drug that seemed perfectly safe when it was
given to one or two or even a thousand patients was found to
be dangerous in about one in every 2,500 cases. The suscepti-
ble individuals, missed by toxicity studies when the drug was
originally tested, began to turn up.

We now know that susceptibility to succinylcholine is
caused by a genetic variant. But while a simple blood test
allows us to test for it if we wish to, the rarity of the variant
makes that particular option economically unsound. Today,
surgeons continue to give succinylcholine to all patients who
require it during surgery. But they are constantly on the
alert for the first sign of susceptibility, ready to apply artifi-
cial respiration if it is needed.

As we improve our methods of researching drug-gene in-
teractions, new correlations continue to crop up. One of the
more recent involves the AHH system, the genetic marker
for lung cancer in smokers. Hitoshi Shichi of the National
Eye Institute has found that high levels of AHH in mice
coincides with the formation of cataracts in those exposed to
large doses of acetaminophen, the active ingredient in the
over-the-counter pain suppressant, Tylenol. Although cata-
racts can be triggered by other drugs as well, Shichi discov-
ered that his animals began to develop them within six hours
after he had administered large doses of acetaminophen. It
appears that the drug is rapidly converted into some other,
as yet unknown, chemical in mice with high levels of AHH;
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it then flows through the bloodstream to the eye, where it in-
teracts with the lens to produce the disorder.

A similar connection between acetaminophen and cata-
racts in humans has not yet been established, but it seems
possible. Many people take the drug daily; and it may just
be that the high incidence of cataracts in older people is
partly due to the prolonged use of acetaminophen to coun-
teract the pain of arthritis, Cataracts can be induced by
other chemicals as well, from the naphthalene in moth balls
to various substances floating around dye and chemical fac-
tories. The search for a genetic marker to pinpoint those who
are susceptible is very recent; AHH may well turn out to be
that marker.

Other drug-gene interactions are being discovered almost
daily:

» The acetylator type—the same marker that pinpoints
propensity for bladder cancer in workers in the plastics,
rubber, and dye industries—also can affect responses to
different drugs. Fast acetylators (people who break
down the chemical arylamine easily) may develop liver
poisoning from taking too much isoniazid, the drug of
choice for tuberculosis; slow acetylators may risk dam-
aging their peripheral nerves with the same drug.

Slow acetylators also seem to be more prone to lupus
erythematosus, a terrible disease in which the body’s
immune system turns against itself. In at least some
cases, the environmental trigger has been hydralazine
(also known as Apresolin), a drug used to counter hy-
pertension.

« Aplastic anemia, a fatal disease of the blood, can be
triggered by the antibiotic chloramphenicol. People
whose bone marrow cells have greater difficulty in
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synthesizing DNA when they are tested in the presence
of the drug are susceptible.

» Toxic reactions to sodium aurothiomalate (used in the
treatment of rheumatoid arthritis) can be predicted on
the basis of HLA type. Studies carried out at Guy’s
Hospital in London in 1980 showed that 19 out of 24
patients with toxic reactions carried HLA-B8 or Dw3,
with a 32-fold risk over others.

« Warfarin and dicumarol are anticoagulants, used to
treat hundreds of thousands of people who have had
pulmonary embolisms or deep vein thromboses. Some
people are sensitive to the drugs; AHH, or a similar
group of enzymes, may someday be used as a marker to
determine who is at risk.

« Severe hemolytic anemia in those with G-6-PD defi-
ciency can be triggered by everything from sulfa drugs
and primaquine (used to treat malaria) to antipyrene
(an analgesic used for swimmer’s ear) and Furdantin (a
bacteriocide).

By now it should be clear that anyone with a relative
who has had a severe drug reaction should tread cautiously
when around drugs. The genetic link to drugs means that re-
actions tend to run in families. Because many reactions are
so rare, it is our responsibility to take notice of any that
rnight apply to us. If your family history includes bad reac-
tions to some drugs, it is essential that your physician be
told. You may never confront your own drug sensitivities.
But you might, and the use of genetic markers could save
your life.
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7. GOOD
GENE,
BAD
GENE

Does anybody know what will be best for mankind cen-
turies or millennia hence? No heredity is ‘good’ regard-
less of the environment.

TrHEODOSIUS DOBZHANSKY

lt was, from all accounts, a wonderful party.
Among the guests were Isadora Duncan, the
dancer, and George Bernard Shaw, the Irish playwright.
Somehow they managed to sit next to each other at dinner.
Isadora Duncan seized control of the moment. She turned to
Shaw: “Wouldn’t it be wonderful if we could have a child
with my looks and your brains?” she asked. Shaw considered
the possibility. “Yes,” he answered slowly. “But what if it
had my looks and your brains?”

Even before genetics became a full-fledged science, it
constantly forced us to make value judgments. Parents-to-be
hoped that their children would inherit what they consid-
ered their “best” traits, while praying that they would not be
cursed with less desirable family attributes. From the begin-
ning, people formed clear ideas as to what constituted good
genes and bad.
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In the extreme, the worst genes are easy to identify. A
gene that prevents an embryo from maturing into a live
baby is clearly deleterious. One out of five of all conceptions
ends in spontaneous miscarriage, and most geneticists agree
that genetic factors play an important role in this loss. The
ratio is probably even higher than that; defective genes are
also implicated in the inability of some fertilized eggs to at-
tach themselves to the uterine wall, which is a failure that we
cannot yet detect.

General agreement also exists about the value of genes
that may lead to gross physical abnormalities. Gene-directed
characteristics like the absence of arms and legs may be com-
patible with survival, but only if society takes extraordinary
steps to sustain the life of the affected child.

Incest

We all probably carry blueprints for characteristics that
are incompatible with life. These genes have been termed
our genetic load. While they may be lethal, they are recessive
and do not express themselves as traits unless we happen to
inherit two that are identical. Through the pain of experi-
ence, every society learns what happens when these genes are
expressed. People have long realized that children born to
parents who are genetically related die more often and ear-
lier than other children. The closer the kinship between the
parents, the worse the outcome.

A study of church records in the District Morbihan 1n
France indicated the danger to children born of related par-
ents. When parents were unrelated, the frequency of still-
births and neonatal deaths was approximately 4 percent.
Second cousin marriages almost doubled the number; and

i ]



GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

children born of marriages between first cousins died more
than 11 percent of the time. The figures for deaths during
early childhood were equally revealing; about 9 percent
of the children with unrelated parents, about 11 percent of
children of second cousins, and over 15 percent—one out of
every six children—among first cousins, died.

Since earliest times, societies have responded to the
knowledge that incest can lead not only to earlier death for
offspring but also to severe disorders of both the mind and
the body. That germane piece of genetic information is at
the root of the nearly universal prohibition on incest.

Modern genetic theory can now explain what common
sense has told us over the centuries. The development of a
human embryo is like the creation of an automobile from
two sets of blueprints. Directions for building each part may
exist; but not all the directions lead to usable parts. Blue-
print A, while reasonably complete, may have garbled in-
structions for making a windshield wiper—a problem solved
by clear information in blueprint B. Meanwhile, blueprint B
may give directions for a horn with misconnected wires and
a useless shape, a component that can easily be built from di-
rections in blueprint A. By building the components using
only the worthwhile information—windshield wipers from
blueprint B and the horn from blueprint A—we can con-
struct a complete, running automobile, either discarding or
not building the faulty parts in the process.

In each case, the faulty information never appears in the
completed car; that information is hidden, or recessive. The
information from which the parts are actually built is dom:-
nant. Clearly, if both blueprints A and B carry faulty infor-
mation for the same part, the part would be unusable.

Human beings carry an average of four to eight recessive
genes, any one of which may lead to problems if it 1s paired
with an identical gene. When two parents pass on the same
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recessive gene to their child, the defect appears. Normally,
the chances of two people, chosen at random, having the
same defective gene is extremely small. Scientists estimate
that we have anywhere from 50,000 to 100,000 pairs of
genes, any one of which might be defective. It is only when
individuals from the same genetic line mate with each other
that the two defective genes are more likely to appear in the
offspring. That is the main reason for the taboo on incest.

While it is easy to come to an agreement about genes that
kill, the vast majority of genes are less dramatic in their ef-
fects. They crop up in a number of subtle guises, many of
which are not necessarily detrimental. Distinguishing good
genes from bad can be an elusive exercise.

We can view genes as bad in three different ways:

» We can compare them to other, better genes.

« We can view them as both good and bad at the same
time.

« We can judge their value according to the circum-
stances in which they are expressed.

Comparing Genes

Comparing one gene to another is a question of percep-
tion and personal values. It can be a simple matter of pre-
ferring one alternative over another when neither is clearly
harmful or beneficial.

When genes are compared, their value may change, de-
pending on the genes to which they are compared. If, for in-
stance, someone is born with the ability to distinguish
among three fine shades of red, while the average person can
only discern two, we might assume that he has inherited the
“good” genes for color discrimination. But if he grows up in
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a family of artists, all of whom can distinguish among five
different shades, he might be considered unfortunate and ge-
netically bereft.

When a gene’s merits are judged by personal standards,
generalization becomes difficult. Genes do not act in a vac-
uum; they cannot be judged out of context. A gene which is
good in one person’s view may be bad in another’s, not be-
cause the gene itself changes, but because of differences in
personal and social views.

Good News and Bad News

A gene can be both good and bad when it has several dif-
ferent effects, depending on the environment. No matter
what your HLA type is, it contains potentially good and bad
characteristics: it may be associated with a resistance to one
illness, and a susceptibility to another. Among the cancers,
for instance, the HLA markers Aw19 and B5 indicate that a
patient has a better chance to survive at least two years if he
contracts bronchial cancer, but is less likely to respond to
therapy if he contracts Hodgkin’s disease. This damned-if-
you-do-and-damned-if-you-don’t dilemma exists with most
of the alternatives among HLA types.

Other markers present the same mixed blessing. Persons
with high AHH levels have an increased risk of cancer after
skin contact with some chemicals and a decreased risk for
leukemia if the same chemical is taken orally. And among
the blood group markers, people with type A are more sus-
ceptible than type O people to rheumatic diseases, but more
resistant to stomach ulcers. Which 1s the good gene and
which is the bad?

This does not imply that it does not matter which genes
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you carry. The whole point of knowing which genes you
have is to help you decide what to avoid and what to enjoy.
If a woman with blood type A is concerned about her suscep-
tibility to forming blood clots while using oral contracep-
tives, she can elect to stop taking the pills.

Two-faced genes are more or less the rule in heredity.
Most genes are compromises between desirable and undesir-
able characteristics.

When Bad Is Good

At the beginning of the nineteenth century, it was easy to
decide between good and bad genes for Biston betularia, a spe-
cies of moth that lives around Manchester, England. To
protect themselves, the moths had developed a light grey col-
oring on their wings and bodies—a shade that blended per-
fectly with the rocks and tree trunks of the area. The
thrushes, yellowhammers, and lepidopterists—all predators
for the moths—used their eyesight to locate food and speci-
mens. The better the moths were at looking like a part of
their inedible, uninteresting surroundings, the better their
chances of staying alive. The predominant genes for body
color—the light shades of grey—had to be good genes; they
helped the moths to survive.

The first black specimen of Biston betularia was snared in
Manchester in 1848. It was probably a mutant strain, the re-
sult of two recessive, dark-colored genes appearing in the
same creature. The insect didn’t have a chance.

But over the next 50 years, black strains of the moth
began appearing in larger and larger numbers. It appeared
that the industrialization of England—with its soot and pol-
lution—was changing the color of the moths’ surroundings.
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The light moths stood out against the darkening background
like lanterns in the night. Their predators picked them off
with ease. The genes for grey body and wing color, so essen-
tial to the moths of 50 years before, were now dangerous.

The number of light-colored moths dwindled; the num-
ber of dark moths increased. By 1895, about 98 percent of all
moths living around Manchester were black. The same phe-
nomenon was repeated in industrial areas of Germany, Po-
land, the Austrian Empire, and North America. The gene for
black body and wing color had come into its own.

Now the pendulum seems to be swinging back. As we
undertake the task of cleaning up our industrial messes, the
trees and rocks are again becoming grey. Black moths are
suddenly at a disadvantage. Once again, they are giving way
to grey moths.

This process of evolutionary survival and genetic selec-
tion touches every living creature, including man. Many im-
portant genes have the capacity to be beneficial or harmful,
depending upon the circumstances in which they are ex-
pressed. A particular genetic variation that proves undesir-
able in one time or place may be innocuous in another.

In the same way, traits that used to be critical to our own
survival may no longer be so important. As man evolved
from a hunter in primitive societies, he built a culture that
could easily accommodate certain previously unhealthy ge-
netic characteristics. Ten thousand years ago, a nearsighted
hunter could easily become a target for other predators. Not
only was he probably inept as a killer, but he was less apt to
notice danger. Genes for poor eyesight, of which several hun-
dred are known today, were considered bad; it is doubtful
that those who carried them managed to survive very long
under conditions which demanded daily visual acuity. But
civilization and eyeglasses have changed that equation;
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nearsightedness today is an inconvenience to some and a
modest cosmetic concern to others, but it is rarely a major
disability, and it certainly is not life-threatening.

Resistance to malaria is another such example. Malaria
is caused by a mosquito-borne parasite. It is still the most
important infectious disease problem in the world. The
parasite 1s found in South and Central America, Africa, and
Asia, where Anopheles mosquitoes provide the transportation
and susceptible human beings provide the food.

The parasites’ banquet hall is the red blood cell, where
they reproduce. In many cells, the production of new para-
sites continues until the cells burst. The victim suffers from
chills, fever of up to 107°F, headaches, muscle pains, and
anemia. Young children and pregnant women are particu-
larly likely to develop symptoms that lead to death.

Yet despite the vast areas of the world in which the para-
site 1s found, mankind has survived. Part of the reason is the
high proportion of individuals who are genetically resistant
to the disease. They can be placed into two groups: those re-
sistant to the parasite Plasmodium vivax; and those resistant to
the closely related Plasmodium falciparum.

In 1979, P. vivax was the agent for most of the 2,053 cases
of malaria imported into the United Kingdom. In addition
to immigrants and foreign tourists, about 13 percent of the
cases occurred among sea or air crews and among English
tourists and businessmen returning from abroad. According
to the Malaria Reference Laboratory at the London School
of Hygiene and Tropical Medicine, 89 percent of the cases
contracted in Africa, India, and other parts of the world
were of the P. vivax type. Nineteen seventy-nine was the sev-
enth year in a row with a steady increase in the disease; and
mutant strains of the parasite with greater resistance to the
drugs used to combat it are beginning to surface.
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There are, however, those who are protected from P.
vivax. Those most likely to be resistant all seem to have a par-
ticular blood type known as “Duffy negative.” They lack
both of the two known forms of the Duffy blood type—small
sites on cell surfaces that can be identified by a blood test.
Although European and American Caucasians rarely carry
the Duffy negative marker, practically all West Africans and
approximately 70 percent of American blacks do.

The significance of the Duffy marker became apparent
when Louis H. Miller and his colleagues at the National In-
stitute of Allergy and Infectious Diseases in Bethesda, Mary-
land tested the ability of a parasite closely related to P. vivax
to infect red blood cells. The infectious process could be fol-
lowed under a microscope. When Duffy positive cells were
placed on a slide with the parasites, the invasion occurred.
The parasites clung to the cells’ surfaces and burrowed
through their membranes. But when Dufty negative cells were
brought in contact with the parasites, the results were dra-
matically different. The parasites attacked, but they simply
bounced off the cell membranes because there was no place
for them to attach. The Duffy markers seemed to offer the
parasites microscopic hooks on which they could hang.

In the late 1970s, Miller decided to test the theory about
malaria resistance in Duffy-negative individuals with people
who had actually been exposed to the disease. Experimental
models were nice, but the acid test would come with a try-
out in nature. The laboratory was the jungle of Southeast
Asia. The subjects were black servicemen, mainly because
blacks are split almost evenly between Duffy positive and
Duffy negative, while whites rarely have Duffy negative
blood. Miller knew that soldiers who had served in Vietnam
had probably been exposed to malaria. He contacted the
Medical Follow-Up Agency of the National Research Coun-
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cil, which keeps medical records of all veterans, and re-
quested that the agency compile a list of every black soldier
who had contracted P. vivax malaria and ask each one for a
blood sample. To ensure privacy, the agency did not give
Miller the names and addresses of the soldiers; to ensure that
participation would be voluntary, the veterans were assured
that their refusal to participate would have absolutely no ef-
fect on their veterans’ benefits.

The agency’s computer identified eleven cases of P. vivax
malaria among the black soldiers. Miller tested their blood
samples, and one after another came up Duffy-positive. The
unanimity was extraordinary. Clearly, Duffy positives were
susceptible and Duffy negatives were resistant.

But what about the more severe, life-threatening malaria
caused by P. falaparum? In the 1979 British records, there
were five malaria deaths, all of them in susceptible Britons
who had visited African countries, all of them due to the P.
falciparum parasite. For this type of malaria, the Duffy
marker is useless; those who are negative are just as likely to
contract the disease as those who are positive. But there are
at least three genetic markers that can identify people who
are more resistant to this parasite.

All three markers point to genes that we are used to
thinking of as harmful: those that cause thalassemia (a fatal
blood disorder), sickle-cell anemia, and G-6-PD deficiency.
The genes in question, however, trigger the most virulent
forms of the diseases only when they are inherited in pairs;
and, in each case, it seems to take only one gene to provide
some protection against malaria. Therefore, many who have
avoided the ravages of malarial infection can thank their
“defective” genes.

The first person to suggest that a connection exists be-
tween these genes and resistance to malaria was the great
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British geneticist, J. B. S. Haldane. Haldane pointed out
that if these genes were always harmful, they would long ago
have been eradicated in the process of natural selection, as
those who carried them died without reproducing. Because
so many people in the Mediterranean area retained the thal-
assemia gene, and because that same region had a high inci-
dence of malaria, he theorized that people who carried the
thalassemia gene somehow benefited from it by being resistant
to the malarial parasites. Of course, the protection helped
only those with a single copy of the gene; those who inherited
two copies invariably came down with the blood disorder
and died.

Haldane’s hypothesis made good common and scientific
sense. To test it, other scientists began to survey Mediterran-
ean populations for the relationship between gene and resis-
tance. They discovered not only that it existed, but that it
applied to sickle-cell genes as well. In areas where malaria is
common, children who are carriers of the sickle-cell gene
have fewer parasites in their blood than children with nor-
mal genes, and fatal cases of malaria rarely involve carriers
of the sickle-cell trait. They also discovered that if they drew
two maps—one which depicts the areas where malaria tends
to be fatal and one which outlines locales where most sickle-
cell carriers are found—they can almost be superimposed
upon each other. Today, little doubt remains that carriers of
the sickle-cell gene are more resistant to malaria than those
without it.

The third major resistance gene, for G-6-PD deficiencys, 1s
also common in malaria-infested areas. And scientists in Ni-
geria recently showed that red blood cells from carriers of G-
6-PD were more resistant to parasitic invasion. Normal
blood cells were invaded up to 80 times more efficiently than
the cells with the G-6-PD gene.
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When an individual carries two markers for resistance,
the combined resistance seems to be greater than if only a
single marker is present. In Sardinia, the incidence of ma-
laria is significantly lower in people who carry both the G-
G-PD deficiency and the thalassemia markers than in those
with only one of them.

The question of whether a gene is good or bad need not
always be rhetorical. It becomes critical if we take into con-
sideration the conditions under which it must function. In
the high altitudes of Boulder, Colorado or the Himalayas,
single copies of a gene for malaria-resistance such as the
sickle-cell trait may turn out to be dangerous because of
their carriers’ higher demands for oxygen. In Nairobi, Kenya
or Caracas, Venezuela, that same gene can save lives. Almost
without exception, deciding whether a gene is good or bad
depends upon when, where, and how it is expressed.

The Spice of Life

For human beings, as well as for every other species, the
key to sustaining our existence as a population is to survive
and flourish within many different environments. And the
way we survive is by adapting. Genetically, that means that
our genes must change over the generations as the environ-
ment changes, so that our species can maintain a selective
advantage. It also means that the genetic variants that we all
carry within the surplus genetic material in our chromo-
somes probably act as a reserve pool from which we can
draw when our regular sets of genes cannot respond. Diver-
sity among inherited traits is a natural way of ensuring that
our species will continue to flourish. For genes, variety is the
spice, and the essence, of life.
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Clearly, our species retains several alternatives for many
traits. The ABO blood groups, for instance, come in four dif-
ferent varieties: A, B, AB, and O, each characterized by dif-
ferent blood proteins. In Southern England, 44 percent of
the population has blood type O; 44 percent has blood type
A, 8 percent has type B; and 4 percent has type AB. Ap-
parently, types O and A must have conferred a selective ad-
vantage over the other types. As a result, they were passed on
more often to offspring who survived, and their incidence in
the population increased.

This same method of selection probably occurs in ABO
blood groups throughout the world. Type O blood predomi-
nates among the Indian populations of Central and South
America, a fact that, some years ago, sent scientists in search
of a disease that might have selectively killed off those with
other types. Almost from the very beginning, they suspected
syphilis. Many medical historians believe that syphilis did
not exist among the relatively isolated populations of the
New World before the arrival of Columbus. When the Span-
iards finally did import it from Europe, the more susceptible
individuals and their progeny probably began to die oft. We
know now that women with syphilis deliver stillborn babies;
we also know that the immune systems of people with blood
type O respond more effectively to syphilitic infection than
the immune systems of other blood types. Taken together,
these facts suggest that people with the O marker were often
spared the disease, while others were probably not as fortu-
nate.

Similar theories explain why the other blood groups still
exist. The mosquitoes which carry the viruses for yellow
fever, encephalitis, and other human diseases prefer people
with blood type O. Those with type A and B blood therefore
tend to have an advantage when mosquitoes are spreading
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disease through a population. Similarly, infants with blood
group A were more likely to survive some of the epidemics of
infant diarrhea that used to sweep Central Europe. Each
blood group manages to confer some advantage to those who
carry it. And the incidence of each group in different parts of
the world today probably reflects the usefulness of its advan-
tages.

The fact that a bad gene can become good simply be-
cause of a change in the environment provides a clue to
many medical puzzles. One of these is the number of people
who inherit a tendency for diabetes. In 1980, there were
about 10 million diabetics in the United States—one person
in twenty. If a gene’s survival depends upon its ability to
confer a selective advantage, how could such a trait persist?

Diabetes was first described in an Egyptian papyrus
around 1500 B.c. It is characterized by a person’s inability to
use sugar properly. Whenever a diabetic eats sugar-laden
food, the quantity of sugar carried by the blood increases
abnormally because of a defect in the regulatory mecha-
nisms. The excess sugar can lead to kidney disease, gangrene,
and heart disease. Diabetes is also the second leading cause
of blindness in the United States.

Diabetes occurs in two forms: adult-onset diabetes, which
generally appears after the age of 40 and in obese people;
and juvenile diabetes, which usually appears in people under
the age of 20. Adult-onset diabetes is the more common
form. It tends to surface gradually and run in families. In
fact, if two parents are diabetic, their children are almost
certain to develop diabetes if they live to 80 years of age.
Twin studies confirm the genetic basis of the disease. In one
study of over 100 pairs of identical twins, whenever one twin
developed diabetes after the age of 50, the other almost in-
variably did too, within a few years. Unfortunately, no good
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marker yet exists that can predict adult-onset diabetes; fam-
ily records are still the only useful tool.

Until Pablo Rubinstein discovered the connection be-
tween HLA type and juvenile diabetes, the role of genes in
that form of the disease was uncertain. The onset of juvenile
diabetes tends to be abrupt, as if it were caused by some en-
vironmental factor. It is also known that certain chemicals
can destroy the pancreatic cells that produce insulin.

But Rubinstein discovered that HLA markers in families
could predict whether the brothers and sisters of a diabetic
child had a 1 in 1000, 1 in 50, or | in 2 chance of contracting
the disease, a far more accurate measure of risk than the 1 in
8 chance that every sibling has if HLA type is not taken into
account.

Why the highest risk is only 1 in 2 is still a mystery. But it
is a mystery with some exciting clues. For years, physicians
have noticed that viral infections in children can be followed
by diabetes. The connection has occurred too frequently to
be explained by chance. Finally, in 1979, Ji-Won Yoon, Ta-
kashi Onodera, and Abner Notkins, at the National Naval
Medical Center, found the first solid evidence to support the
link.

A healthy 10-year-old boy suddenly developed diabetic
symptoms three days after contracting a flulike illness; 7 days
later he died. The researchers isolated a virus, Coxsackie
virus B4, from his pancreas. If this virus had a special capac-
ity to cause diabetes in humans, they reasoned, it might also
cause diabetes in mice. Certain strains of mice are known to
be genetically susceptible to diabetes, while others are resis-
tant. When the investigators inoculated the two strains with
the Coxsackie virus, the susceptible mice developed diabetes;
the resistant mice did not. Genetic susceptibility and en-
vironmental trigger were present both for the mice and for
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the boy. (Coxsackie virus may turn out to be a common trig-
ger for diabetes, but several other candidates are also being
tested.)

We now know that genetic susceptibility plays an impor-
tant role in the development of both juvenile and adult-
onset diabetes. Yet despite their severe consequences, the
gene or genes involved have been with us for thousands of
years. Why?

One possible explanation grew out of experiments car-
ried out by Douglas Coleman of the Jackson Laboratory in
Bar Harbor, Maine. In 1979, Coleman took both normal
mice and mice that carried a gene for susceptibility to diabe-
tes and gave them access to identical sources of food and
water; they could eat and drink as much as they liked. After
one week he cut off their food, while allowing them to con-
tinue drinking. The results were astonishing. The mice
which carried the diabetic gene lived 23 to 46 percent longer
than the normal mice. The gene apparently permitted its
carrier to use the food it had stored more efficiently than
normal mice could.

Coleman calls the diabetic gene a “thrifty trait.” It ap-
pears to function in the wild as well. When animals from
desert or semidesert areas, such as the Egyptian sand rat or
the South American rodent tuco-tuco, are transferred to
captive environments with plenty of food, they tend to de-
velop diabetes.

If the same mechanism operates in humans, the diabetic
gene may have an advantage in areas of the world with lim-
ited food supplies. In times of famine, individuals with the
gene may have been more likely to survive. But when a pop-
ulation that is used to sporadic supplies of food is provided
with a more or less continuous source, the diabetic tendency
can become epidemic. This has been one explanation for the
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high rate of diabetes among the Seneca Indians in New York
State. The disease is probably the most common chronic
health problem among those on Seneca reservations today.

When a disease as debilitating as diabetes can have its
beneficial side, we begin to see the degree to which genes de-
pend on the environment. The genes that predispose us to
diabetes and other illness persist precisely because we live in
a constantly changing world. They are an integral part of
the struggle for survival. They are one way of making sure
that the species will prevail, regardless of the environment.

Genetic Lemons

Every group has its own particular distribution of genes
that make it susceptible to some diseases. Among American
Caucasians, one out of 25 people carries the gene for cystic
fibrosis. Greeks have an increased incidence of Cooley’s
anemia, Jews of Tay-Sachs disease, Armenians of familial
Mediterranean fever, South Africans of porphyria, French
Canadians of tyrosinemia, Chinese and Thais of alpha tha-
lassemia, and Finns of about 20 otherwise rare genetic dis-
eases. And every individual in every group carries genes that
would prove undesirable under certain circumstances. We
are, in short, all carriers. We all have the potential to pass on
deleterious genes, even though the odds of our marrying
someone from among the general population who carries the
same genes are remote. As we reproduce, we play a genetic
dice game, with the odds enormously in our favor, but with
potentially harmful consequences for our children if we
should lose. Fred Bergman of the National Institute of Gen-
eral Medical Science has summed it up more succinctly: “In
one way or another, we are all genetic lemons.”
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Genetic prophecy offers us a chance to increase the odds
against our children unknowingly suffering from genetic de-
fects that might predispose them to disease. But the game
continues. What we must try to discourage is the idea that
our avoiding genetic pitfalls somehow makes us superior to
those who do not. No matter how much the dice may be
loaded in our favor, an unlucky roll has nothing to do with
the worth of the player.
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8. THE
FALSE
CONTROVERSY

A devil, a born devil, on whose nature nurture can never
stick.

ProsPERO describing Caliban

The Tempest, William Shakespeare

mother looks at her child and sees the mirror
image of her own grandmother.

A lean, lanky baby is born to parents of average build.
Without the assistance of an overactive thyroid, he grows to
a size that makes professional basketball scouts slaver.

Identical twins are kept together in school. They look
alike, yet somehow it is easy to tell them apart. One is extro-
verted, active in sports; the other spends her time in the li-
brary, lost among the books.

Inherited or acquired. Nature or nurture. Gene or en-
vironment. The two have been the center of a conundrum
that has embroiled religious and scientific thinkers since the
publication of Charles Darwin’s The Origin of Species and has
intrigued armchair philosophers for almost as long as there
have been coffeehouse debates.
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From the moment the debate began, support has swung
from extreme to extreme, according to the dictates and fash-
ions of the times. Around the turn of the century, scientists
realized how much easier it was to judge the inheritance of
characteristics on the basis of the color of a fruit fly’s eye
than on the passing of a complex behavioral trait from par-
ent to child. Simple physical characteristics were so clearly
genetically influenced—and the idea that behavior was in-
herited was so socially acceptable—that everything that
could be called a trait was labeled genetic. One group of sci-
entists claimed, for instance, that “alcoholism, seafaringness,
degeneracy, and feeblemindedness” were each due to single
genes, and that the children of unions between black and
white would have “the long legs of the Negro and the short
arms of the white, which would put them at a disadvantage
in picking things off the ground.” The term eugenics was
coined, and societies were set up to encourage young people
of “good” stock to breed freely, so that the quality of the
human gene pool would improve. In the United States, re-
strictive laws of immigration were passed to slow the flood of
the “inferior” peoples of Eastern Europe.

But even as these bizarre ideas reached their logical con-
clusion in the racial beliefs of the Nazis in Germany, the
pendulum had begun to retrace its arc. Sigmund Freud and
Carl Jung were in; fruit flies and Gregor Mendel were out.
The lure of genetics as an explanation for the development
of all kinds of traits began to fade; the ways in which people
were fed and sheltered, reared and educated—in other
words, the environments they encountered—were accepted
as the main determinants of complex emotional characteris-
tics. “There is no evidence of the inheritance of traits,”
claimed John B. Watson, the father of behavioral psychol-
ogy. And his colleagues set out to try to prove him right.
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The widespread rejection of the role of genetics was not
fueled entirely by hard evidence, or even by the irresistible
attraction of better ideas. Good scientists are human beings
as well; their natural tendency was to disown the theories
that contributed to the atrocities of the Nazis and the mis-
handling of minorities in the United States. Now we know
that they discarded some good ideas with the bad and
pushed the trend toward an environmental explanation of
traits too far. It was inevitable that the pendulum would
swing back again, toward a rational, scientifically acceptable
middle ground. And swing it did. Today, supported by a
better understanding of the relationship between nature and
nurture, it hangs squarely in the middle, as scientists con-
tinue to develop evidence that attests to the power of each.

We now know that genes and the environment do not
compete with each other. In some situations, of course, either
one or the other can be extraordinarily powerful: Genes have
no way of preventing someone who is standing at the site of a
nuclear explosion from being vaporized, nor can the en-
vironment give life to a baby born without essential chromo-
somes. And the precise and unambiguous genetic blueprints
that mandate that humans should walk upright, or, for that
matter, that some should have blue eyes instead of brown,
can only be countermanded by extreme environmental con-
ditions, such as accidents, perhaps, or congenital birth de-
fects.

Generally, however, one factor cannot completely domi-
nate the other. Instead, gene and environment are comple-
mentary; they work together to produce a final result. The
phenotype of any one person—the composite of all the char-
acteristics that he or she carries—is a product of the inter-
action between gene and environment.

Why do heredity and the environment not compete? Pri-
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marily because they have assumed entirely different tasks.
The genes are like the tools of a painter’s trade: the lighting
in the garret, palette, brushes, and paints. They cannot oper-
ate in a vacuum. They require external catalysts before they
can function.

The environment provides the needed boost. In consti-
tutes the artistic effort itself. It takes the proffered genetic
tools and works with them to produce the finished portrait.
Like the artist, it operates within a range defined by those
tools. For no matter how powerful it is, the environment
cannot force genes to manufacture products that they were
not designed to manufacture.

The difference between seeing heredity and environment
as competitors and recognizing their supportive relationship
Is a critical one, not only in understanding the concepts be-
hind genetic prophecy but in realizing how we, as living or-
ganisms, adapt in order to survive in a changing world. For
it is the design of nature never to work alone; and it is the
nature of nurture always to act within previously described
boundaries.

The theory of this relationship is quite straightforward.
In practice, however, the situation is often more complex.
Genes, for instance, often act in concert with other genes.
They can be influenced, altered, modified, triggered, or shut
down by the actions and products of their neighbors. As
such, they not only help control the impact of the environ-
ment, but actually constitute a part of that environment for
the genes they influence.

Genes can affect other genes in various ways. Suppose,
for instance, that each of us inherits one of two genes: the
first makes us particularly susceptible to arsenic poisoning;
the second confers resistance. The dose needed to poison
someone who has the gene for susceptibility might be so
small that it has no effect on someone who is resistant. But
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what if the gene for susceptibility is not the only one involved
in determining arsenic poisoning? What if that same suscep-
tible individual also inherits a gene whose product interferes
with the ability of the intestines to absorb arsenic into the
bloodstream? Clearly, the vulnerable tissues may never even
be exposed to a dangerous dose. And if someone who is resis-
tant happens, at the same time, to inherit a gene which en-
hances arsenic absorption, we might find ourself with a medi-
cal paradox: The person who seems resistant becomes ill; the
one who seems susceptible is perfectly safe.

The importance of uncovering the total effect of the genes
for any one condition, and not just the impact of the genes
that are directly involved, is critical to genetic prophecy.
The more complex traits we carry—from height to behav-
ioral characteristics—are seldom influenced by a single gene.
Most are the products of constellations of genes working to-
gether to form the raw material that the environment molds.
Even more important, the influence of these genes is differ-
ent for nearly every trait. In some, the genes play a major
role in dictating a narrow range of responses among which
the environment can choose. In others, the genes allow for a
wide variety of responses. In the first case, the genes appear
to “dominate” because the environment seems to have little
or no effect on their expression. In the second, the environ-
ment appears to “dominate” because each different environ-
ment seems to elicit a distinctly different genetic response.

The relationship between the two factors does not spring
to life only when particular genes meet specific conditions. It
takes place over time, in a constant give-and-take as we
search for the perfect balance between the two. A particular
set of genes may enable us to modify the environment to
make it more conducive to our survival. We may, for in-
stance, populate the temperate zones of our planet, learn to
combat excessive periods of heat with air conditioning, and
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avoid as best we can certain types of pollutants. At the same
time, the environment may be stimulating genetic change by
influencing the process of natural selection, by helping to
“weed out” genes that are less useful, less productive, more
debilitating. The “environmental™ causes of cancer, for in-
stance, exist primarily because the environment is changing
so quickly. Our genetic heritage, fashioned to confront one
type of environment, has not yet learned how to handle the
changes; the result is illness. In the future, the environmental
changes might begin to help eliminate deleterious genes. The
incidence of cancer may some day decline simply because,
genetically, we are learning to respond to and neutralize en-
vironmental insults.

This seesaw relationship continues. Genes, unlike leop-
ards, can and do change their spots; and environments vary
widely in their influence. The interaction between them de-
pends upon the relationships among all sorts of traits,
pressures, and responses. It is, in short, a microcosm of
human society itself, a composite of individual elements and
groups, all of whom, together, paint the final picture.

The Salamander’s Solution

Because of this complicated arrangement, we often have
difficulty pinpointing where genes leave off and environment
begins. To make matters more complicated, except for the
simplest characteristics, such as eye color or single-gene dis-
eases like hemophilia, we do not even inherit actual “traits”
from our parents. Rather, we receive specific sets of mole-
cules which express themselves according to the environ-
ments into which they are introduced.

Early scientists had no reason to know this. They were
often baffled by the tricks that nature seemed to play. Zoolo-

[ x6s



The False Controversy

gists were especially fascinated by the case of the Mexican
salamander, which, under different conditions, assumes ut-
terly different forms. An embryo placed in water develops
gills, a ponderous body, and a tail designed for swimming.
Its twin, raised on land, breathes air and evolves a smaller,
lighter body. The two carry identical sets of genes; but under
different environmental pressures, they develop in ways so
dissimilar that, at first glance, they seem to come from unre-
lated species.

While all forms of life undergo these kinds of adapta-
tions, the environmental factors are seldom as dissimilar as
they are for the Mexican salamander, and the changes they
instill are not nearly as obvious. A person’s height, for in-
stance, is closely linked both to his genetic heritage and to
the environment in which he grows. Genetically, tall people
tend to be born into tall families and short into short. The
same holds true for entire populations as, for example, in the
seven-foot giants of the Ibo tribe of Nigeria or the short,
stocky people of Southeast Asia.

Research has shown that average stature in a population
tends to remain more or less constant. When 1t increases, the
reasons turn out to be mainly environmental; improvements
in nutrition and health during the first years of life seem to
have the most significant effect on one’s height in later life.
In Switzerland, for example, where records of the stature of
conscripts into the army have been kept for centuries, re-
searchers have found that, during the nineteenth century,
intellectuals, merchants, and students were generally taller
(by 2 to 5 inches) than factory workers, farmers, and black-
smiths. The differences in height followed the pattern of
class distinctions that existed in Switzerland at that time.
They were largely influenced by the relative quality of the
food and health care that the conscripts had received while
growing up.
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By 1930, class distinctions had begun to disappear; the
environmental factors affecting height had begun to even
out. As a result, factory laborers, who had measured a solid 5
inches shorter than intellectuals in 1887, gained an average
of nearly 6 inches in stature. The lot of the intellectuals had
improved as well, but the differences between their lives in
1887 and 1930 were not nearly as great. They grew an aver-
age of an inch and a half taller. So while they were still a
shade taller than the factory laborers, the extreme differ-
ences found in the past had disappeared.

The size and complexity of the Swiss population indi-
cates that the increase in stature was not simply a matter of
everybody within a single group reaching his potential, but
rather a question of various groups with different potential
heights all reacting to environmental conditions. Underfed
laborers in the tallest group might well end up the same
height as healthy intellectuals in the shortest group; and
middle-sized merchants might stand eye-to-eye with larger
blacksmiths. The change in the average stature was a product
of improvements in the environment, but indiwiduals grew
only within the ranges permitted by their genetic heritages.

The importance of the genetic contribution to size can-
not be overlooked. The most obvious genetic trait that we all
have i1s our sex. The difference in height between men and
women in our well-fed, generally middle-class society aver-
ages about 5 inches. This 1s a powerful and significant differ-
ence that points directly to the genes.

Inside the Cell

Height is a multifactorial trait—that is, it is influenced
by a broad range of genetic and environmental potentials.
That same kind of balance exists throughout biology. Scien-
tists have traced it right down to the molecular level, to the
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regulation of a single gene’s production inside a microscopic
cell.

The bacterium E. coli is a tiny, usually harmless inhabi-
tant of the human bowel. Because it manages to survive in
all kinds of unpleasant surroundings, multiplies with little
difficulty, and eats practically anything, it has been an ex-
perimental favorite of researchers for years. In fact, scientists
have worked so extensively with it since its discovery in 1885
that they now can identify and characterize well over half of
all E. coli’s chemical properties, making the promiscuous lit-
tle bug by far the best understood outpost of life on this
planet.

In the early 1960s, Francois Jacob and Jacques Monod,
two French molecular biologists, undertook a study of how
E. coli regulated the production of its genes—how, in other
words, E. coli managed to start and stop the manufacture of
its various enzymes and structural proteins on cue. They de-
cided to use as their model a single identifiable gene among
E. coli’s 2,000, one that produces an enzyme, called beta-ga-
lactosidase, which helps the cell break down lactose, a sugar
that provides it with energy.

The gene that directs the production of beta-galactosi-
dase functions only part of the time. It does not funnel a
constant stream of enzyme into the bacterium, but is some-
how turned on only when lactose is present. Clearly, E. coli
has evolved a kind of “molecular wisdom,” a system that rec-
ognizes the presence of lactose and responds accordingly.

[t is easy to invent fanciful scenarios to explain how E.
col: might turn its enzyme production on and off. But Jacob
and Monod found that the cell’s actual method is simple and
efficient, and, for molecular biologists, almost too beautiful
for words.

Jacob and Monod discovered that the system that pro-
duces beta-galactosidase actually consists of two genes: one
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that contains the code for the production of the enzyme it-
self, and another, called the “repressor” gene, that oversees
and controls production. The repressor gene, which sits close
by the beta-galactosidase gene, produces a constant stream
of a “repressor” protein. But the protein can only prevent
the enzyme’s production part of the time; at other times, it
does not.

After careful searching, Jacob and Monod managed to
uncover the bacterium’s secret. They discovered that the re-
pressor protein has a special affinity for a small section near
the beginning of beta-galactosidase’s gene. After it is pro-
duced, the protein drifts around until it finds its natural
resting spot. And there it sits, acting as a brake on the ma-
chine, shutting down the beta-galactosidase factory com-
pletely.

If the repressor protein simply remained there all the
time, however, E. coli would never produce a supply of beta-
galactosidase. That arrangement may be perfectly fine for
some genes in human cells, where genes involved in creating,
say, a muscle cell are shut down permanently in cells which
are destined to become parts of nerves. But E. coli needs its
enzyme to survive. As a result, it has found a way to lift the
siege of the repressor protein when lactose appears.

By something more than coincidence, the lactose that
enters E. coli finds repressor proteins very attractive. The
sugar molecules latch on to the protein and pull it from its
seat on the bacterium’s DNA. When the protein is gone, the
beta-galactosidase gene begins to produce its enzyme; and it
continues to produce until the enzyme has broken down all
the lactose and the repressor proteins are again free to settle
and prevent the gene from functioning.

The beauty of this circular system is obvious. E. coli can-
not afford to waste energy on the useless manufacture of an
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enzyme, but it needs the energy that the enzyme helps ex-
tract from sugar. Therefore, it blocks production with a mol-
ecule that the sugar itself is attracted to. The presence of the
sugar “‘switches on” the beta-galactosidase gene (by remov-
ing the repressor protein) and triggers the production of the
enzyme. When all the sugar has been converted, the block-
age is reinstated. The two genes—the repressor gene and the
enzyme’s gene—are there all the time. But, by ils presence or ab-
sence, the sugar determines when they act.

The production and suppression of beta-galactosidase is
a perfect example of the way genes often depend upon en-
vironmental factors to function. For lactose is an external
element that enters the cell. It triggers a gene’s production
and the consequent yield of energy simply by its presence.
Without it, the entire sequence would never take place, and
the very nature of E. coli would change.

Salamanders, stature, and E. coli illustrate the relation-
ship between genes and the environment for purely physical
characteristics. But as scientists are now discovering, the
same pattern exists for behavioral traits. Again, the genes
determine the range of possibilities and the environment
chooses from among them. The main problem with discus-
sing behavior in the same way we talk about physical traits is
that our understanding of what constitutes an element of
any complex behavioral pattern is still a matter of conjec-
ture. What we know of the mechanisms of behavior 1s primi-
tive compared to our knowledge of, say, genes and disease.

Still, hints of the behavioral influence of genes have been
around for decades. People who are born with phenylketon-
uria (PKU), for instance, grow up mentally retarded. Until
1934, they were indistinguishable from others who suffered
retardation. Then, Asbjorn Félling, a Norwegian physician,
tested two mentally retarded sisters and found that their
urine turned green when it was added to ferric chloride—a
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reaction that indicated a biochemical abnormality. Later,
other researchers discovered that others with the same prob-
lem lacked a single crucial enzyme that prevented the con-
version of one amino acid, phenylalanine, into another. The
build-up of phenylalanine ultimately causes brain damage.

Five years after Folling’s discovery, G. A. Jervis surveyed
over 20,000 people in the United States who had been insti-
tutionalized because of mental retardation. He found that
nearly 1 percent had PKU.

Folling’s test provided a way for physicians to know in
advance that people in a certain group would become men-
tally retarded, for it tested, indirectly, the absence of an en-
zyme—a genetic marker. But what good would it do? PKU
was still uncontrollable. Identifying those at risk meant
nothing unless a way could be found to prevent them from
succumbing to their genetic heritage.

In the mid-1950s, researchers found what they were look-
ing for. A diet low in phenylalanine was discovered to be ca-
pable of preventing the biochemical changes caused by
PKU. In 1958, the first commercial preparation of the low-
phenylalanine diet was made available. Since then, newborn
infants who would have been headed irreversibly toward an
institutionalized life have been saved from mental retarda-
tion by a simple test and a carefully planned diet.

Finding the underlying cause of PKU was an important
milestone on the behavioral side of genetic prophecy. It es-
tablished a firm biochemical basis for at least one kind of
mental abnormality. It offered a genetic marker that could
be used to predict who would become ill. It implied that un-
derstanding the biochemical and genetic nature of other so-
called mental illnesses might also prove effective in predic-
tion and protection. And it helped catalyze the movement
away from the strictly environmental interpretations of be-
havior that were then in vogue. Today, screening newborn
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infants for PKU is a required procedure in most states.

The history of our growing understanding of PKU 1s a
perfect example of how much we depend on an ever-chang-
ing state of knowledge to support the assumptions on which
we act. PKU is caused by a defect in a single gene. It is trig-
gered by the presence of a clear-cut environmental agent.
How thorough is our dependence on information that might
change at any time? Try for a moment to answer the ques-
tion: Is PKU a genetic or an environmental problem?

Before 1934, PKU did not even exist as a separate entity.
It was lumped under a broad heading that included dozens
of different abnormalities, all of which resulted in mental re-
tardation. Then its genetic connection was uncovered. It was
considered a disease that was beyond our control, a prede-
termined condition that medicine could do nothing about.
Finally, researchers isolated its environmental component,
and our perceptions had reached a point of synthesis. Cer-
tainly, those who lacked the enzyme were predisposed to re-
tardation. But their fate was far from certain. We learned to
provide them with protection against what had been consid-
ered first a “mental,” and then a “genetic” problem. Full
understanding led to control. By a simple change in diet,
people with PKU could be lifted from the ranks of the disa-
bled.

Mirror Images: The Twin Saga

Asbjorn Félling was lucky. He found two people with the
same condition, managed to conduct the right test, and read
his results correctly. But he was working with a simple prob-
lem: a single genetic defect that triggered a clear and obvious
abnormality. What happens as we deal with other behav-
ioral traits? How do we go about evaluating humans for
these traits in ways that are reliable, scientifically acceptable,
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and safe for the people being tested?

Behavior itself is perhaps the greatest mystery, the least
explored realm, left to us in biology. It resides in the least
understood organ in the body, the brain. It consists of a con-
founding number of vague, poorly defined characteristics. It
Is a complexity surrounding complexities, an unknown com-
posed of unknowns. It is, in fact, so difficult to define that be-
havioral scientists often disagree on the simplest division
that can be made—between normal and abnormal behavior.

This confusion is a natural element in the exploration of
human behavior, a search that is only just beginning. But
humans are only the tip of the behavioral iceberg. The same
debates go on among those who study more elemental forms
of animal life. They observe discrete examples of behavior
and ask themselves: Conscious or unconscious? Learned or
inherited?

Examples of this discord are everywhere. There are those
who cannot decide, for instance, whether the food dance of
the honey bee constitutes a form of thought or merely an in-
bred reaction to environmental stimuli. Every new piece of
evidence complicates the question. Honey bees, it seems,
have far greater control over what they tell other honey bees
than we ever imagined. Whenever they locate food, they use
rays of polarized light to pinpoint the spot. Then they orient
themselves by that same source of light when they return to
the hive to dance, telling their fellow bees the distance, di-
rection, and even the desirability of the flowers they have
found. The sun, of course, is the source of their polarized
light. But the sun moves; by the time a bee scout has nego-
tiated her way back home and begun her dance, its position
in the heavens has changed by an amount that is small but
significant. Yet somehow the bees adjust. They can recognize
the different angle of light, calculate the degree of dispersion,
and incorporate it into their story. Their ability to do this is

A 77



GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

not simply a matter of instinct: Mature, seasoned bees adjust
better and make fewer mistakes than younger ones.

The implication that communication among bees de-
pends partly on a learning process was in itself a startling
revelation to those who had supposed that everything in a
bee’s behavioral repertoire was predetermined. And so they
began to experiment more fully. Scientists asked: Do bees
actually fix on the sun, or is their response more primitive
than that, a mere matter of timing? They took hives of bees
from the northern hemisphere (in which the sun appears to
move from left to right) and transported them to the south-
ern hemisphere (where the sun appears to move from right
to left). They found that the sun’s reversal causes the bees to
make mistakes, but only for a while. Then they adjust to the
reversal and change their dances to take into account their
new environment. Scientists then asked: Can bees antici-
pate? They took a source of food and moved it a measured
and even distance farther away from the hive every day. To
their astonishment, the bees learned to adjust to the move-
ment, flying past the area where the food had been the day
before, congregating at the spot where it would logically be
placed next.

What is going on here? How can bees recognize and
adjust to artificial changes in their environment? When
they have always seen the sun moving in one direction, how
can they track it so quickly when it moves in another? When
they have never confronted a flower that walks, how can
they actually learn to guess that a food source is going to
move, and be waiting for it when it arrives?

The riddles posed by simpler animals illustrate how dif-
ficult it is for us to define logically the elements of human be-
havior. Furthermore, with humans, the kinds of testing we
can do with bees is not possible. If humans are poor speci-
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mens for laboratory tests that involve disease, they are even
less suited to testing for behavioral traits. The tangled
threads of heredity and environment are so tightly interwo-
ven that an enormous amount of control over the testing
process i1s needed before we can get some answers. And that
amount of control is simply not possible.

The idea, then, is to find a way to cut down naturally on
the variables, to limit them so that we can study a few at a
time and reduce the enormous, unwieldy dilemma that sur-
rounds the complex set of actions we term “behavior” into
smaller, more calculable, constituent parts. We have been
able to do just that with animals, by breeding rats, cats,
guinea pigs, mice, dogs, and monkeys so that each individual
within a breed or strain beomes essentially identical to all
the rest. With identical animals, we can vary the environ-
ments to which they are exposed to discover how environ-
mental variables choose among the options offered by the
genes. We can subject them to extremes with drugs, heat,
light, noise, chemicals to evaluate the limits of their toler-
ance. We can even modify their genes by careful breeding,
creating animals only one or two or three characteristics re-
moved from others.

We cannot do these things with humans. But we do have
one weapon in our battle to discover the roots of behavior.
We have at our disposal human clones—more than 10 mil-
lion sets of them around the globe, each carrying precisely
the same complement of genes as one, two, or three of the
others.

Twins are born about once in every hundred births. Ap-
proximately two-thirds of them are fraternal twins, children
born of the same mother at the same time but formed from
two separate ova fertilized by two separate sperm cells. Fra-
ternal twins are not clones. Their different sets of genes mark
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them as dizygotic twins, or twins born from separate ferti-
lized eggs. Fraternal twins do not even necessarily have the
same father, a fact dramatically illustrated by a German
woman who gave birth to two sons, one black and one white.
Were it not for the time they share in the womb, fraternal
twins would be just brothers and sisters, as alike as siblings
born under more conventional circumstances.

The other third, however, consists of identical twins
formed from a single fertilized ovum that has divided once
and split asexually into two separate cells. The cells grow,
each into a separate fetus. But because they sprung from a
single cell, these twins carry exactly the same set of genes.
They are, in fact, clones of each other. Hunting dogs that
can tell the difference between the body odors of fraternal
twins cannot distinguish between the odors of identical
twins. Any differences that do crop up between them are the
result of the influence of the environment.

Sir Francis Galton, a cousin of Charles Darwin and the
man who coined the word eugenics, was the first to recognize
the potential value of twin studies. In 1875 he published a
monograph titled “History of Twins as a Criterion of the
Relative Powers of Nature and Nurture,” suggesting that the
close links between twins might make it easier to trace hered-
itary traits. He spent most of his life working with families
and twins and trying to unravel some of the complexities his
studies revealed.

Although Galton intuitively hit upon the idea that twins
can provide valuable information about the ways genes and
the environment work together, he had no way of distin-
guishing between fraternal and identical twins. As we now
know, the fact that two people look and act alike is not
enough to confirm their genetic identity; neither is the exis-
tence of one or two placentas at the babies’ birth—a criteron
some scientists used to use—since some identical twins have
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separate placentas, while some fraternal twins’ placentas are
fused and indistinguishable. Differentiating between identi-
cal and fraternal twins was, in fact, impossible before the
1920s, when physicians found that blood groups and pro-
teins could provide solid, if not incontrovertible, evidence of
genetic identity.

During the first twin studies, researchers were most
amused and charmed by the similarities they found among
their test pairs. Simply recognizing that these people had
identical genetic structures gave them dozens of new options
for studies: They could examine the twins in isolation. They
could compare them to fraternal twins—with different
genes, the same births and environments. Or they could
chart them against normal siblings, in whom genes and birth
times are different while the environment is similar, to evalu-
ate the impact of identity on physiology, behavior, and per-
sonality. Identical twins gave them some control over a few
variables. And so the twin studies poured forth.

But criticisms of these evaluations mounted. People
found, for instance, that “identical” twins are not always ex-
actly identical. One of a pair can have Down’s syndrome, an
extra chromosome which leads to mental retardation. And
pairs of identical twins have even been of different sexes: one
with the full XY—or male—complement of sex chromo-
somes; the other, having lost the “Y” chromosome by an
error in chromosome division when the original single cell
first divided, with a chromosome configuration called “XO,”
which causes the fetus to develop thoroughly female charac-
teristics in a condition called “Turner’s syndrome.”

But the most important shortcoming stemmed from the
assumption that identical twins grew up much as other chil-
dren did and could be judged in the same way. Critics
pointed out that subtle differences in natal and prenatal
conditions could account for some differences between iden-
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tical twins; they argued that parents often react to similar-
ities either by reinforcing identical traits or by demanding
that the children strive to be different; and they noted that
identical twins often seem to divide the two sides of a com-
plete personality between them, with one becoming the ac-
tive, aggressive half while the other accepts a passive role.

The advent of highly reliable blood tests and the results
of studies which showed that the twins’ environments, both
before and after birth, had little effect on their degree of sim-
ilarity defused many of the attacks. But confounding factors
were difficult to measure; the criticisms were impossible to
disprove completely. And so, while the studies continued,
the findings they generated were seldom accepted as abso-
lute.

There was, however, another avenue of research. Some
pairs of identical twins are separated at or near birth and
raised apart, each uninfluenced by the other, in different en-
vironments. Finding them was like looking for two identical
grains of sand on a beach; but, in 1937, the first study was
published by two scientists, who, in 10 years, had managed
to locate only 10 such pairs.

Over the next 40 years, researchers managed to study
about 80 pairs of identical twins reared apart. The sample
was tiny; the tests offered them were never the same. The
conclusions were regarded by most psychologists and physi-
cians as quaint and unsupportable. But some could see that
these were twin studies with an important twist: They re-
moved the environmental influences that might affect twins
raised together; they offered an opportunity to pinpoint the
differences among people with identical sets of genes, a chance
to determine exactly what effect environmental variables
could have.

In 1979, a break came, and from a completely unex-
pected source. Jim Lewis, a steelworker from Elida, Ohio,
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searched for and found Jim Springer, the twin he had been
separated from since 1939 when they were four weeks old.
The two met at Jim Springer’s house in Dayton with their
families close beside them for support. When they finally
faced each other after nearly 40 years, they shook hands
stiffly. Then they burst out laughing. They sat down and
poured the champagne. They pointed out the differences be-
tween them: Springer wore glasses and combed his hair over
his forehead; Lewis used nothing to correct his vision and
brushed his hair to the side. But Springer took off his glasses;
Lewis pushed his hair forward; and sitting side-by-side, they
looked like three-dimensional xeroxes off a good copy ma-
chine, two of a kind.

Two weeks later they met again, at Lewis’ home. A local
reporter heard of the meeting and had an article reprinted in
the Minneapolis Tribune, where it was spotted by a psycholo-
gist at the University of Minnesota, Thomas Bouchard.
Bouchard had been conducting twin studies for a decade; he
knew an opportunity when it strolled over to him and laid its
head in his lap. Within hours he had petitioned the Univer-
sity for funding. Within two weeks he had paid the twins’
passage to Minneapolis for a full seven days of medical and
psychological testing.

Bouchard is a psychologist, not a geneticist. He has been
trained to think in terms of the environment, to assume that
the critical factor in personality and behavior is the rearing
of a child, to place the genes in a subsidiary role. What he
found with the “Jim twins” was extraordinary:

« Both preferred math in school; both hated spelling.

* Both took law enforcement training. Both engaged in
similar hobbies—mechanical drawing, building minia-
tures, carpentry.

+ Since their youths, they had both vacationed along the
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same 300-yard strip of beach in Florida, driving there
and back in Chevrolets.

* Both married and divorced women named Linda.

» Both married second wives named Betty.

» They named their firstborn sons James Alan and James
Allan.

» Both had dogs named Toy.

« Their smoking and drinking patterns were almost
identical.

Coincidence? Genetic predetermination? Odds are that it
is a little of each. In subsequent studies of other pairs, Bou-
chard found the same kinds of similarities: two British sisters
who named their firstborn sons Richard Andrew and An-
drew Richard, their daughters Catherine Louise and Karen
Louise (Karen’s name would have been Katherine if family
pressures had not intervened); sisters who both came to his
laboratory wearing seven rings and a bracelet on one hand,
two bracelets and a watch on the other; sisters who, when
they were reunited briefly as children, had worn their favor-
ite (identical) dresses. If these were coincidences, they
seemed to strike identical twins more often than the general
population. Noted Bouchard: “I was expecting to find all
kinds of differences because of their different backgrounds,
but what leaped out at us were the striking similarities be-
tween the twins. I wasn’t prepared for it. Nothing prepares
you for it.”

The Jim twins also gave the physicians in the study
something to think about. Both had hemorrhoids. Both had
high blood pressure. Both had had two episodes of what they
thought were heart attacks. Both had inexplicably gained
ten pounds at about the same point in their lives; both had,
just as curiously, stopped gaining weight at the same time.
And both had complained about a series of on-and-off head-
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aches since the age of 18, a problem that had led to the suspi-
cion that each was a hypochondriac. The headaches were of
a type called “mixed headache syndrome,” a tension head-
ache that evolves into a migraine. The two suffered the same
degree of pain and disability, had the headaches with the
same frequency, and described them in precisely the same
way. A chance occurrence? A few years ago, physicians be-
lieved that mixed headache syndrome was caused strictly by
the environment. Because of the Jim twins they are changing
their minds.

Flushed with success, Bouchard and his team of 17 psy-
chologists and physicians decided to go after other twins.
They devised an experimental scheme one week long that
would be used for all pairs. In the psychological portion of
the testing, the twins would undergo stress tests, a sexual his-
tory, psychological interviewing, psychomotor tests, and a
battery of I() tests that, all told, added up to 15,000 ques-
tions. The medical part of the examination included electro-
cardiograms, electroencephalograms, pulmonary analysis,
blood tests (for HLA antigens and ABO blood groups), al-
lergy testing, eye and dental check-ups, neurologic tests, and
a complete physical. The entire procedure would take about
46 hours and cost between $5,000 and $7,000 per pair.

When the Jim twins had gone, the Minnesota team
began its search for new pairs. They were in luck. The Sec-
ond World War had orphaned and separated sets of identi-
cal twins. And the rise of sexual freedom, combined with the
social disgrace of bearing children out of wedlock, had pres-
sured unwed mothers to put several more such pairs up for
adoption. Within 18 months, they had tested another 16
pairs, with about 30 more on tap. In addition, they had
found several sets of fraternal twins reared apart and had
begun to test them for comparison.

At least one of their new sets offered a treasure trove of

[ w85 |



GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

information. For while most pairs had grown up in relatively
similar environmental surroundings, Oskar Stohr and Jack
Yufe had been raised in fashions that could not have been
more opposite. Oskar and Jack were born in Trinidad in
1932 to a Jewish father and a German mother. Soon after,
their parents underwent a bitter divorce. Oskar went with
his mother to live in Germany. He was raised a Catholic and
was on the verge of joining the Nazi Youth movement as
World War II drew to a close. He is now a supervisor in a
German factory.

Jack stayed with his father in Trinidad. He grew up a
Jew. At the age of 17 he went to Israel, where he spent five
years working on a kibbutz. On his way home, he stopped off
in Germany to find his twin. The first thing his brother asked
him to do, through a translator, was to avoid mentioning
their Jewish heritage to Oskar’s neo-Nazi stepfather. Not
surprisingly, the meeting went poorly. Jack returned to the
United States, where he now runs a clothing store in Califor-
nia.

The twins were raised by parents of different sexes, with
diametrically oposing viewpoints. One endured the devasta-
tion of defeat in war, the other the oppressive atmosphere of
a country under siege. Neither spoke more than a few words
of the other’s language nor accepted the other’s beliefs. Here
was a pair that should have produced some significant differ-
ences.

Jack read about the Minnesota study and contacted
Bouchard; Oskar was flown to the United States to partici-
pate. The two men met for the second time in 47 years at the
Minneapolis airport. Oskar wore a blue shirt with epaulets.
So did Jack. Oskar sported a well-trimmed moustache. So
did Jack. Oskar was wearing wire-rimmed glasses. So was

Jack.

The similarities did not end there. As the testing contin-
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ued the same kind of pattern that had developed for the Jim
twins unfolded. Both Jack and Oskar like spicy foods and
sweet liqueurs. Both flush the toilet before and after using it.
Both enjoy sneezing to startle people. Both store rubber
bands on their wrists, dip buttered toast into their coffee,
and read magazines back to front.

Because Oskar spoke no English, he could not take all the
tests that Jack did. But the results of those that they could
take together proved remarkably alike. The translator noted
that Oskar’s speech patterns in German were the same as
Jack’s in English. Even Bouchard was moved to note how
alike they were in “temperament, tempo, the way they do
things.” Finally, as the Minnesota team pointed out, the fact
that one was raised by a woman and the other by a man
seemed to make little difference in their mature personalities.
They seemed to offer powerful evidence against the hypoth-
esis that children’s personalities are partly shaped by the sex
of the person who raises them.

The Jim twins, Oskar and Jack, and the other 15 pairs
have left Bouchard and company with a kaleidoscope of
tantalizing leads, enough to last many such teams a lifetime:

* One of the areas that showed the least coincidence
among the twins was smoking. About half the pairs in-
clude one twin who smokes and one who does not. But
at the same time, the study seems to provide one inter-
esting bit of evidence pointing to a genetic basis for
disease caused by smoking: In at least one set of twins,
a heavy lifetime smoker did as well in the pulmonary
exam and heart stress test as the nonsmoker, implying
that both may carry some genetic resistance to smok-
ing’s long-range effects on the lungs and heart.

« In those cases where one twin wore glasses and the
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other didn’t, the second twin invariably needed the
same amount of correction as the first. Jim Lewis, who
had been without glasses at the brothers’ first meeting,
had indeed worn glasses before, and with the same pre-
scription as his brother.

» The tendency for twins to talk and even think alike has
been borne out in the tests. Several pairs switched al-
most immediately into a way of speaking in which one
would begin a sentence and the other would end it,
even while a third person in the conversation had not
yet picked up the drift of what was about to be said.

Bouchard calls any attempts to draw firm conclusions
before all the returns are in on the study “little more than
gossip.” But he agrees that the preliminary findings point to
a massive contribution by genes to behavior. The twins’
EEGs, EKGs, and brain wave patterns were often so alike
that they could be superimposed, one on the other, with only
a few variations in the general theme. And their scores on
psychological and intelligence tests were usually so close that
they varied less than the differences psychologists expect
when one person takes the tests twice. Even areas that have
always been considered the province of the environment, like
specific phobias, seem to have a strong genetic component.
One set of twins, raised in distinctly dissimilar home en-
vironments (one in a strict disciplinarian setting, the other in
a warm and loving household), exhibited the same sorts of
neuroses and tendencies toward hypochondria. Another pair
turned out to be claustrophobic—both balked at having to
enter a tiny, soundproof chamber for one of the tests. And
both twins in a third pair were terrified of the water; each
managed to “solve” her problem at the beach in the same
way: by backing into the surf until the water reached her

knees.
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The Minnesota team is quick to point out that the mate-
rial it has gathered is not always exactly what it seems. It
would, for instance, be ludicrous for anyone to surmise from
the similar names that crop up in several pairs’ lives that
preference for names is genetic, or from the sisters who each
wore seven rings on the same hand that there exists a gene
that predisposes one to wearing a set amount of jewelry.
Rather, if they are more than coincidence, both characteris-
tics are probably manifestations of other sorts of genetically
influenced trends. The women with the rings both had ex-
ceptionally beautiful hands with long fingers; the psycholo-
gists theorize that both might be predisposed toward accen-
tuating their most attractive characteristic, which would
explain the similarity. And for extraordinary correlation in
the names? Research has shown that while language (and
culture) are traits that have very little to do with genetic
predisposition, preference for certain sounds does have a ge-
netic component. With their genetically identical likes and
dislikes, the Jim twins and others may be predisposed to pay
more attention to someone with a particular sound in her
name.

The combination of psychological and physical evidence
that they have gathered has astounded Bouchard and his
colleagues. It prompted them to note in one of their prelimi-
nary papers on the study: “Looking across the twins’ educa-
tional and work histories and marriages, as well as their psy-
chological responsiveness in the various assessment settings,
we find overwhelming patterns of similarities. Having been
familiar with the literature on the heritability of tempera-
ment, we were not ready for what we found. Worse yet, we
do not feel we have adequately captured the phenomenon.
Many differences between the twins are variations on a
theme more than anything else.”

The studies at the University of Minnesota are not the
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only ones on genes and behavior being undertaken these
days. Several others are examining the same relationship
from different perspectives. One study, performed by Sandra
Scarr also of the University of Minnesota delved into the
similarities and differences in social tendencies between par-
ents and children in two groups: one in which the children
were adopted, the other in which the children had been
raised by their biological parents. In socioeconomic status,
ages, and occupations, the families were very much alike.

Scarr’s study provides powerful evidence about the influ-
ence of heredity on some aspects of people’s social tenden-
cies. Among other things, she found almost no consistent
similarities between adopted children and their adoptive
parents, even after they had lived together for nearly two
decades. Children did resemble their biological parents, but
only enough to explain a small part of what contributes to
sociability. The strongest correlation, it turned out, was be-
tween children and their biological brothers and sisters,
which is an indication that peer relationships play an im-
portant role in our development of social attitudes and re-
sponses. It seems likely that children are more apt to copy
the social tendencies of their peers than those of their par-
ents, and that the genes play a small but significant role in
directing those tendencies.

Another researcher, Ronald Wilson, of the University of
Kentucky, has been studying the effects of genes on early de-
velopment in children by comparing fraternal and identical
twins. In one study, he tested 261 pairs of twins at six regular
intervals during their first two years of life to chart the evo-
lution of their mental and motor skills. Wilson discovered
that development in young children is utterly unpredictable,
that their skills increase in no discernible order, advancing
sometimes by leaps and bounds in one area while remaining

[ 190 ]



The False Controversy

constant in another, then suddenly reversing the trend. In
addition, the rates of change were not uniform; a child’s
progress could differ significantly from one age to the next.
Nevertheless, identical twins progressed at almost the same
rate, while no such correlation existed among fraternal
twins. Children with the same genetic blueprint followed the
same course of development; children with different genes
did not. The trend was so pronounced that Wilson could
predict the state of development of one twin at a particular
age simply by examining the other, even though he could
not predict future development for either twin alone.

Wilson’s second study involved 350 pairs of twins from
four to six years old. He tested them for IQ and found that
the correlation between identical twins was almost double
that between fraternal twins. From this testing he concluded
that “each home environment adds its own distinctive im-
press to the child’s cognitive functions, but these influences
act as modulators rather than primary determinants.” His
results indicate that as long as environmental conditions fall
within acceptable limits, it is the genetic blueprint that de-
termines the course of infant development.

Several other studies of children’s development have
shown equally dramatic evidence of the genes’ contributions.
In the early 1950s, Jean Piaget, the father of child psychol-
ogy, proposed that a child begins to think symbolically at
about the age of two, drawing on memories for the first time
to make sense out of the environment. Others have sup-
ported his theory, pointing out that the switch from a brain
that supports primitive motor and sensory functions to one
that is capable of conscious thought is obvious and is accom-
panied by an extraordinary spurt in the size of the brain it-
self, which nearly doubles in size between the ages of one and
two, with most of that growth coming in the regions dedi-
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cated to language memory, attention span, skilled move-
ments, spatial understanding and the ability to plan ahead.
Perhaps the “terrible twos™ are a function of this change: the
beginnings of a child’s attempts to cope with a new percep-
tion of the world.

Wilson himself has placed another interpretation on his
material. He believes we must begin to accept the possibility
that mental development is as closely linked to the genes as
physical development; that we, as a species, are programmed
to develop our mental capabilities at specific stages during
our early lives. His hypothesis adds fuel to the growing popu-
larity of the idea that we are governed in part by a complex,
finely tuned genetic clock, one that triggers not only such
broad physical changes as growth spurts, puberty, meno-
pause, and aging but that also directs the general course
of finer details in our lives, that influences the timing of
nearly everything biological. The Jim twins’ surprising ten-
pound weight gain and their carbon-copy headaches, the
consistent appearance of certain cancers (Wilm’s tumor of
the kidney in children, multiple myeloma of the blood in
those over 40) in specific age groups, the pattern of aging in
cells, the nature of mental development in children, all point
to a system that is designed to trigger specific responses at
particular points in our lives, as long as critical environmen-
tal factors are also present.

Whether we will ever gain control of that clock is still
pure conjecture. The delicate balance of gene and environ-
ment, the awesome complexity of so many of our traits, the
difficulty we have in discovering how tinkering in one area of
the gene-environment relationship may affect another, all
make it impossible to predict the extent to which we can ad-
just the clock’s timing. But if we can, our tools will be the
same as those we are already using to predict the onset of
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purely physical diseases: the presence or absence of the prod-
ucts of genes, the nuts-and-bolts of genetic prophecy. For
any particular characteristic, the more we learn about its ge-
netic components, the more likely we are to be able to isolate
the right environmental triggers and to modify them accord-
ing to the individual’s needs.

The paths are the same: Already researchers are search-
ing for the basic molecular causes of various kinds of behav-
ior, the genes that influence them, and the markers that can
tell us whether they will occur.
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9. MARKERS
AND
THE
MIND

Men at some time are masters of their fates: The fault,
dear Brutus, is not in our stars, but in ourselves . . .
Julius Caesar, WILLIAM SHAKESPEARE

Scientists burrowing into the connection be-
tween genes and psychiatric diseases are in
the midst of a mad love affair with Denmark. Purely by
chance, Danish social planning has developed a system that
offers an opportunity for some of the most revealing surveys
on psychiatric problems ever conducted.

Denmark is valuable not only because its small popula-
tion is relatively homogeneous and accessible; equally cru-
cial 1s the Danish tendency (some would call it “compul-
sion””) for keeping remarkably complete and accurate
records. The Danes maintain scrupulous lists in three critical
departments: a population register that includes the name,
date of birth, and address of anybody who has lived in Den-
mark, even for as short a time as a few months; a national
psychiatric register that lists the names and diagnoses of over
90 percent of the Danes who have sought professional help
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or stayed in a psychiatric institution, no matter what the
reason; and, most important, a comprehensive record of
every legal adoption that has taken place in the country in
modern times, with the names of the adoptive parents, the
biological mother, even the presumed father who, in Den-
mark, must participate in the adoption proceedings.

Records like these have formed the basis for an extraordi-
nary study of the genetic and environmental elements in ab-
normal behavior, a study that began in 1963 and is still
bearing fruit. The researchers who originally conceived it—a
team organized under Seymour Kety, a leader in psychiatric
genetic research from Harvard Medical School—recognized
that the Danish records contained all the elements necessary
for an investigation of people who had grown up with two
separate pairs of parents: a biological set who had contrib-
uted very little to the environment in which the children had
been raised; and an “environmental” (adoptive) set, who
had contributed nothing to their adopted children’s genetic
heritages.

The Kety team searched through the registries and com-
piled an enormous sample of potential cases. In Copenhagen
alone, they found 5,500 people over the age of thirty who
had been legally adopted by people who were not their bio-
logical relatives; in the rest of Denmark, they corralled an-
other 9,000, for a total of 14,500 people who had lived at
least 25 years in an adoptive, rather than a biologically de-
termined, environment.

The team had originally come to Denmark with a spe-
cific goal in mind—to discover underlying factors in the
mental disorder schizophrenia. They were well aware of the
difficulties they faced: Schizophrenia has proved about as
easy to define as a lovely day. The problem does not lie in
getting people to agree on the aesthetic value of, say, the first
spring thaw after a long winter. It is more a matter of the
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borderline situations—the clouds, breezes, slight chills—that
make general agreement next to impossible. That is when
diagnosing schizophrenia becomes an art rather than a sci-
ence, a conclusion based at least partly on the subjective im-
pressions of the examiner. For while psychiatrists can gen-
erally agree that someone who claims that Martians are
communicating with him telepathically (and then acts on
that claim) is schizophrenic, they have reached no consensus
on the specific constellation of factors—the major distur-
bances of thought, emotional expression, speech, movement,
and behavior—that either confirm or deny the existence of
the psychosis.

To begin their study, the Kety team used definitions
common to psychiatry in the United States. They agreed to
look for three fairly distinct types of schizophrenia: chronic,
acute, and borderline. Then they went through the Danish
records, matching the adoption lists with the psychiatric reg-
istry, and emerged with 34 schizophrenics out of the 5,500
adoptees in Copenhagen, a number not far out of line with
the incidence of 1 to 3 percent that appears in the general
population. Because two of the 34 were identical twins (with
the same bioclogical and adoptive parents), the team now
had 33 index cases as a basis for comparison. To complete
the experimental design, they chose a control group of 33
normal adoptees who resembled the schizophrenics as closely
as possible in such elements as age, sex, and social class.

The scientists now had four sets of relatives to investi-
gate—the biological parents and siblings for each group, as
well as the adoptive parents and siblings—for a total of 512
people. And they knew that schizophrenia tends to run in
families. By discovering which groups of relatives produced a
higher incidence of schizophrenia, they could determine
which factor, the genes or the environment, plays a more
critical role in the disease. For if schizophrenia is an expres-
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sion of genetic factors, it would appear significantly more
often in the biological families; and if it is an offshoot of en-
vironmental factors, it would be concentrated in the adop-
tive families.

Almost immediately they ran into trouble: there were too
few hospitalized schizophrenics among all the relatives to
allow them to discern any pattern at all. So the team made a
crucial decision to include those whom psychiatrists term un-
certain schizophrenics and schizophrenic inadequate personalities,
people who exhibit schizophrenic-like behaviors too mild to
be considered strictly schizophrenic. The change was a diffi-
cult one to make. Denmark accepts only the classical defini-
tions of schizophrenia; and so the team had to make these
diagnoses of so-called spectrum schizophrenia on their own,
using only the elaborate records provided by the psychiatric
registry.

To preserve the integrity of the investigation, the team
created a code for the index cases (the original schizophren-
ics), the control cases (the normal adoptees), and all the rela-
tives. Nobody who knew the code performed the investiga-
tive work.

During their first study, the team managed to survey 463
out of the 512 relatives, and found 21 that fit into the schizo-
phrenic spectrum. When they broke the code that protected
the relatives’ identities, they discovered this breakdown in
the numbers:

Number and Percent of Schizophrenics Among:

Biological Adoptive
Relatives Relatives
Index (schizophrenic)
cases 13/150 (8.6%) 2/74 (2.7%)

Control (normal)
cases 3/156 (1.9%) 3/83 (3.6%)
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The results clearly indicated that schizophrenic disorders
were concentrated among the biological relatives of schizo-
phrenics. But the team was not satisfied; the inclusion of the
fuzzier definitions of the schizophrenic spectrum had made
them cautious. To test their findings, they decided to have a
Danish psychiatrist, Bjorn Jacobsen, interview every relative
he could find.

Jacobsen spent two years interviewing relatives who were
willing, about 90 percent of those who were still alive. He
also received some useful information from many of those
who declined to participate, during the course of some long
and complicated refusals that he elicited when he asked
them why they would not help. Interestingly, even those who
died provided some clues about the accuracy of the study.
Although they were not included in the final results, most of
the deaths were among biological relatives of the schizo-
phrenics; and many were a result of suicides, often a sign of
mental disturbance.

Jacobsen worked as the Kety team had, not knowing
which relatives belonged to which group. Yet his results mir-
rored those of the original team. And a second group of psy-
chiatrists that was asked to analyze Jacobsen’s results agreed
with his findings.

Kety’s team used the same analysis on adoptees in the
rest of Denmark. The ratios among the four sets of parents
were carbon copies of those in the Copenhagen study.
Curiously, however, the rate of schizophrenia in all catego-
ries was about half of what it was for those living in the city,
indicating the importance of environmental factors in
schizophrenic disturbances.

Kety has pointed out that his results imply that “there
must be two forms of schizophrenia: that which is primarily
genetic and that which is primarily environmental.” The
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fact that about half the schizophrenic adoptees had biologi-
cal families with no signs of the disorder seems to support his
conclusion. Speculation about the environmental factors has
ranged from the notion that a virus may be involved to the
recognition that nearly all the “environmental schizophren-
ics” were born in winter, suggesting that the risk of birth
traumas might be higher during that season. Still other re-
searchers have pointed out that just because schizophrenia
didn’t appear in the biological families before doesn’t mean
that genetic components didn’t exist; they simply may not
have been expressed in the parents. And others have noted
that if a virus is involved, as Kety suspects, researchers may
ultimately discover a genetic marker for susceptibility to it,
another case of an “environmental” cause with a genetic
component.

The Denmark studies both confirm and are confirmed by
other surveys of schizophrenia. Leonard Heston, a member
of the group at the University of Minnesota that is looking
into the phenomenon of identical twins raised apart, has
found a strong correlation between schizophrenic mothers
and the problems of the children they give up for adoption
at or near birth. And some twenty studies of identical and
fraternal twins that have been conducted since 1928 indi-
cate, on the average, that if one identical twin becomes
schizophrenic, the other has about a 50 percent chance of
becoming ill as well. The rate for fraternal twins is much
higher than that of the general population; they do, after all,
share about half their genes and much of their environment.
But it is still about a quarter of the rate for twins with iden-
tical sets of genes.

The groundwork that Kety’s team laid in Denmark has
spanned other studies as well. Surveys of adoptees with
manic depression have shown that those with a familial his-
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tory of the disorder have about three times as great a chance
of becoming depressed as the general population. And of the
18 suicides that took place among the relatives of both de-
pressives and controls in the Kety study, 15 belonged among
the biological relatives of the depressed group, implying a
strong likelihood that those exposed to certain stresses and
environments may actually be genetically predisposed to
killing themselves.

The Kety study does not presume to isolate all the un-
derlying factors that certainly contribute to these compli-
cated behavioral disorders. But it offers researchers a simple,
clear-cut design for experimentation that is free from many
of the internal biases that plague other such studies. Its ca-
pacity to reveal previously unsuspected genetic links to cer-
tain behaviors and to confirm the existence of these connec-
tions in others makes it a powerful tool for future research,
an important step on the path to behavioral markers.

Markers and Alcoholism

The links between genes and our response to alcohol ap-
pear in all sorts of genetically distinct groups. When Japa-
nese, Taiwanese, and Koreans drink amounts of alcohol that
have no visible effect on Caucasians, their faces flush mark-
edly and they exhibit mild to moderate symptoms of intoxi-
cation, a difference that may be tested early in life and has
been found to have no relation to other activities. Studies of
identical twins have revealed that if one twin is an alcoholic,
the other has a 55 percent chance of becoming one as well,
while the level of concordance among fraternal twins is only
28 percent. The survey of alcoholics among Kety’s Danish
adoptees found that the men had about four times the risk of
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developing alcoholism if one of their biological parents was
alcoholic. And Swedish studies on the relative influences of
the environment and genetics have found that heritability
may be as high as 90 percent for some forms of the disease.

These statistics do not mean that any one child of an al-
coholic will also become an alcoholic. The 55 percent con-
cordance among identical twins and the fact that women are
far less likely to become alcoholic than men—possibly be-
cause they may have less contact with heavy drinkers—
should give some indication of the importance of environ-
mental factors in the disease. Nevertheless, work 1s now
being undertaken to determine exactly what the genetic
components of alcoholism are.

Just as “cancer” is a term that encompasses dozens of dif-
ferent specific problems, alcoholism may be caused by any
one of several mechanisms. Among those identified so far as
possible culprits are the rate of intoxication, the rate of elimi-
nation of ethanol (pure alcohol) from the blood, addictabil-
ity, and the susceptibility of the liver, pancreas, brain and
fetal tissues to the complications that chronic alcoholism can
cause. These factors, either alone or in combination, may
underlie any one individual’s propensity toward the disease.

With an eye toward these difficulties, researchers have
begun to test different people for possible inherent differ-
ences in their reaction to alcohol. One such study, performed
by Marc Schuckit and Vidamantas Rayses, two psychiatrists
at the University of Washington, has isolated a possible
marker for some forms of the disease.

Schuckit and Rayses surveyed 304 healthy males from
the university and selected 20 who had an alcoholic parent
or sibling. Then they matched them to a control group with
no alcoholic background, but with similarities in age, sex,
marital status, and drinking history. The two groups were
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given doses of ethanol that varied according to their body
weights. Then samples of their blood were tested for the ap-
pearance of acetaldehyde, a product of the body’s efforts to
break down ethanol and a poisonous substance implicated in
some of the more debilitating effects of alcoholism. A clear
difference appeared between the two groups: Those with
family histories of alcoholism had almost twice the amount
of acetaldehyde in their blood as the control group.

As the two researchers have noted, these initial findings
have profound implications. An increased concentration of
acetaldehyde might actually change the way alcohol makes
susceptible people feel while they are drinking and may pro-
vide a possible physical link to the psychological aspects of
addiction. The genetically caused higher concentrations may
also make those predisposed to alcoholism more vulnerable
to internal damage from the by-products of alcohol metabo-
lism.

An even stronger connection has been discovered be-
tween alcoholism and psychiatric disturbances. Some alco-
holics develop severe memory loss as well as thought disor-
ders. Frequently, psychiatrists describe these people as being
in an “alcoholic deteriorated state,” a blanket generalization
that obscures the fact that we don’t really know the cause of
the disorders. But some people, mostly of European extrac-
tion, combine these psychiatric symptoms with eye and bal-
ance disturbances. When physicians discovered that this
combination could be distinguished from the more vague
“alcoholic deteriorated state”—and was concentrated in a
single population—they gave it a name (Wernicke-Korsakoff
syndrome) and began to search for a genetic cause.

Soon they found one. They noticed that the nerve cells in
people with Wernicke-Korsakoff syndrome do not function
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properiy and linked the problem to a defective enzyme,
transketolase.

People with defective transketolase need more thiamine,
a B vitamin, than the normal population. Fortunately, the
average diet supplies enough to protect them. Alcoholics, on
the other hand, have notoriously poor nutritional habits. It 1s
not that they simply are more susceptible to Wernicke-Kor-
sakoff, but that they also do not ingest enough Vitamin B to
protect themselves against the defective enzyme.

Some physicians have suggested that Wernicke-Korsa-
koff syndrome would be alleviated if liquor were fortified
with thiamine. Others have mentioned the possibility of
screening alcoholics for the defect so that, if nothing else,
particular attention can be paid to their diets.

Disorders such as alcoholism and schizophrenia are gen-
erally far less amenable to genetic prophecy than other dis-
eases. They are difficult, if not impossible, to define; they are
usually caused by the interaction between an entire constel-
lation of genes and the environment; and the environmental
factors themselves may prove to be impossible to pin down.
Nevertheless, our use of genetic tools to address these issues is
getting results. Our ability to uncover the underlying mecha-
nisms of these diseases improves almost daily. As we move to-
ward an understanding of how behavior works, we come
closer to the time when we can define these problems
through both their environmental and their genetic compo-
nents; ultimately, we may reduce what we don’t know to the
point where, in a practical sense, it no longer matters.

The Biology of Behavior

The brain has long been one of the most misunderstood
organs in the body. Unlike the lungs, the kidneys, or the
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heart, the brain has no obvious function. It appears at first to
be an amorphous mass, a three-pound lump of grey matter
without distinguishing characteristics, with no clearly de-
fined connections to the normal patterns of flow between the
body and the environment. The brain is the hub for an enor-
mous plexus of nerves that extend to every organ, muscle,
and sensory surface of the body, but its role is far from clear.
As a result, ancient scientists put little faith in its impor-
tance. The Sumerians and Assyrians believed that the soul
resided in the liver. Aristotle campaigned for the heart, rele-
gating the brain to a secondary role as a thermostat which
regulated the cooling of the blood during its travels.

Gradually, however, the brain began to receive the at-
tention it deserved. Scientists began to realize that its simple,
undifferentiated appearance masked an organ far more
complicated than the kidney or heart. They began to probe
its function, finding that electrical shocks could cause frogs’
legs to jump. They learned that it was filled with tiny elec-
trical circuits. They looked through microscopes and found
that it was composed of various kinds of cells. By the middle
of the nineteenth century, scientists felt comfortable enough
with their knowledge of the brain to compare its functions to
the tangled interconnections of the telegraph, long before
they had access to the facts that proved it to be so.

Now we know what the brain is and does. We recognize
that it contains the maze of the mind, that it consists of a
highly organized assemblage of cells that receives, synthe-
sizes, and responds to information, and that it can actually
initiate action on its own. And we compare it as best we can
to that epitome of modern technology, the computer, having
discarded the idea of the telegraph as too simple to encom-
pass all the brain’s workings. Nevertheless, while we have
clarified some of the brain’s mechanisms and have learned
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how some of its parts are organized, we still have almost no
idea of what it all means. We can’t even guess, for instance,
what the mind is—if it is, indeed, any thing at all—how the
centers of behavior are structured, how that vast constella-
tion of nerve cells, or neurons, keeps it all under control. And
we are a long way from determining precisely how the brain
responds to the environment: what parts it helps us control,
and what parts strongly affect it.

Forty years ago, the possibility that the environment
might influence the brain was never even raised. Scientists
knew that the central nervous system was bombarded with
stimuli, faced with the task of making decisions based on a
crush of information relayed by its sensory scouts in the
muscles, skin, eyes, tongue, ears, nose, and internal organs.
But they assumed that the brain functioned in splendid iso-
lation. They believed that it was so critical to our existence,
so delicately tuned, so devoid of back-up mechanisms, that
the rest of the body acted as a buffer between it and bio-
chemical elements in the environment that might upset its
sensitive workings. Some hypothesized a chemical barrier
that prevented environmental insults from reaching the
brain at all, that preserved the brain as a command post of
intelligence in the same way the Rocky Mountains now pro-
tect the computerized brain center of the Armed Forces in
the event of a nuclear attack. Only strong environmental in-
trusions—a billy club on the skull, perhaps, or a dose of al-
cohol—could reach it.

Others, however, disagreed. They argued that the brain
would ultimately prove to be susceptible to environmental
influences. Sigmund Freud himself predicted that the types
of behavior he was studying would eventually be discovered
to have biochemical foundations. But only in the past few
decades has the medical community developed the tools to
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explore this possibility; and only in the past few years have
the established centers of psychology accepted the fact that
various forms of behavior have biochemical, physical com-
ponents.

The investigation of the nature of diseases passed
through three stages of sophistication during the past few
centuries, as scientists first viewed disease as utterly external,
then began to explore its microscopic components, and fi-
nally formulated theories based on these revelatory discover-
ies. Research into the brain can be broken down into the
same groups. Today we are still in the second stage of ex-
ploration, far from an understanding of the more complex
mechanisms (memory, consciousness, intelligence, or learn-
ing), but gathering insights about the pathways of informa-
tion. And we are beginning to understand how the brain
works on its most elementary level: that of transmitting in-
formation among individual nerve cells, or neurons.

Imagine that every one of the nearly five billion people in
the world has several dozen telephones at his or her disposal.
Only a few of these phones can call long distance, but a se-
ries of local calls can eventually transfer a message from any
one point to any other. Some people use all their phones;
others do not. But the potential for calls to be placed to and
from every single phone exists at all times. That, in its sim-
plest form, describes the almost inconceivable complexity of
the interaction between the brain’s countless (estimates
range from 10 billion to a trillion) neurons. A single neuron
has been known to support as many as 200,000 junctions
with other nerve cells. It can be besieged by a medley of dif-
ferent signals from hundreds of them at any one time. And
out of this barrage, it manages to extract a single piece of in-
formation, synthesizing it from among all the incoming sig-
nals, translating it to a simple electrical impulse, and passing

it on to the next neuron.
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Neurons transmit information both electrically and
chemically. Messages moving within a single neuron are
electrical in nature; but when they move between neurons,
they are transformed into a flood of chemicals which are re-
leased by the transmitting neuron. Some of the chemicals are
tiny, tangled fragments of protein, called neurotransmitters.
They float toward the next nerve cell and attach themselves
to it, fitting like keys into the locks of special receptors in
the neuron’s tip. Their presence can trigger or suppress an
electrical impulse in the cell, and the message is moved
onward from neuron to neuron, guided by the alternating
chemical and electrical pulses through the labyrinth of the
brain.

The different neurotransmitters are already famous in
their own right. There are the endorphins, morphinelike sub-
stances that can smother the sensation of pain; acetylcholine,
the most abundant transmitter, found in nearly every neu-
ron; dopamine, implicated as one of the critical transmitters
for behavior and learning; serotonin, which seems to be linked
to sleep and depression; norepinephrine, serotonin’s alter ego,
which has been tied to arousal, aggression, and heightened
physical activity; and many others. Some neurotransmitters
are chemically similar to hallucinogens: the structures of
norepinephrine and mescaline (the active substance in pey-
ote) are very much alike; and serotonin and the street drug
DMT—a compound like LSD that often causes psychotic re-
actions—are also closely related. One popular but unproven
theory is that we normally produce our own internal supply
of hallucinogens, and we actually do produce enzymes that
are capable of their production. We may someday discover ge-
netic defects that cause some of us to overproduce certain
neurotransmitters in response to an environmental stimulus
like stress.

The specific roles of neurotransmitters in behavior de-
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pend on two factors: where they are located in the brain—
that is, which group of neurons (memory, vision, muscular
action) they influence; and whether they excife neurons
(turning them on and triggering electrical impulses) or in-
hibit them (preventing them from firing). Neurotransmitters
generally either excite or inhibit neurons, not both. But their
impact on behavior depends on the nature of the group of
neurons they are affecting. A lack of dopamine, for instance,
may cause Parkinson’s disease in one area of the brain, emo-
tional disturbances in another, and a disruption of hormone
regulation in a third.

Current research indicates that the most common forms
of mental illness (manic depression, depression, and schizo-
phrenia) are all significantly affected by the levels of one or
more of these transmitters in different parts of the brain. The
use of psychoactive drugs confirms these findings: drugs that
have powerful effects on behavior often act by modifying the
levels of neurotransmitters.

The existence of neurotransmitters and the effectiveness
of psychoactive drugs illustrates the biochemical nature of
behavior. But how does heredity influence this relationship?
It seems that the genes play two basic roles in the character
and function of the brain: Genes form the blueprint from
which the protein building-blocks of the brain are derived.
As such, they are crucial in helping to determine the nature
of the brain’s organization—how, in each individual, the
centers of various kinds of complex patterns of behavior are
arranged. Researchers now believe that the genes may pro-
vide an excess of nerve cells—far more than the brain ac-
tually requires. The environment then selects from among
the available pathways to shape a working brain, determin-
ing which neurons are connected to which. Among the criti-
cal questions still unanswered: What is the plan that deter-
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mines how genetic instructions are translated into the brain’s
wiring? How does the environment manage to direct the
pathways of neural connections? How much of a single neu-
ron’s affinity for other neurons comes from the hereditary
blueprint and how much is left malleable?

Second, genes also help determine the concentrations of
neurotransmitters and other chemicals that are available in
specific areas of the brain. The genetic connection has been
borne out by several studies involving the neurochemistry of
mice. The studies show that the influence of genes varies;
the levels of some neurotransmitters are probably mediated
by a single gene—implying that the genetic contribution is
relatively straightforward—while others are undoubtedly
directed in part by groups of genes. One recent study has
confirmed the role of genes in determining the number of
dopamine-producing neurons that grow in the brains of
mice, which is an indication of how genes might control
chemical production.

Genes may also control the level of the various enzymes
that are involved in the transmitter-receptor connection.
One of these enzymes, called monoaminoxidase (MAO),
seems to help receptors rid themselves of transmitters that
have done their job. By removing transmitters after a certain
period of time, MAO blocks further transmission of a signal
until a new flood of transmitters is loosed. Low levels of
MAO, which would allow neurons to be in a constant state
of excitement or inhibition, have been tied to chronic levels
of schizophrenia and manic-depression; in one such study,
low MAO activity was linked significantly to higher levels of
psychopathology in otherwise healthy volunteers. Since
then, tests of MAO activity had been used successfully in ex-
periments to predict the likelthood that some college stu-
dents would have psychiatric difficulties. Several tests have
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disclosed a suicide rate among men with low MAO activity
and their families that was eight times higher than that of
men with high MAO activity. Other studies contradict these
findings, and scientists generally feel that until MAO’s role is
better understood, it will be useful only in experimental set-
tings. Nevertheless, the roles of enzymes in behavior are
slowly being recognized. Ultimately, they might become
more important to the science of predicting susceptibility to
mental disorders than the neurotransmitters themselves.

Research like this into the specific influences of genes on
the most fundamental relationships in the brain have set the
stage for further work. Thus far, the findings have been tan-
talizing, but incomplete. Some pathways have been pro-
posed, but they are complicated; many mechanisms are still
unknown. Nevertheless, even from so little information, a
broad pattern is emerging. An astonishing parallel seems to
exist between the way genes and environment interact in be-
havior and the way they work together in disease. Again, the
genes provide a rough template, a blueprint of general orga-
nization and structure, a set of potential links with one’s be-
havioral ancestry. The environment does the fine-tuning,
choosing from among these possible paths, whittling the
broad outlines into a polished whole. The relative influence
of genes and environment may change according to the
characteristic: breathing, for instance, is under tight genetic
control, while our more complex behaviors are far more sub-
ject to subtle environmental pressures. But the general
theme—of genes, environment, and their interaction—re-
mains the same.

As if to prove the validity of this idea, the parallels do not
simply stop at the general level of behavior. Even in the biol-
ogy of the brain, the same relationship exists. The brain’s
own organization provides the “blueprint” for behavior, de-

& zron ]



Markers and the Mind

fining the possibilities; and the neurochemicals, the trans-
mitters and enzymes, constitute the “environment” which
selects from among the blueprint’s alternatives. The pattern
is causing researchers to delve deeply into the brain’s molec-
ular structure for clues to how it works.

The Making of a Marker

In the mid-1970s, David Comings of the City of Hope
National Medical Center in Duarte, California, began a
search for mutant, or altered, proteins in brain tissue. Com-
ings was especially interested in the brains of patients who
had succumbed to Huntington’s disease, an insidious, geneti-
cally transmitted disorder that causes rapid emotional and
intellectual deterioration, usually around the age of 40.
Huntington’s disease has struck down, among others, Woody
Guthrie, the folk balladeer who was at first misdiagnosed as
schizophrenic, as were many others with the disease.

Huntington’s disease is triggered by a dominant gene;
only one copy of the gene, from one parent, need be in-
herited for the disease to occur. Although scientists have not
yet located the gene, their statistics prove its dominance; on
the average, one out of every two children of a parent with
Huntington’s disease also becomes ill.

Because of the nature of the disease, it is also clear that
the gene for Huntington’s disease produces a protein that
acts on the brain. Because of these characteristics, Comings
felt certain that the brains of Huntington’s victims would
contain a marker, and that, if he could isolate it, he could
predict who would eventually come down with the disease.

Coming’s experiment followed a classical method of iso-
lating proteins in tissue. First he took slices of matter from
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the brains of both Huntington’s victims and a control popu-
lation who had died of cancer, heart disease, and other unre-
lated causes. Then he minced his samples, mashing them to
a smooth pulp, and suspended them in solution. From the
solution, he was able to extract a purified sample of the pro-
teins. He spread them on a gel (a viscous substance flattened
between two plates of glass) and subjected the concoction to
a steady flow of electricity.

Proteins have different weights and electrical charges
that can be used to tell them apart. As the electricity passed
through the gel, the brain proteins began to migrate in dif-
ferent directions, some attracted to the source of the current,
some repelled by it. The distance they moved depended on
their size and weight. When Comings turned off the current,
his gel had developed a characteristic set of spots at points
where identical proteins had gathered. Now he had a map of
the brain proteins.

If the experiment is performed correctly, specific proteins
always move to the same place on the gel, making them easy
to identify. When Comings looked at the pattern created by
the brain proteins of Huntington’s victims, he noticed a new
spot, one that he had never seen before; somehow, he had
managed to isolate a previously unknown protein.

Tests on other tissues failed to elicit the protein again; it
seemed to crop up only in the brain, an indication that it
was produced only when the genes coding for the brain were
turned on and for no other tissues. But the protein occurred
just as often in the control population as it did in those with
Huntington’s disease. It was not a marker for that particular
diserder.

Still, the protein did exist; and it appeared most often in
samples taken from brain sites believed to be involved in
psychoses and neurologic diseases. Therefore, Comings
changed his experimental goals. He began to search for the
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appearance of the protein in the brains of people who had
had multiple sclerosis, a neurologic disease, and those of sui-
cides who had exhibited signs of depressive illnesses.

Comings examined 276 brains in all—152 controls, 52
from people who had had diseases like multiple sclerosis, and
72 from manic depressives, depressives, schizophrenics, and
alcoholics. His findings provided some tantalizing clues
about the nature of “mental” illnesses: The protein, which
he christened Pc / Duarte, appeared in all groups, but much
more frequently among those in the experimental groups. Of
the control group, 2.5 percent were homozygotic (with two
copies of the gene that controlled the protein). The group of
depressives, schizophrenics, and alcoholics, on the other
hand, contained 12 percent homozygotes and 64 percent het-
erozygotes (with only one copy of the gene); and of those
who had had multiple sclerosis over half—55 percent—had
at least one copy of the gene.

Our understanding of depression—what it is, what
causes it, how it works—is still in its formative stages. But we
do know several things.

* Depression is a disturbance of mood. It is not a single,
all-encompassing disease, but several smaller ones: Re-
cently, researchers have classified the major categories
as bipolar depression (or manic depression), in which
an individual may plunge from the extremes of excess
energy and hallucinations to the depths of lethargy;
and unipolar depression, depression without mania,
which 1s perhaps ten times more frequent than bipolar
depression.

+ Depression can manifest itself in mild and severe forms.
Generally, psychiatrists distinguish between two levels,
calling those who are less severely affected “neurotic”
and those whose depression is incapacitating “psy-
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chotic.” Nevertheless, there is very little agreement
about where one level ends and the next begins. Per-
haps the simplest definition—until specific symptoms
can be pinpointed as “neurotic” or “psychotic”—is the
old saw that “neurotics build castles in the sky, psy-
chotics live in them, and psychiatrists collect the rent.”

» There is a clear distinction between the mild unhappi-
ness that everyone feels once in a while and the
chronic, organic depression felt by those suffering from
mood disorders. Even so, depression 1s the most com-
mon of all mental conditions; the National Institute of
Mental Health has estimated that up to 15 percent of
all adult Americans suffer the symptoms of depression
In a given year.

As vague as these descriptions may sound, they are ad-
vanced and highly technical compared to clinicians’ under-
standing of what causes the condition. Theories have
variously pointed to social, psychological, biochemical, and
genetic factors as the key to the disorders. Today, at least, the
most likely explanation is that a combination of several ele-
ments is involved in any single case; until researchers can
define organic depression more precisely, that is as compre-
hensive an explanation as we will have.

Nevertheless, their search will continue to uncover dis-
crete parts of the puzzle, each one taking us closer to under-
standing the whole. Comings’ findings offer powerful argu-
ment for the existence of at least one specific genetic factor.
If his results are confirmed—if, in other words, the Duarte
protein is found to be either a predisposing factor in de-
pression or a link to such a factor—scientists may have one
predictive mechanism for the disease.

So far neither the protein nor its gene has been isolated,
and Comings does not presume to guess exactly how it func-
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tions. He notes the possibility, however, that in the near fu-
ture patients who complain of depression or heavy drinking
could be tested for the Duarte protein, and followed more
closely if it appears. Perhaps the protein itself will ultimately
provide a better explanation of exactly what the disease is
and how it works.

The links between the Duarte protein, multiple sclerosis,
and depression are still experimental and statistical. But evi-
dence of their association is appearing in other quarters as
well. Although no significant associations have been re-
ported between depression and multiple sclerosis (an associa-
tion that might be expected if the Duarte protein is a marker
for both), one recent study noted that patients with family
histories of depression were more likely to carry the antigen
HLA-B7 at a ratio of 55 to 19 than those without such a fam-
ily history. And HLA-B7 is one of several antigens that have
been tied to the incidence of multiple sclerosis.

But even if the Duarte protein is found to be linked to de-
pression, the problem arises of how to test for it; a genetic
marker found only in the brain is particularly difficult to
isolate. So far, the only known way is to take a slice of grey
matter and analyze it, a procedure that few people in their
right minds would agree to. Until recently, the sheer imprac-
ticality of cutting into inaccessible, localized areas of the
working brain had researchers stymied. They could test for
certain proteins in cadavers and animals, but testing or
screening living humans was out of the question.

In the near future, however, that problem may be licked.
The stunning advances in biotechnology that have taken
place over the past few years have resulted in techniques that
give us an opportunity to explore the core of the brain’s he-
reditary blueprint—the genes themselves—without ever in-
truding on the brain’s own sanctuary, the skull.

The conceptual breakthrough that makes this possible
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comes from a delightful bit of reasoning: Proteins are pro-
duced by genes, and every cell in the body (except mature
red blood cells) carries the blueprint—the entire genetic
code—for every protein the body manufactures. Therefore,
the genetic maps for brain proteins like the Duarte protein
also exist in each body cell. The genes may be permanently
switched off (they may not be needed in the creation of, say,
skin cells); but they are there. Now scientists have discovered
how to locate them, whether or not they are functioning.

The technique grew out of a series of experiments per-
formed in the late 1960s that discovered how bacteria man-
age to survive in a hostile world. It turns out that bacteria
are not immune to invasion from outside; they are constantly
under attack by viruses that use the bacteria’s reproductive
mechanisms to reproduce themselves. Viruses cannot repro-
duce without bacteria. So they attach themselves to their
prospective hosts and inject their DNA through the cell
walls, using a hypodermic-like device they have developed.
The viral DNA attaches itself to bacterial DNA; and when
the bacteria reproduce, they copy the foreign DNA as well as
their own. In many cases, the viral DNA manages to repro-
duce faster than the bacteria do, the tiny viruses grow and
fight for space until the bacteria, stretched beyond endur-
ance, explodes. The new viruses float away, in search of new
hosts.

To protect themselves, bacteria have developed a group
of bacterial enzymes, called restriction enzymes, that act like
microscopic assassins, searching out pieces of foreign DNA
and snipping them into useless, nonfunctioning lengths.
Each restriction enzyme works by recognizing a specific ge-
netic code—a small segment of the DNA message that the
bacteria do not normally have. They actually “recognize”
DNA that does not belong and destroy it before it can do
any harm.
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 Restriction
A ENzyme

4. Directly identifying genes. (A) Restriction enzymes, which cut DNA
only when they come across specific DNA codes, are added to a solution
containing DNA. (B) The enzymes migrate to sites containing their
codes and slice the DNA. Because the shorter lengths of DNA are mea-
sureable, scientists can find out whether a certain gene is present simply
by measuring the lengths of DNA—discovering whether a specific se-
quence exists by determining whether or not it has been cut.

In the late 1960s, Herbert Boyer, a researcher at the Uni-
versity of California, isolated the first of these tiny biological
scissors. Since then, dozens more have been identified. Be-
cause each restriction enzyme recognizes one, and only one,
sequence of DNA, the enzymes are now used routinely
in laboratories to chop up lengths of the molecules at sites
chosen by scientists. Already, they have been instrumental
in the work that led to the first bacterial production of
such potentially valuable products as interferon and hu-
man insulin.

But the enzymes are only tools. Just like any hammer or

e 2E7e



GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

electric drill, they can have many different functions. Most
recently, they have been used to identify specific genes.

The technique works like this: If a scientist knows what
the genetic difference is between a healthy gene and a defec-
tive gene, and if he has a restriction enzyme that can cut the
defective gene at the point at which its code is different, he
can identify the defective gene simply by determining
whether or not a sample of DNA can be cut by the enzyme.
The healthy gene, with no code that the enzyme can recog-
nize, remains uncut; the defective gene is snipped apart at
the site of the defect.

Already scientists have identified the gene for sickle-cell
anemia by this method. Now they can actually discover who
will contract the disease by testing for the gene that causes it,
and not merely by searching for that gene’s protein product.
The same technique may ultimately be used to identify any
gene, including those that contain the information for pro-
ducing brain proteins like the Duarte protein.

Ultimately, these techniques may do far more than sim-
ply pinpoint specific genes. If enough restriction enzymes are
discovered, or, perhaps, manufactured synthetically, we may
be able not only to identify large segments of chromosomes
but the smallest units of heredity—the base pairs themselves,
the rungs on the ladder that Francis Crick and James Wat-
son described some 30 years ago. That astonishing prospect
is not nearly as distant as some might think. One prominent
scientist in the field, Park Gerald of Children’s Hospital
Medical Center in Boston, Massachusetts, has remarked: “In
the near future we will be able to hand you a list of every one
of the three billion base pairs on the human chromosomes. It
1s no longer a matter of innovation to do this. It is now just a
question of time and tedium.”

With that kind of precision, genetic prophecy will be-
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10. THE
BATTLE
ROYAL

There is not just one intelligence but rather several. And
I would like to know how a Nobel Prize winner would
feel if he were by some set of circumstances to find him-
self alone in a jungle faced with the need to survive.
Frangois Jacos

f you feel in the mood for a fight, here is a
surefire way to start one: Go to the bar or party
nearest you and loudly discuss your views on the relationship
between genes and intelligence. No matter which point of
view you decide to take, you are guaranteed to find some-
body who is willing to go to the wall for the other side.
The battle over what controls the mind is reminiscent of
the range wars that enveloped the American West a century
ago. The territory is wide open; the frontiers have yet to be
fully explored; not even the terms are fully defined. Yet al-
ready both sides have staked out their domains. Each has
sketched doomsday scenarios if the other side wins. And nei-
ther can tolerate neutrality. “If you ain’t with us,” the saying
goes, “‘you’re against us.”
Curiously, the problem is not with the scientific evidence
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itself: that is building in a clear and obvious direction. The
difficulties arise when personal beliefs and biases get in the
way of interpretation, when politics take the place of logic,
when too little information is used to support too expansive
a theory.

The protagonists can be divided into two groups, each
one a perfect subject for caricature: The environmentalists
say: “The genes play an insignificant role in intelligence and
personality. They simply cannot be isolated and examined.
The power of upbringing and culture is so pervasive that any
set of behaviors ascribed to the genes can also be linked to
environment. Testing for genes and announcing positive re-
sults plays right into the hands of those who are searching for
a scientific rationale to bolster the presumed superiority of a
race, sex, or geographical group.”

The sociobiologists say: “The genes are the power behind
the behavioral throne. The human organism is merely
DNA’s way of making more DNA. Personality and intelli-
gence are genetic vehicles for survival. The environment
merely provides a set of variables from among which the
genes select. If we refuse to test for genes, we are placing a
political agenda in the path of the search for knowledge.”

These descriptions may at first seem like oversimplifica-
tions of the serious arguments presented by thoughtful ad-
versaries. In many cases, they are. But the arguments battled
about in public are seldom serious or thoughtful. On the one
hand, there are genetic advocates like William Shockley, the
Nobel Prize winner who has agreed to permit his sperm to be
used in a scheme of artificial insemination whereby women
of “superior” intellect are fertilized by the genes of winners
of Nobel Prizes for science (but not for literature or peace).
The rationale behind this is obvious. But it violates some of
the most basic rules of genetic inheritance. Shockley has sev-
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eral children of his own, all startlingly average. When asked
why they are average, Shockley placed the responsibility on
the limited intellectual capacity of his first wife.

On the other hand, there are politically motivated
groups of scientists like Science for the People, in Cam-
bridge, Massachusetts, which hold that all science and re-
search should be answerable to the public. Some of its mem-
bers act as devil’s advocates for any genetic study that has
human implications, no matter how restricted or accurate its
conclusions might be. It is not always their fault, of course.
Journalists know where to go when they want a fiery quota-
tion to spice up a story. With so many studies being carried
out, it is almost impossible for any one person to keep up
with them all. So journalists frequently call members of Sci-
ence for the People, present the facts as they see them, and
wait for the thoroughly predictable response. When it comes,
everybody 1s happy. The journalist has gotten his quotation,
the socially conscious scientist has free publicity for the
cause. Unfortunately, the public has nothing to go on but a
few choice words balanced against a mass of carefully
derived scientific data. How can people discern which is
which?

The bottom line, however, should be solid evidence. And
solid evidence demonstrates a clear and growing link be-
tween genes and intelligence. The connection is not always
denied, of course. Everybody agrees that a child with Down’s
syndrome (with a third chromosome added to the 21st pair)
exhibits the characteristic flattened posterior skull, the
widely spaced eyes, the short, stocky build, and, quite often,
profound mental retardation. Genetics is also recognized as
the critical element in children with PKU—<children who
can now be protected against retardation by a change in
diet. And it is accepted as the cause in the second most com-
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mon form of retardation for men: the “Fragile X" syndrome,
a disorder in which one of the legs of the X chromosome
breaks away from the main body and dangles, attached to
the chromosome’s body only by a thin thread of DNA.

In these instances and others, it is easy to pinpoint “in-
telligence:” intelligence is what people suffering from these
syndromes do not have. They fall short, to some degree, by
nearly every yardstick we can imagine: verbal and spatial
ability, memory, and reasoning. More importantly, they
often cannot fend for themselves in any society or environ-
ment. And that is a measure that everybody can understand.

The problem, then, is not whether genes can influence
intelligence—they do. It is, rather, whether they influence
normal intelligence, and, if so, how they interact with en-
vironmental factors to enhance or limit the elements that, to-
gether, comprise an individual’s mental capacity. And the
question becomes: Can genes create subtle differences within
groups and among individuals? Or is the role of training and
culture so powerful that it obliterates the genes’ fine-tuning,
the little predisposition they might provide?

It is here that the discussion breaks down. The possibility
that genes might affect levels of intelligence, no matter how
subtly, raises the spectre of a world in which children are
bred for brains, in which those born with lower IQs are con-
signed to the bottom levels of society. In less extreme cases, it
offers the rationale for major abuses of power, for political
systems based on repulsive theories of racial superiority, for
insidious incursions into individual freedoms. Genetic “i
formation” has been used to justify the sterilization of blacks
in the earlier part of this century, to limit the numbers of
certain ethnic groups that wished to immigrate to the
United States, and to foster programs of mass extermination
in several nations over the years. Few are willing to regard

In-
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these horrors as aberrations that cannot occur in more en-
lightened times.

Yet, despite our natural desire to be more careful next
time around, the scientific evidence still remains. Psychologi-
cal tests, studies of fraternal and identical twins (and 1denti-
cal twins raised apart), and investigations within families are
remarkably consistent in finding that intelligence 1s proba-
bly the most heritable among normal behavioral and person-
ality traits. Time after time, they indicate that at least 50
percent of intelligence is directed by the genes.

Or rather, that something we choose to call “intelli-
gence” has a genetic foundation. The arguments as to what
intelligence includes and how we can measure it are far from
over.

What is intelligence? When faced with this question,
many psychology textbooks turn coy. “Intelligence is what
the intelligence test measures,” say several, using the term to
define itself, implying that intelligence is whatever the test’s
interpreter wishes to make of it. Dictionaries variously de-
scribe it as the “faculty of thought or reason” and the “ca-
pacity for reasoning, understanding; aptitude in grasping
truths, facts, meaning, etc.” All this would be fine if we were
talking about some vague concept and not something which
has precipitated attempts at genocide.

Unfortunately, science is not yet very good at testing
things that are explained by words as frothy as “faculty,”
“thought,” “reason,” “understanding.” As a result, we really
have no operational definition of intelligence. And any as-
sumption that our common use of the word has anything to
do with the way a research scientist means it is false.

Intelligence, as we know it, is inextricably bound to cul-
ture. Environmental factors even before birth play an enor-
mous role in determining which of the available mental
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pathways will be used and which will remain fallow. And
each society’s different emphasis on specific skills—our West-
ern civilization’s preference for verbal and analytical abili-
ties, for instance—means that while intelligence may be spe-
cified within a culture, the definition cannot be extended to
include groups outside of that culture. Trying to apply the
rules of Western “intelligence” to an Australian aborigine
(who, at least in times past, was concerned with developing
mental faculties and perceptions of which we are now only
dimly aware) is like trying to hold mercury in your hand.
That is why most researchers agree that measurements of in-
telligence are valid at best only within homogeneous cul-
tures. Comparing the IQs of individuals in two different cul-
tures makes no rational sense in the face of their different
values.

This contention recently received support from experi-
mental evidence gathered by Sandra Scarr of the University
of Minnesota, who studied the results of 1Q tests given to
black children adopted into white homes. Normally, blacks
score an average of fifteen points lower than whites on the
most commonly used IQ) tests, a finding that has led to many
scientists’ speculations about the innate inferiority of blacks.
But Scarr found that black children raised in white homes
gained an average of 16 points over those remaining in black
homes. Furthermore, the younger a child was when he or she
was adopted, the greater the difference in IQ). The extreme
change in environments had a major effect on the children’s
scores, which is an indication of the influence on culture on
whatever the test was measuring.

Do these findings mean that genetics plays an insignifi-
cant role in intelligence? Not at all, for Scarr also found that,
within each family, the IQs of biologically related children
mirrored each other more closely than the IQs of unrelated
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children. The fine-tuning that a family’s environment pro-
vides cannot fully mask the general trends directed by inher-
itance. Clearly, genes play a role in determining IQ, even
though we still do not know exactly what it is that IQ tests
measure.

The controversy surrounding IQ) tests has forced re-
searchers away from attempting to measure intelligence as a
single, unified entity. In fact, most prefer not to speak of “in-
telligence” at all, opting for the concept of “intelligences”—
the separate, distinct, and (some claim) measurable compo-
nents that, together, comprise mental capacity. They refer to
verbal ability, word fluency, perceptual speed, memory, nu-
merical ability, reasoning, and spatial ability, assuming that
if they cannot measure “intelligence” accurately, perhaps its
components will at least afford them a glimpse of the real
thing. Yet even these so-called cognitive abilities are suscep-
tible to vague and contradictory definitions. One researcher,
for instance, examined others’ studies of spatial ability and
found that they had variously measured it as the ability to
visualize two dimensions, the ability to visualize three di-
mensions, and the differences in perception between the left
and right hemispheres of the brain. These are three different
characteristics that may or may not be related, yet all have
been tested to measure the same cognitive trait. Clearly, the
confusion about what intelligence actually is goes right to
the core of the scientific experiments that are supposed to
measure it.

Does this necessarily mean that IQ) tests are invalid? Not
at all; for they are consistent, which means that they are defi-
nitely measuring something, even if we may not be able to
label exactly what it is. IQ tests, for instance, make it possi-
ble for scientists to identify the causes of mental retardation
simply by analyzing the test results: people with Down’s syn-
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drome have test patterns and results that are characteristi-
cally different from those who have PKU; and these groups’
patterns are strikingly different from groups affected by still
other problems.

In addition, genetic markers for intelligence, or, at least,
markers that can predict performance on IQ) tests, are begin-
ning to surface. So far, at least three have been discovered.

IQ and Fragile X. The “Fragile X" chromosome was
discovered in 1969, when Herbert Lubs, a scientist looking
into the history of mental retardation in one family, came
across the characteristic dangling leg hanging from the X
chromosome in one son. He published his results, and others
began to look for the disorder elsewhere. Nevertheless, for
eight years, the Fragile X syndrome disappeared; nobody
could identify another case, and most researchers began to
assume that it was a one-time phenomenon.

Then, all of a sudden, the Fragile X surfaced again. A
young researcher in Melbourne, Australia, discovered it in
eight separate families and established it as an important
factor in mental retardation.

Why did the Fragile X disappear for so long, only to
reappear in one scientist’s studies of a single group? The rea-
son was pure scientific serendipity. The laboratory in which
it was isolated had switched its methods of culturing cells
from an old, accepted technique to a new one. Fragile X can
only be identified under very limited laboratory conditions;
the new techniques made it stand out.

Since 1977, cases of Fragile X have popped up every-
where and in every social class. It occurs primarily in males,
because males carry only one copy of the X chromosome
(their sex chromosomes are designated “XY”); females, who
carry two X chromosomes (“XX”), have a normal X that
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can compensate for, or mask, the Fragile X. Nevertheless, fe-
males do carry the Fragile X trait. That X is now thought to
be the cause of decreased mental development and mild
mental retardation in about 30 percent of the women who
carry it.

Scientists exploring the significance of the Fragile X
chromosome have theorized that the chromosomal damage
may occur at a point which, with less drastic alteration, leads
to learning disabilities and dyslexia. While no simple test for
the syndrome yet exists, prenatal diagnosis may soon be pos-
sible. If so, and if these theories turn out to be correct, the
Fragile X chromosome may turn out to be a marker for spe-
cific abnormalities in mental development.

The possible uses of such a marker are clear. If we can
pinpoint the cause of certain learning disabilities, we may be
able to cure, or at least treat, them. On the other hand, if the
Fragile X is only peripherally connected to these disabilities
(affecting only some of its carriers), we must be extremely
careful to avoid stigmatizing those who might otherwise
grow up normally.

IQ and PKU. The profound retardation suffered by un-
treated children with PKU affects those who have picked up
two copies of the PKU gene—one from each parent. But
what about the carriers? Do those who have only one copy
suffer any ill effects?

Recent tests of the IQs of these carriers indicate that they
do. On the average, parents of PKU children tend to show
slightly but significantly less verbal ability than otherwise
identical control groups. The critical issue, however, is that
carriers, like the normal population, never have elevated blood
levels of phenylalanine, the amino acid that causes profound re-
tardation in their children. Scientists thus assume that the
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PKU gene must also directly affect certain parts of the brain
connected with verbal 1Q.

Sufferers of PKU are identified by a test of their blood or
urine. Until recently, because carriers had no distinguishing
marker, they could only be identified if they had produced a
PKU child. On this basis, estimates have placed the number
of carriers in the United States alone at about two and a half
million.

But a reliable blood test that identifies carriers has re-
cently been developed. A single midday, premeal sample of
blood is enough to identify those who have one PKU gene.
Now, according to Charles Scriver at the McGill University-
Montreal Children’s Hospital Research Institute in Mon-
treal, Canada, *It is possible to predict and prevent the ge-
netic and social effects of PKU and its variants.”

1Q and ABO Blood Groups. Tests of the blood groups
of the inhabitants of seven English villages in 1971 revealed
that people who had blood type A, (a variant of blood type
A) had a slight but significant advantage in intelligence over
those with other blood types. The link between A, and IQ)
was strong enough so that, in that particular homogeneous popula-
tion, it could be used to predict somewhat higher scores on
IQ tests. While other populations might not show the same
correlation with the A, blood type, the finding was impor-
tant; it implies that blood factors can be linked to the groups
of genes that influence 1Q). Just as certain markers that re-
veal predisposition to cancer appear only within families
(demonstrating a purely familial link between the marker
and the gene or group of genes that causes the susceptibility)
many genetic factors may be connected to 1Q within homo-
geneous populations. Ultimately, they may surface as mark-
ers; and we may be able to predict slight differences in 1Q
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within populations based on the links between intelligence and
specific genetic traits.

Markers like PKU, Fragile X, and blood type A, demon-
strate the connections that exist between genes and the ele-
ments of normal intelligence that are measured by IQ tests.
They point out the fact that some patterns of intelligence are
predictable and solidly linked to heredity. As more markers
appear, the accuracy of our predictions will increase.

But what of the crucial question, the possibility that,
based on what we now know, we can compare the intellec-
tual capacities of different groups and consign some to infe-
rior status? That, of course, is the contention of some. They
use the evidence gathered by scientists like Arthur Jensen,
who recently published a massive document titled Bias in
Mental Testing to support his view that the IQ) tests on which
blacks score an average of fifteen points lower than whites
are, in fact, valid.

Jensen’s book has not sparked the expected explosive de-
bate partly because the scientific community has turned
away from the idea that IQ can be a legitimate way of pre-
dicting anything. We know now that IQ) scores mean very
little in determining who will earn more money and who will
earn less. We have discovered that environmental factors can
bounce the results of the test up and down like a yo-yo. And
we are beginning to make inroads into the workings of the
brain itself, isolating the areas in which thought and reason-
ing, memory and calculation reside, learning the biochemi-
cal roots of the mind. In the context of this new knowledge,
IQ tests diminish in value.

Volumes have been written both supporting and attack-
ing Jensen’s original conclusions. Perhaps the most telling
statement of all was released by the Genetics Society of
America, which, in 1976, resolved:
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It is particularly important to note that a genetic compo-
nent for 1Q) score differences within a racial group does not nec-
essarily imply the existence of a significant genetic component
in IQ differences between racial groups; an average difference
can be generated solely by differences in their environ-
ments. . .. In our views, there is no convincing evidence as to
whether there is or is not an appreciable difference in intelli-
gence between races. . . . We feel that geneticists can and must
also speak out against the misuse of genetics for political pur-
poses, and the drawing of social conclusions from inadequate
data.

In the final analysis, whether or not Jensen’s contentions
are true is irrelevant. It is probable that differences in the ge-
netic bases for intelligence do exist among racial, sexual, and
other groups, just as differences exist over the entire range of
physical characteristics. It is even possible that the different
scores of the various races point to associated genetic varia-
tion. Then again, they might not; we simply have no way of
knowing what those differences mean. Our knowledge is, in
fact, still so limited that any theory about the relative intel-
lectual capacities among races cannot be proved or dis-
proved at this time. Those who claim they have solid evi-
dence to the contrary are taking an enormous, insupportable
step from IQ test results to racial theories; theirs is a leap of
faith, not of science.

Genes and Personality

Intelligence is the most noticeable, most measured, most
contested aspect of normal behavior and personality. Other
personality traits have been neglected in the continuing bat-
tle over intelligence, the trait for which the stakes are high-
est. Nevertheless, some scientists have been working with
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everything from sociability (the tendency to be introverted
or extroverted) to levels of energy, from emotions to the drive
for achievement. Not surprisingly, the evidence they have
been compiling is consistent with findings on every other
part of the composition that is man: There seems to be a
clear genetic influence in each basic element of personality.

Perhaps the most unusual discoveries have come in the
area where many scientists expected to find the slightest im-
pact of inheritance. The degree to which we are introverted
or extroverted would seem, at first glance, to be one of the
traits least likely to be influenced by genetics, almost cer-
tainly guided by culture and upbringing. But psychological
tests and twin and adoption studies all bear each other out:
one’s ability to get along with others has a definite genetic
component.

Nobody really knows why this should be so. One theory
has it that the extremes of sociability were bred out of
humans millennia ago; being too gregarious when you
should have been out looking for food would have been
frowned on, while being too much of a loner when men
needed to hunt together in packs would have been unpro-
ductive. Those who were better hunters or gatherers were
more highly prized for reproduction; and, gradually, socia-
bility—perhaps an insignificant trait originally—strength-
ened its connections with the genes.

Support for this thesis has now come from research per-
formed by Joseph Horn of the University of Texas and Rob-
ert Plomin of the University of Colorado. The two scientists
began by undertaking a project that seemed only remotely
related to the issue of the genes’ impact on personality: they
were looking for personality traits that could predispose peo-
ple to heart disease.

Horn and Plomin studied the results of personality tests
given to 200 sets of twins drawn from the registry of 15,900
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kept by the National Research Council. The twins, all veter-
ans of the military, were middle-aged men. Different sets had
been evaluated for the role of smoking in heart and lung dis-
ease, the effects of air pollution, the genetics of psoriasis and
multiple sclerosis, and the causes of early death. This study
of behavior and heart disease was supposed to be just an-
other in a long list of research projects in which they were
involved.

Horn and Plomin began by comparing the tests of fra-
ternal and identical twins; and they found about 50 person-
ality factors (aggressiveness, introversion, extroversion, and
others) for which identical twins were more alike than fra-
ternal twins, implying that those factors had some genetic
component. Their heart study forgotten, Horn and Plomin
began to examine each factor, trying to determine what ele-
ments went into it, struggling to find a common thread that
might hold them all together.

When the dust had cleared, one trait stood out. It was
characterized by the ability to talk to strangers.

Plomin calls the trait “gregariousness.” Horn labels it
“conversational poise.” No matter what it is called, it has a
clear parallel at one point in an infant’s neurologic develop-
ment—its response when it begins to acknowledge the pres-
ence of strangers in its environment. Nobody knows why dif-
ferent infants react differently, but it may depend on
whether they experience the situation as pleasant or painful.
And the perception of that sensation may be under genetic
control.

Sociability is not the only personality trait that seems to
have a genetic component. Other researchers are looking for
similar results in tests for emotionality, energy level, impul-
sive (and its opposite, predictable) behavior, and general
levels of activity and drive. So far the results are inconclu-

sive.
No genetic pathways have been worked out for any of
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these traits; whatever they are, they are probably complex
and interactive, depending on groups of genes rather than
any single genetic factor. Markers that may be found will
probably predict tendencies and minor shifts in personality,
rather than any major predispositions to specific types of be-
havior.

Nevertheless, at least one physical characteristic has al-
ready been linked for predisposition to certain behaviors. Its
existence may indicate that the physical attributes that
make an individual better or worse at certain activities will
tell us more about someone’s future than minor shades of
difference in personality.

About a decade ago, Morgan Worthy of Georgia State
University noticed that certain athletes performed dif-
ferently in different sports. The differences seemed to be tied
directly to the type of activity each sport required, and spe-
cifically to whether the athlete had to react at top speed to
sudden changes, or whether he or she could develop a per-
sonal rhythm in the sport. Through observation, Worthy
found a correlation between eye color and activity; athletes
with darker eyes seemed to respond better in situations re-
quiring split-second timing, such as hitting a baseball or
boxing; athletes with lighter eyes seemed to do better in
sports and positions that required responses to relatively sta-
ble situations, such as golfers and baseball pitchers. The trait
was not tied to race. The same distinction developed be-
tween dark and light-eyed Caucasians as between blacks and
whites.

At first the correlation seemed absurd. But Worthy took
the theory one step further, conducting studies of animals
with light and dark eyes. He found that the same correlation
existed: “reactive” behavior in animals seemed to go hand in
hand with dark eyes; “self-paced” behavior was linked to
lighter colors.
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Surveys of athletes tended to support these findings.
Worthy and his colleagues found that blue-eyed bowlers ac-
tually win more money on the professional tour than those
with brown eyes; and dark-eyed people tend to excel at what
is often termed the most difficult skill in sports: batting a
thrown baseball.

Soon other researchers began to look for more definitive
experimental evidence to support or contradict Worthy’s as-
sumptions. Among them, Peter Post of New York Hospital
designed an experiment to test the reflexes of light and dark-
eyed subjects under laboratory conditions.

Post designed a contraption that would drop a ruler at
the touch of an electronic switch. The volunteers in the ex-
periment had to try to catch it as it fell. The test took into
account such variables as sex, the time of day the test was
given, and whether the subject was left or righthanded. It
tested people’s reflexes under three separate sets of condi-
tions: with the ruler dropping alone; with the drop accompa-
nied by the ringing of a door buzzer; and with the ruler
dropping as a light flashed.

The results gave powerful support to the theory. Major
differences were found when the drop was accompanied by a
flash of light. And both males and females with the darkest
iris color—medium brown—were faster than those with
lighter colored eyes.

The reason for the difference is still unknown. One the-
ory is that the increased pigmentation in darker eyes en-
hances the speed of neural messages from the eye to the
brain.

The genetic basis for eye color, then, might influence be-
havior indirectly, through its impact on the ability to react.
Clearly, people with faster reactions confront an environ-
ment that is slightly different from what it is for those with
slower reactions, just as someone who is color-blind perceives

Lo235



GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

a different environment from someone with full-color vision.
How these tiny alterations might affect behavior is as yet un-
known; the complex nature of behavior may mean that
countless variations are absorbed into the whole personality
without leaving much of a trace. But it might also mean that
the more important variations can cause significant shifts in
our behavior and our lifestyles. Certainly, eye color 1s not the
deciding factor in an athlete’s decision about what he or she
should be doing; there are capable brown-eyed pitchers and
blue-eyed batters all over professional baseball. But if it tips
the balance, if it makes a difference in the quality of an ath-
lete’s performance, it may be one of the elements that helps
determine profession, attitude, and the extent of one’s skills.

One major danger with these preliminary findings is the
possibility that they might be stretched too far. Defining an
athlete as “self-paced” simply because he has blue eyes is
forgetting the hundreds of other elements that may be more
important in his choice of profession. Looking at statistical
differences among IQs and extending them to predict differ-
ences among races ignores the impact of cultural and en-
vironmental factors, as well as the possibility that different
races may actually inherit different aspects of intelligence.
We have come a long way since the time when scientific
findings were accepted as gospel and related directly to
goings-on in society. But there are still times when scientific
evidence may look incontrovertible, may be used, and may
turn out to be false.

The Extra Y: A Criminal Chromosome?

On July 13, 1966, a tall loner with “Born To Raise Hell”
tattooed on his arm brutally murdered eight Chicago nurses
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in their residence. Soon after, Richard Speck was captured,
tried, and imprisoned. Journalists covering the case had a
field day. Several self-appointed genetic experts speculated
loosely about his genes. They noted his height and his crimi-
nal record and suggested that he might belong to a class of
criminals that had been discovered just the year before: a
group of unusually tall men who carried an extra Y chromo-
some in addition to the normal male set of XY sex chromo-
somes.

High rates of XYY carriers in mental-penal institutions
had been discovered in Edinburgh, Scotland. Subsequent
studies confirmed the initial findings: The incidence of XYY
chromosome carriers in the general population is about one
in a thousand; but in institutions, it was found to be about
two in a hundred. That difference was considered signifi-
cant. Scientists and journalists alike theorized that the ab-
normality was a marker for criminal behavior; several law-
yers tried to defend their XYY clients by pleading insanity
based solely on the presence of the extra Y.

Richard Speck turned out to have the normal comple-
ment of chromosomes, and the furor surrounding the jour-
nalists’ suspicions soon died out. But once questions about
the criminal tendencies of those with XYY chromosomes
had been raised, they had to be answered. In 1968, two Bos-
ton-based scientists, Stanley Walzer, a psychiatrist, and Park
Gerald, a geneticist, decided to survey all male offspring
born in Boston’s Children’s Hospital Medical Center, typing
them for their sex chromosomes and following those who
turned out to have more than the usual complement.

The project began quietly enough. But by 1973 it had
aroused a storm of controversy around the Boston area. In an
ideal world, the project might have been a fine bit of scien-
tific investigation; but in a world that had managed to tag
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carriers of XYY as holders of the legacy of Richard Speck, it
seemed dangerous.

Those who opposed the research raised serious questions
both about its value and about its impact on its young sub-
jects:

+ Had the devastating publicity given the XYY type
crippled the Walzer study even before it began because
of the “criminal™ label that would be applied to any-
one with the chromosomal abnormality?

» Did the scientists’ methodology, which involved in-
forming the parents of the abnormality, render the
study useless by changing parental behavior toward
the offspring and affecting the critical issue of the en-
vironment?

» Was the study endangering children who might other-
wise grow up to be normal, leading to a kind of self-
fulfilling prophecy?

There were no good answers to these questions. Clearly,
at least some people with the XYY type grew up to be ac-
ceptable members of society. And there was the chance that
the children might be adversely affected. Nevertheless, when
the question went before a board composed of members of
the Harvard University faculty, Walzer managed to con-
vince them that all necessary precautions had been taken;
the study was approved.

Soon after, the crisis deepened. The opponents of
Walzer’s research claimed that some members of the board
had been pressured into voting for the study. Walzer himself
claimed that his family had been threatened in anonymous
phone calls. Ultimately, citing the destructive effects of this
kind of pressure, he suspended his study.
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The demise of Walzer’s study did not mean that all in-
vestigations into the effects of the XYY genotype were
halted, however. Society still had an overriding interest in
the truth. If XYYs were, in fact, prone to committing ag-
gressive crimes, and did so out of all proportion to their
numbers in the general population, society had a stake in
knowing it and trying to respond to it, no matter what ethi-
cal and moral issues might be dredged up. And if the statis-
tics were wrong, XY Ys around the world were on the verge
of being unjustly harassed.

In 1976, a study performed in Denmark cleared up most
of the controversy. The investigators examined the chromo-
somes of thousands of tall Danes (since those with the abnor-
mality are, on the average, six inches taller than the general
population) so that they could study a group of XYYs cho-
sen from among ordinary citizens, rather than from among
inmates of an institution. Then they took case histories to
find out whether those in this sample had been convicted of
crimes, evaluated the types of crimes, and examined their
findings in the light of three possible explanations: that
XYYs were, in fact, more aggressive and antisocial than the
rest of the population; that the intellectual impairment
known to be brought on by the extra Y chromosome made
XYYs easier to catch; and that their added height made ag-
gression easier and caused others to perceive them as more
dangerous.

The findings went a long way to clearing the air. The
Danish group found that about 42 percent of the XYYs they
uncovered (five out of twelve) had criminal records, much
more than the 9 percent who turned up among the controls.
But except for one man who badly beat his wife while he was
drunk, the crimes were neither aggressive nor violent. And
some of the convictions were directly tied to crimes that
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someone with normal intelligence and impulses would never
have been caught doing. One man took to burglarizing
houses when the owners were around; another was arrested
for calling in a false alarm for a traffic accident.

The study concluded that the extra Y chromosome does
offer higher risk of antisocial behavior. But the risk is much
lower than was originally thought. And there is no evidence
that the added sex chromosome is tied to aggression. In fact,
XYYs in prison are now believed to be less aggressive than
their XY counterparts.

Animal Genes

As the controversies over both intelligence and the signif-
icance of the XYY genotype make clear, studies linking
genes and human behavior are particularly difficult to un-
dertake. The ethical constraints against experimenting with
human beings under laboratory conditions is one reason; the
fantastic range and richness of variation within our genetic
heritage is another. To compensate, researchers often count
on animal studies to provide analogies for the human condi-
tion. More often than not, they unearth amazing genetic
evidence.

Investigators have managed to breed mice that show a
preference for alcohol over water, or, for that matter, for
water over alcohol. There are rats that are genetically pre-
disposed to work harder to get alcohol, even when water is
freely available. Dogs can inherit a propensity for cowardice.
Guinea pigs have a genetic predisposition against elaborate
sexual foreplay. Numerous animals show inherited sensitivi-
ties to harsh sounds, cold, gravity, salt, and certain odors.

Sometimes it seems as if almost anything that a scientist
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wishes to discover will appear in the genes of one animal or
another. Geneticists have actually bred a rat that carries the
genetic tendency to kill mice, for instance. The “muricidal
rat,” as it is called, acts normally until a mouse appears in its
cage. Instantly, it turns ferocious; it pounces and tears the in-
truder apart. Mice may have similar “killer genes.” They are
normally good mothers; but they can be bred to rip huge
chunks of flesh from their offspring, not eating them, as
guinea pigs often do, but dismantling them, piece by piece.

The problem, however, is not in the scientific findings
themselves, but in how we interpret them as we decide what
1s relevant to humans and what is not. In each case, we have
to determine whether a study is applicable to man; whether
humans, too, might carry a gene or group of genes that pre-
disposes us to vicious murder or infanticide. Scientific studies
of the genetic basis for animal behavior are important; but
they must be looked at in the light of human genetic and en-
vironmental variation. Their real value lies in their ability to
direct our attention to what we should be looking for in peo-
ple and not necessarily in the discovery of a specific trait that
might happen to surface in a species of animal.

The differences between gene expression in laboratory
animals and human beings are profound. Animals in test sit-
uations have had both their environment and their genetic
composition carefully controlled for generations. When a sci-
entist searches for a single specific characteristic among
them, the research is like taking a blank wall and painting a
swath of red through its center; against the neutral back-
ground the scientist has carefully prepared, the red stands
out clearly. But human genes and environments offer a wall
swirled with color. That same bold shade of red may disap-
pear among the powerful patterns already there. And scien-
tists have neither the time nor the moral right to systemati-
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cally strip that wall down, color by color, to find out what 1s
in control.

Animal studies, then, function as metaphors for the
human condition. They must be accepted for what they are;
experiments that isolate genes in an environmental vacuum.
By themselves, they cannot tell us whether, or to what ex-
tent, similar traits exist in humans.

Nevertheless, the weight of evidence in both animal and
human studies points to the power of genes in behavior.
Does it necessarily follow that we will one day be able to
predict personality, intelligence, or potential areas of neuro-
sis all on the evidence provided by the genes? With the con-
stant shifting of factors, the interplay between genes and en-
vironment, probably not. But genetic markers will enable us
to predict tendencies. As the biochemical, genetic, and en-
vironmental foundations of behavior are unearthed, we will
certainly be able to predict an individual’s predispositions—
the likely occurrence of some general parameters of behav-
ior—given a specific set of circumstances. The fundamental
question that remains is: Is that really what we want to do?
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1. THE
PERILS
OF
PROPHECY

A new scientific truth does not triumph by convincing its
opponents and making them see the light, but rather be-
cause its opponents eventually die, and a new generation
grows up that is familiar with it. Max PLANCK

Each new power won by man is a power over man as well.
C. S. LEwis

he tiny farming village of Orchemenos in

Greece must have suffered heavily from ma-
laria throughout its history. That is probably why, by the
late 1960s, about a quarter of its entire population still car-
ried the sickle-cell trait, and one in one hundred of its babies
was born with sickle-cell anemia. In Orchemenos, the sickle-
cell gene had offered a practical trade-off: It killed about 1
percent of the population but allowed a substantially larger
group to resist a deadly disease.

When scientists learned of the high incidence of sickle-
cell anemia in Orchemenos, they recognized the dual oppor-
tunity it offered them. They could help the villagers avoid
marriages between carriers of the sickle-cell gene by institut-
ing a carefully regulated program of genetic screening and
counseling; at the same time, they could explore the effects of
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such a screening program on a homogeneous, controlled
population.

The customs of Orchemenos made the experiment even
more plausible. Over half the marriages in the villages were
arranged in a traditional fashion, between patriarchs of fam-
ilies. And the health of the two potential partners was a criti-
cal criterion in each arrangement. Identifying carriers of the
sickle-cell trait would add some new and important infor-
mation to the discussions. The scientists hoped that they
could convince the villagers to take their genotypes into ac-
count in their arrangements. If carriers of the sickle-cell trait
could be persuaded to marry people without the gene, the
village could be wiped clean of the sickle-cell disease.

Each villager underwent screening. The entire village
was counseled as to the meaning of the results. Then the sci-
entists left the village alone. Seven years later, they returned
to find out what had happened.

What they discovered was more or less a complete sur-
prise. As they had hoped, the villagers were including the
presence or absence of the sickle-cell trait in their discussions.
But despite the scientists’ attempts at education, those who
had been found to carry the trait were being squeezed out of
the mainstream; the rest of the population now considered
them “inferior’—even though there was little chance that
they would ever suffer from the effects of the gene they car-
ried. Those without the sickle-cell trait now tended to marry
among themselves. So did the carriers. The carriers’ isolation
was so pronounced that the number of marriages between
carriers was just as high as it had been before the screening
program had been instituted. The new knowledge had not
led to enlightenment; it had not reduced the incidence of
sickle-cell anemia in Orchemenos; it had not spawned a
community-wide effort to eradicate a tragic and fatal dis-
ease. Instead, it had become just another way for the villag-
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ers to classify one another. It had created a new and stigma-
tized social class.

Orchemenos is a tiny rural community in which every-
body knows everybody else’s business, a backwater awash in
tradition. When the soothing mist of ignorance that had sur-
rounded its view of sickle-cell anemia suddenly disappeared,
the community had nothing to fall back on for support. The
villagers could sit in their small counseling sessions and nod
as if they understood what they were being told. They could
even integrate the information into their way of life. But
without a firm foundation of prior understanding, they
could not fully accept the meaning of what they were being
told. The concept of inherited differences came to mean in-
herited deficiencies. And so they instinctively created a kind of
mythology around the meaning of the sickle-cell trait, a my-
thology that specifically contradicted all that the scientists
had told them. The careful program of screening and coun-
seling had somehow failed. It had done little to change the
balance of health and illness in Orchemenos. The village
proved unable to help itself. The availability of a genetic
marker left the inhabitants no better off than they had been
before.

Genetic prophecy is a powerful tool for the future. But it
is just that, a tool. It can expand the scope of our knowledge;
give us clues as to what lies ahead; help us map strategies
that offer better odds for healthier living. But it is not simply
a new machine or an innovative idea, a better, faster, more
efficient way of doing the kinds of things we have always
done. Genetic prophecy literally has the power to change the
way we live. It will introduce new priorities into some of the
most fundamental decisions we have to make—about the
profession we choose, where we live, whom we marry. It will,
in short, cut to the very core of our lives.

The experience of the village of Orchemenos illustrates
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what can happen when that kind of scientific power is let
loose on an unprepared community. It is just another in a
long list of examples of what can happen when we gain the
ability to do something and begin to use it before we under-
stand all the repercussions. We have learned, for instance,
that nuclear power can provide relatively inexpensive and
plentiful energy, but that it may place nearby communities
in serious jeopardy. We have discovered that the indiscrimi-
nate use of miracle drugs has actually triggered the evolution
of drug-resistant super germs. We have found that produc-
ing the space-age materials we count on so heavily places a
strain on natural resources and puts those in the relevant in-
dustries at increased risk for disease. In each case, we have
learned that important advances are not entirely beneficial.
They involve trade-offs, an exchange of enhanced risks for
their benefits. By now, we generally accept a basic rule that
seems to accompany almost every application of scientific
solutions to societal problems: the greater the opportunity
for benefits, the larger the potential for abuse.

Now we are facing an extraordinary revolution in our
way of providing health care. We are on the verge of a truer
understanding of the nature of disease. We are witnessing a
massive shift away from an emphasis on curing diseases after
they strike and toward preventing them before they occur.
Genetic prophecy is in the vanguard of this movement; and
it contains its share of risks.

The perils of prophecy do not come from the science it-
self; the act of taking a sample of blood or urine and analyz-
ing it for its components is quite safe as long as we under-
stand exactly what that analysis means. The real risks come
from applying the information, from the ways that genetic
prophecy can be misinterpreted and misused.

If we are not careful—if we look only at what prophecy
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can do for us, and not at what it might do t us—we may lose
track of the roles genetics has played in the past. If we ignore
the struggles that have occurred in Nazi Germany, the
eugenics movement, the racial history of the United States,
we will be guilty of exploring genetic prophecy in a vacuum,
of failing to take into account the social, ethical, political,
and moral dilemmas that influence the manipulation of
power every time science meets society. The effects of proph-
ecy are sure to be widespread. Unless we examine them be-
fore they can take hold, we are virtually guaranteeing that
abuses will occur.

To Screen or Not To Screen?

The concept of medical screening is not new. Centuries
ago, private physicians tested their wealthier patients for di-
abetes by tasting their urine to evaluate its sugar content.
Quarantines were placed on entire towns in which epidemics
were spreading. Today, everyone who applies for a marriage
license is screened for syphilis, and women routinely undergo
yearly PAP smears for signs of cervical cancer. Nevertheless,
screening has, for the most part, been limited to detecting
infectious diseases in their early stages and, during the past
decade, to some basic prenatal testing.

Genetic prophecy will break through these limitations.
Instead of identifying patients, it will locate potential pat-
ients; instead of screening for disease, it will search for suscep-
tibility to disease. Prophecy in full flower means that practi-
cally anyone will be able to learn of the diseases he is predis-
posed to contracting. The various screening programs will
affect everyone, even children not yet conceived (who can be
characterized through their parents’ genes). They will make
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it possible for people to order their lives around the impor-
tant questions of health and safety that apply specifically to
them, if they wish. They may, in the end, change the very
character of society.

Mass screening is the key to the future of genetic proph-
ecy. It is based on two technological breakthroughs: the de-
velopment of computerized testing procedures that will en-
able us to take a sample of blood or urine and analyze it for
literally hundreds of different components; and our ability to
identify genes directly by using the new techniques of bio-
technology. Through mass screening, physicians will be able
to test entire populations for a few dollars per person. Pre-
dictions that are now offered on the basis of relatively few
experimental returns will be based on results found among
literally millions of people from different racial, geographi-
cal, and ethnic groups. The art of prediction will be refined
to the point where an individual’s identification with various
groups, along with the genes that he carries, will pinpoint
the risks he faces from specific environmental conditions.

The potential of mass screening was obvious from the
very beginning. Within months after the first primitive test
for diagnosing phenylketonuria (PKU—one cause of mental
retardation) was developed in 1963, the state of Massachu-
setts had passed a law that required that all newborn babies
be tested for the disease. Within a decade, 42 other states
had drawn up similar legislation. Together, they created a
legal patchwork, an ill-advised outpouring of solutions that
ignored the potential problems of screening programs as
they pushed society toward what some considered genetic
salvation. Some states provided funds for treatment pro-
grams; others did not. Some offered counseling; others sim-
ply told the parents of the test results. Few seemed to recog-
nize that screening for genetic diseases presented different
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problems from screening for infectious diseases. And some
legislators did not even realize that PKU was a genetic dis-
ease.

After the first wave of legislation had passed, critics of the
programs began to take stock. The test that had been devel-
oped turned out to be less accurate than people had believed
and was giving 19 false positive results for every real case of
PKU it uncovered. As a result, some infants were being
placed on highly restricted diets that actually caused them
harm. The disease is also restricted mainly to people of Euro-
pean origin. The District of Columbia spent three years and
over $100,000 without turning up a single case of PKU in its
largely black population; in 1971 its screening program was
suspended. Finally, the treatment that many assumed could
cure those with the disease turned out to be imperfect; al-
though children with PKU who were treated were vastly
improved over those who were not, their IQ scores remained
slightly lower than those of the general population. They
could not be completely protected.

Nevertheless, even though most observers criticized the
lack of planning and foresight that had gone into the various
PKU screening programs, the general consensus supported
the principle of screening. PKU was a clear-cut disease. It
could be treated if it were diagnosed early enough. Gradu-
ally, the screening process was improved; some of the laws
were modified; and every state that had begun a screening
program in the wild optimism of the 1960s continued it in
some form,

Unfortunately, the lessons of the PKU experience had
not sunk in before the second round of screening began in
1971. And this time, the benefits were not nearly as obvious.
The disease in question was sickle-cell anemia. The mass
screening programs were designed to identify not only those
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who had the disease—a problem for which there was (and
still is) no cure—but also those who were merely carriers of
the sickle-cell trait. In the minds of both the public and vari-
ous legislatures, the group at risk was the entire black popu-
lation, a group that had had its fill of being isolated during
American history.

The movement toward sickle-cell screening was actually
triggered by black militants who, in the late 1960s, con-
tended that the neglect of the sickle-cell problem by the fed-
eral government was a direct result of discrimination and
racism. Their voices found the sensitive ears of politicians
tuning up for the general election of 1972. President Richard
Nixon responded by requesting massive funding for sickle-
cell research and focused national attention on the problem.

Many states took Nixon at his word. Again, Massachu-
setts became the first state (of thirteen) to draft a mandatory
screening law. It also declared the sickle-cell trait a disease,
ignoring years of medical opinion that had found sickle-cell
carriers to be at risk only under specific and relatively un-
common environmental conditions. The City Council of the
District of Columbia decided that sickle-cell anemia was a
communicable disease, a characterization that is technically
correct but that enabled others to confuse the passing of
genes from parent to child with the passing of infection from
person to person. In all, about 30 states began the process of
legislating screening programs for sickle-cell. And those who
made their programs mandatory required blacks—and only
blacks—to undergo screening either before they entered the
public school system or when they applied for marriage li-
censes.

The differences between screening for PKU and for
sickle-cell disease were enormous. Basically, people who dis-
covered that their children were threatened with severe

[ 256 ]



The Perils of Prophecy

brain damage by PKU had options; the disease could be
spotted before it caused problems and could be treated. Peo-
ple who were identified as having sickle-cell had little they
could do with the information. There was then no scientific
test that distinguished between those who were merely car-
riers and those who actually had the disease. There was no
prenatal test that could tell whether unborn children had
the disease. There was also no cure. The only value of the
screening process was to alert healthy people—those who
carried only one copy of the sickle-cell gene—to the risks
their children would face if they mated with another carrier.
And the only option they had available to them was to
choose marital partners on the basis of a laboratory test.

Perhaps the sickle-cell screening program would have
been beneficial to the community had the states placed em-
phasis on counseling, on taking care to teach blacks exactly
what the test results implied. But that was an aspect of
screening that most state laws ignored.

Curiously, at almost the same time, another identifiable
group was undergoing screening, and almost without contro-
versy. Many Ashkenazy Jews carry a particularly deadly
trait: the gene for Tay-Sachs. Tay-Sachs is a recessive disease
that leaves carriers unharmed but destroys the nervous sys-
tem of those who inherit two such genes, inevitably killing
them within the first few years of life. One in thirty Ashken-
azy Jews carries the gene; the odds of two of them marrying
are one in 900; and the odds of any one of their children get-
ting Tay-Sachs are one in four. The chance, then, for any
one member of the community coming down with Tay-
Sachs 1s about one in 3,600.

Fortunately, Tay-Sachs carriers can be identified; a pre-
natal test exists that can tell if their children have the dis-
ease. In the early 1970s, many Jewish communities set up
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voluntary screening programs so that Tay-Sachs fetuses
could be found and aborted before birth. The program
worked beautifully for several reasons: the test is accurate
and reliable; the disease is terrible enough to erase most peo-
ple’s doubts about the morality of abortion; the programs
stressed community involvement; and most Jews were well
educated in the nature of Tay-Sachs. The screening program
took the fear out of giving birth for many couples. By pre-
venting the births of several hundred Tay-Sachs babies, it
probably also encouraged the births of hundreds of normal
children, children who might not have been conceived either
because a couple had already had a Tay-Sachs baby or be-
cause they feared that possibility.

The differences between sickle-cell screening and screen-
ing for PKU and Tay-Sachs were lost on very few. Critics
who had toned down their disapproval of the PKU program
because of its obvious benefits went after sickle-cell legisla-
tion with a vengeance. While many acknowledged that the
programs meant well, few were willing to let them stand
without meaningful revisions:

* Most laws that had been enacted did not even begin to
protect the confidentiality that is the right of all pa-
tients. In some instances, the records of those who had
undergone screening were available to practically any-
one who wanted to see them.

+ The failure of most laws to provide comprehensive ge-
netic counseling meant that those who discovered they
were carriers had no way of finding out what that en-
tailed. As a result, many began to shoulder a burden of
guilt, a sense of genetic inferiority, a belief that the
presence of the single sickle-cell gene somehow made
them defective.
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* The information offered by the screening test was
clearly not helping those identified as carriers. On the
contrary, they were being harassed—subjected to
higher insurance rates and discriminatory hiring prac-
tices, all because of their ties to a disease that they sim-
ply did not have.

It was then that mass genetic screening approached the
first crossroad of its short, turbulent career. The criticisms
had to be answered. Those who had the power to do so—
professional advisory groups and legislative bodies, for the
most part—were confronted with two clear choices: Either
they could modify the screening programs to protect those
being screened from the potential for abuse; or they could
allow things to continue largely as they had, instituting pro-
grams for other diseases without regard for the risks that
they might offer.

The Abuse of Power

Imagine the possibilities: An executive on the rise is in-
vited to lunch with his company’s chairman. There he is
given the bad news: He is considered a terrific worker, a
bright and imaginative leader. But his medical records show
him to be at risk for heart disease. Because the company
cannot take the chance that he will die young, he will not be
considered for promotion. The chairman is sorry, but other
people with excellent qualifications are available. And they
don’t carry the baggage of high risk.

The Congressman from an important industrial state has
decided to run for higher office. He is forceful and articulate,
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well liked in his district, and the senior Senator is about to
retire. The day before he declares his intentions, he receives
an anonymous telephone call. His medical files have been ri-
fled. The opposition has discovered that he carries a gene
that predisposes him to manic depression. If he announces
that he will run for the Senate, that information will become
public knowledge. The Congressman decides not to run.

A couple decides to have a baby. They discuss it with
their family physician. He tells them that their particular ge-
netic patterns make it likely that they will have a child who
will indulge in a life of crime, without a chance of finishing
school, with a high probability of mental or physical defects
that will cause it to die prematurely. The odds are one in
three, high enough so that they are denied the opportunity,
by law, to take the chance. He is sorry but there is nothing he
can do.

Knowledge is power. In genetic prophecy, it offers
choices where none existed before. But power can be abused
as easily as it is used. When a single sample of blood or urine
divulges information not only about someone’s physical
susceptibilities but about his or her propensity for psycholog-
ical problems as well, it becomes a choice piece of carrion for
the vultures and hyenas of the world. It is, in fact, a scientific
advance that offers access to the explosive medical secrets of
whoever is screened. One paradox looms large: By seeming
to give each person more control over his or her destiny, ge-
netic prophecy creates the possibility that some other group
will use the knowledge to take that control away.

Part of the power of prophecy stems from its presentation
of difficult value judgments. When an individual makes his
own choices—in deciding, for instance, to continue smoking
in the face of overwhelming odds that he will contract lung
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cancer—these judgments may be acceptable. But when the
choices are made by others—by an employer, an insurance
company, another member of his family, the government—
serious problems arise. Knowing about someone’s predispo-
sition to a mental disorder is only a short step away from
using that knowledge prematurely or dangerously. With
widespread genetic screening, we may find ourselves faced
with a Big Brother who works to direct each individual’s fu-
ture by tapping in to his genetic fate whenever he sees fit.

The possibility that this could happen is not as remote as
it might at first seem. Medicine has long been used as a ratio-
nale for political ends. In the Soviet Union, political de-
viants are routinely turned over to physicians for confine-
ment and treatment for “mental” disorders. And in the
United States in 1964, nearly a thousand physicians signed a
statement pronouncing the Republican candidate for Presi-
dent, Senator Barry Goldwater, “unfit” for the job he was
seeking in an assessment that had nothing to do with the
Senator’s state of health. Genetic prophecy multiplies the
potential for these kinds of abuses.

Fortunately, obvious abuses often have obvious solutions.
In December, 1971, a group of geneticists and ethicists led by
Marc Lappé of the Institute of Society, Ethics and the Life
Sciences in Hastings-on-Hudson, New York, met to discuss
possible solutions to the problems raised by both the PKU
and the sickle-cell screening programs. They drafted a set of
guidelines that would effectively curtail most institutional
abuses that might arise.

The group’s guidelines dealt principally with the issue of
personal rights and freedom. They called for voluntary par-
ticipation in screening programs; the informed consent of the
person being screened; free access by the participant to the
information gathered; extensive counseling programs that
would offer insight into the meaning of the test results—and
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that would avoid recommending specific courses of action;
counseling and informed consent for any treatment pro-
grams that the results of the screening might call for; abso-
lute secrecy surrounding the information gathered, similar to
the doctor-patient confidentiality that is the core of most
medical relationships; and education as one of the primary
goals of any screening program.

The guidelines of Lappé’s Genetic Research Group were
published in the New England Journal of Medicine. They were
quickly adopted into the National Sickle Cell Anemia Con-
trol Act of 1972 and the National Genetic Disease Act in
1976—laws that brought the federal government into the
fray. The National Sickle Cell Anemia Control Act author-
1zed $80 million for the development of programs that in-
cluded screening, counseling, and public education; the law
required that the tests be voluntary and confidential, with
substantial community involvement. The National Genetic
Disease Act widened the law to include other genetic prob-
lems. It also made federal aid available only to those states
that enacted purely voluntary programs.

Maryland and California incorporated the Genetic Re-
search Group’s guidelines into their own laws. Maryland
went even further, setting up a sixteen-member commission
composed mostly of laymen to regulate the state’s own
screening programs. Other states were less willing to comply;
the Maryland safeguards raise the costs of screening pro-
grams substantially.

The new laws have resulted in an enormous increase in
federal and state support of mass screening programs, espe-
cially for prenatal and newborn babies. At least a fifth of all
states can now screen infants for a variety of genetic diseases
in addition to PKU. At least 40 percent provide some ge-
netic counseling (although Virginia’s contribution is limited
to covering the expenses of one nurse, Arkansas manages to
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get by with paying half the salary of a medical geneticist,
and Wisconsin budgets enough for one genetic social
worker). Most states make provisions to preserve the confi-
dentiality of genetic information.

Safeguards like these will help limit the blatant abuses of
genetic prophecy by making it difficult for governments, em-
ployers, insurance concerns, and other interested parties to
break the seal of secrecy surrounding any one person’s ge-
netic heritage. Still, other abuses may occur. Insurance com-
panies and employers, for instance, could extend their man-
datory physical examinations to include genetic screening;
for the risk of illness is the whole point of these testing pro-
grams. Insurance rates are already almost entirely governed
by an assessment of risk; the lower rates for safe drivers and
nonsmokers are based on statistical evidence that these peo-
ple are better insurance risks (although monitoring the truth
of someone’s claim that he or she does not smoke may be
next to impossible). Genetic prophecy offers perhaps the best
way of assessing the chances of someone remaining healthy
in the future.

Already, the prospect of more accurate prophecy is mak-
ing some people take notice. The State of Michigan has
passed a law that requires that everybody be offered the
same insurance rates, no matter what the risk, a move to a
kind of socialized insurance plan. And the Standard As-
bestos Manufacturing and Insulating Company is suing cig-
arette manufacturers for the high cost of its insurance, point-
ing out that a worker who smokes is one hundred times as
likely to contract asbestosis than one who doesn’t and claim-
ing that it is not the company’s responsibility to assume the
cost of the additional risk.

On the other side of the coin, an editorial in the Medical
World News of May 18, 1979, supported a bill introduced by
Senator John Danforth of Missouri that proposed that cata-
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strophic health insurance be paid for by raising the federal
tax on cigarettes. Perhaps programs for alcohol abuse should
be supported by an added tax on liquor and car-safety re-
search by a higher penalty for speeders. Today, the editorial
noted, nobody pays fully for his or her medical care; the
burden is shared by government, employer, and other tax-
payers: “Illness nowadays is a social event, a social expense.
This means people who try to take care of themselves are
subsidizing the big medical bills run up by reckless drivers,
heavy smokers, big eaters, and other immoderates. It’s about
time to bring the cost of such foolhardy habits home to
roost.” In other words, if someone knows that he is at risk
and persists in taking chances, why should society be forced
to foot the bills?

As safeguards against some abuses are instituted and dis-
cussions about others continue, the likelihood that mass ge-
netic screening will suffer blatant misuse becomes more re-
mote. Yet many questions remain unanswered: some tests
falsely identify healthy people as potentially ill, and those at
risk as normal, far too often; others provide information that
we can do nothing about; still other tests exist for diseases
that are so rare that screening huge populations for the one
person in forty thousand with the syndrome is not economi-
cally feasible. Nevertheless, the principle of mass screening is
well established. Its potential benefits cannot be ignored. Its
use 1s practically inevitable. And that is the framework
within which other problems should be discussed.

Stereotypes and Stigmas

The confidentiality that is so vital to a safe screening
program protects the identities of those being tested. But it
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does not preclude researchers from using the general results
of the tests to reach valuable conclusions about entire popu-
lations. If those in charge of the PKU screening program in
the District of Columbia had agreed to shred the results of
each test after informing the individual involved, they might
not have discovered how useless their testing was, given the
racial composition of the District’s population. They might
have continued to pour money into a program that had vir-
tually no chance of offering a return on their investment.

The more we learn about genetically distinct groups, the
better we are able to characterize them, to recognize which
genetic traits they tend to carry. Dividing populations on the
basis of their genetic heritages can be helpful. We can begin
to tailor screening programs to meet a particular group’s
unique requirements, enhance the programs’ effectiveness
and reduce their costs by concentrating them where that can
do the most good—we can even suggest changes in the way
some groups live, so that they can take advantage of their ge-
netic strengths. But the danger of misinterpretation still
exists.

Because of it, many people are against the very idea of
genetic research, contending that as we discover the power of
the genes, we are providing fuel for morally insupportable
and politically dangerous points of view. Other critics sug-
gest that we preserve our ignorance of the relationship be-
tween genes and our fates so that we can sustain our faith in
the concept of free will. The argument has its attractions.
But it is reminiscent of a debate that Abraham Lincoln once
had with his generals. When he could not convince them of
the facts he presented, he asked them: “How many legs does
a sheep have, if you count the tail as a leg?” Five, they an-
swered. “Sorry,” said Lincoln. “Counting a tail as a leg does
not make it one.”

[ 259 ]



GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

Biologically, we are not created equal. There is nothing
fair about heredity. The genes we receive are not parceled
out by political doctrine or law. One population may be su-
perior or inferior to another for just about any genetic trait
that we manage to measure, even though, on balance, they
may all turn out to be roughly comparable. And individuals
within groups vary considerably, depending on their en-
vironmental backgrounds and the influence of specific genes.

Perhaps the best example of this comes from the most ob-
vious genetic difference between two populations: sex. No-
body denies that men are, on the average, physically
stronger than women. Nobody disagrees that while strength
is a complex trait, it is powerfully influenced by genes. There
are individual women who are stronger than many men and
individual men who are weaker than most women. But men
are generally stronger than women; and the difference has
little to do with the environment.

Nevertheless, to create a stereotype of male superiority on
the basis of this difference would be a mistake. The genes ac-
tually provide compensation for the smaller muscles and
frame of the female physique. In the world of gymnastics, for
instance, the various events emphasize the characteristics in
which each sex excels. The men’s events—the parallel bars,
rings, side horse—place a premium on strength and agility.
The women’s—balance beam, uneven parallel bars—de-
mand grace, balance, and flexibility. Even the events that
the two sexes perform in common, the vault and floor exer-
cise, are approached and evaluated differently, according to
sex. In gymnastics, at least, value judgments about the rela-

tive merits of the physical prowess of each sex are meaning-
less.

In health, the differences are even more astonishing. By
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now there is general medical agreement that women have a
decided advantage over men in fighting disease. The differ-
ence exists from the moment of conception until puberty.
Males are spontaneously aborted more frequently, are more
susceptible to bacterial and viral infections, and have lower
survival rates for chronic diseases such as leukemia than fe-
males.

The reasons for this disparity are probably rooted in the
genes. One theory holds that because a woman carries two X
chromosomes while a man carries only one, and because
many of the genes that program the immune system are lo-
cated on the X chromosome, she may produce more of these
immunological weapons than he. If one of her X chromo-
somes happens to be defective, the other can take up the
slack; he has only one shot at good health.

Does this mean that women are genetically superior to
men in terms of health? Not at all. In fact, the genes provide
their own compensatory mechanism to make up for the male
deficiency. While men might be more prone to illness and
more susceptible to defects of the X chromosome, sperm car-
rying the male Y chromosome manage to fertilize about 120
ova for every 100 fertilized by sperm carrying the female X
chromosome. And while more male embryos and fetuses are
aborted spontaneously, there are still 105 males born for
every 100 females. Because boys remain more susceptible to
disease than girls during early childhood, the ratio of male to
female finally evens out around puberty. Thereafter, the dif-
ferences in life spans between men and women are due pri-
marily to environmental factors. Even now, men drink more,
smoke more, and are more prone to automobile and indus-
trial accidents than women.

In an ideal world, there would be no question as to how
we might use this kind of information. The value of genetic

T



GENETIC PROPHECY: BEYOND THE DOUBLE HELIX

prophecy lies in its ability to help us avoid disease and not in
1ts questionable links to value judgments. We would recog-
nize the importance of the genes as a predictive tool and act
accordingly.

But this is not an ideal world. The danger of stretching
genetic information to support social goals exists. When we
see a child who has Down’s syndrome, we tend to classify the
child as “a mongoloid”—in other words, as subhuman.
When we learn that someone’s genes have expressed them-
selves in an unhealthy way, we often blame the victim. And
when we discuss ways to deal with an unhealthy work en-
vironment, we divide into two extreme points of view: one
which places full responsibility on industry to make its pro-
cesses safe for all workers (something that is often technically
and financially impossible); and one which views the suscep-
tible worker as the hazard, because, if he or she isn’t around,
the environment becomes “safe.”

In industry, we must search for a balance that will ensure
a safe environment for as many workers as possible, while
making sure that workers who are at greatest risk either find
another job or accept the responsibility for the illness to
which they are predisposed. Stigmatizing individuals and
groups because of inherited characteristics is rooted in a mis-
understanding of the meaning and role of genetics. It is a
problem that must be overcome if genetic prophecy is to
reach its full potential.

Coping with the Genetic Burden
In 1973, Michael Swift of the University of North Caro-

lina was studying the incidence of cancer among relatives of
people with ataxia telangiectasia (AT), a rare and often fatal
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disease. He knew that AT predisposed its victims to an ex-
tremely high risk of cancer. But he found that their relatives
also had a higher risk: They were more than five times as
likely as the general population to die of cancer by age 45.

Swift’s main focus was on the parents of AT victims.
Since AT is a recessive genetic disease (which requires that
those who contract it carry two AT genes), it stood to reason
that each parent of an AT victim was an AT carrier. It be-
came clear, in fact, that those relatives who were at greater
risk for cancer carried one AT gene, even though no test yet
exists to positively identify people who have that gene.

Swift was not studying some esoteric phenomenon.
While AT itself might be rare, estimates have placed the
number of single-gene carriers in the United States at about
1 percent of the population, or about two million people.
Because the gene has been linked to eight common cancers
—leukemia, gastric cancer, and cancers of the breast,
ovaries, colon, cervix, gallbladder, and lymph nodes—it was
possible that people with the AT gene could account for
many of the early cancer deaths in this country.

Swift considered the problems involved in telling the 40
parents of the patients he studied about his results. But he
realized he had little choice. He had promised to discuss his
findings with them; and he felt that if he could warn them of
their propensity for cancer, perhaps they and their physi-
cians would be on the alert for the early signs that could en-
hance their chances for a cure. He knew that he would be
giving them some terrible news. But if he presented it cor-
rectly, if he counseled them, keeping in mind both the facts
of the situation and their probable reaction, Swift thought
that the information he had to offer would prove beneficial.

One by one, Swift saw the parents of the AT victims,
taking care to deal with them in person. He carefully out-
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lined the situation, telling them that the odds of their other
children carrying one AT gene stood at about two in three,
and allowing them to make the decision as to whether or not
their own relatives, who could not be confirmed or rejected
as AT carriers, should be told. Then he promised to stay in
touch with them to answer their questions.

Over the years, Swift’s prophecy proved true. The par-
ents he talked to showed an unusually high incidence of
cancer. But, the information he had given them seemed to
help. Many informed their family physicians and began to
submit to regular physical check-ups; one woman was alert
enough to bring her doctor’s attention to what turned out to
be a premalignant tumor of the uterus.

Michael Swift’s work cuts to the heart of another contro-
versy surrounding genetic screening. Some investigators con-
tend that the burden of knowing that you are predisposed to
a particular disease is debilitating, and that learning that
your child’s disability is genetic (and has been given directly
to him by you) causes immense psychological pain. Some
surveys have indicated that this is true. A study in England
around 1970 implied that divorces among couples who un-
derwent genetic screening and counseling were three times
that of the general population. Other surveys have found
that people tend to act out the role of the population of Or-
chemenos, misinterpreting information that they are given
to the point that some people leave a counseling session con-
vinced that they are susceptible to a disease when the coun-
selor has told them specifically that they are not. And still
other reseachers have found that people who discover they
are carriers of genetic traits that may cause illness in them or
their children develop a powerful sense of self-hatred and
contempt. Perhaps it is because they view the disease as part
of their very fiber, a parasitic slice of themselves.
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But Michael Swift’s study indicates that this may be true
only when the counseling is hurried or careless or insensitive
to the personality of the individual being counseled. As we
now know, genes by themselves do not cause disease; they
require an environmental situation which makes that disease
possible. So while genetic problems may seem overwhelming
to some people, their attitudes usually stem from inadequate
genetic education, an inability on the part of the counselor
to explain the sitution fully and carefully, a terrible misin-
terpretation of the facts, or a need to override what they are
being taught. With the right kind of education and counsel-
ing, they tend to respond as we would expect them to: con-
structively, actively, in defense of their health.

The idea that genetic screening will dehumanize medi-
cine, depriving people of the care and protection of their
personal physicians is, in this light, absurd. Mass screening
does relieve the physician of the task of performing some pri-
mary diagnostic functions; it offers an impersonal, impartial
evaluation that naturally lacks the warmth of a bedside
manner.

But that only means that the physician’s role in medicine
will begin to change. Because he will pay more attention to
counseling his patients about the results of their screening
tests, he will still be involved, but as one who helps prevent
disease, rather than one who is merely called in to cure it. As
Michael Swift pointed out after he accepted the part-time
role of counselor: “Hurrying through the process of genetic
counseling can cause as many problems as it solves. Counsel-
ing requires both time and a firm rapport with the patient. It
is a combination of scientific knowledge and humane skills.”

The personal side of medicine—the relationship between
a doctor and his patients—will not disappear. It will simply
undergo a metamorphosis. The physician who acts as a mys-
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tical healer today will impart knowledge and understanding
tomorrow. And that is what medicine should be all about.

The Price of Success

Clearly, the most important element in avoiding the
perils of prophecy is education. Both physicians and laymen
have to begin to think genetically and to recognize both the
power and the limitations of the genes’ influence on our
lives.

But are we ready to do so? Some people think that we are
not.
In 1974, Edwin Naylor of the State University of New
York at Buffalo decided to find out just how knowledgeable
physicians and family planning professionals were about the
basic facts of genetics. He chose two groups: the membership
of a professional society of obstetricians and gynecologists in
Pittsburgh, Pennsylvania, and the staff of a Family Planning
Council that received its funding from the Department of
Health, Education and Welfare. Both groups were deeply
involved in counseling people who want family planning in-
formation. Naylor reasoned that they should be among the
most informed professionals in their field.

The survey consisted mainly of seven questions designed
to measure knowledge of basic genetic principles. The survey
asked:

1. What is the basic unit of heredity?

2. What do you feel mental retardation is primarily due
to?

3. What is sickle-cell anemia the result of?

4. What is Down’s syndrome the result of?
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5. At what age does a woman have the greatest risk of
having a Down’s syndrome child?

6. Which condition cannot be detected by prenatal
diagnosis?

7. What is the recurrence risk of PKU [the risk that the
other children of two PKU carriers will also contact
the disease]?*

The test was multiple choice. The results were astonish-
Ing.

Over 20 percent of the physicians and nearly 50 percent
of the family planning professionals did not know that the
basic unit of heredity is the gene, or, for that matter, that
Down’s syndrome is caused by a chromosomal abnormality.
Nobody in either group answered all seven questions cor-
rectly. The mean score among physicians was about 4% cor-
rect answers, among the family planning professionals less
than 3%. The questions both groups most often answered
correctly concerned the age of women who have the greatest
risk of giving birth to a baby with Down’s syndrome and the
cause of sickle-cell anemia, mainly because both groups were
most familiar with screening programs for those two prob-
lems.

Most of the physicians had completed their formal medi-
cal education more than 20 years before, about the time
Crick and Watson were unveiling the structure of
DNA. But they had not managed to pick up genetic infor-
mation in the continuing education courses that many phy-
sicians take to stay up to date with the latest advances. In
1974 in the Pittsburgh area, knowledge about genetics was

* Answers; 1. The gene. 2. Combination of heredity and environment. 3.
Inherited hemoglobin defect. 4. Chromosome aberration. 5. 40 years
and over. 6. Sickle-cell anemia. 7. 25 percent.
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distressingly poor. Other groups in other areas were not
tested, but their performances would probably have been no
better.

Not surprisingly, the deficit does not show up in research
circles, where investigators are running hot on the trails of
countless genetic clues. It appears mainly among practicing
physicians and professionals in public health, those most ac-
tively involved in dispensing medical services. Those who
practice medicine the most understand genetics the least.
And the schools from which they graduate hold to the equa-
tion: Schools that emphasize research teach genetics; schools
primarily devoted to turning out practitioners often do not.
A decade or so ago, that might have made sense, since the
genes rarely seemed important in clinical settings. Doctors
had too much to learn anyway; why burden them with ex-
traneous information?

But now the balance of that equation is changing. More
medical schools are requiring that students learn genetic
principles and practices. Research is finding its way into the
examining room. The press has caught the genetics bug and
is putting it on the front page almost daily. And those who
persist in viewing genetics as an esoteric science of molecules
and fruit flies are being squeezed out of the mainstream of
their profession.

Genetic education is reaching the public as well. Such
groups as the Biological Sciences Study Curriculum have
pointed out that most people have only one chance to pick
up the basic principles of genetics in an organized fashion.
They are writing new textbooks and designing new courses
so that high schools can dump the earthworms and frogs of
old for the more relevant, more practical problems of human
genetics, human problems, human disease. The change is
gradual, but it is picking up speed. Genetics is leaving the
laboratory and hitting the streets.
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And just in time. For the stigmas and stereotypes that
grew out of the XYY and sickle-cell screening programs have
not disappeared. The guilt and sense of failure felt by people
who are told they are carriers for potentially dangerous ge-
netic traits crop up constantly. The horror of being informed
that they cannot count on producing healthy children—and
the feelings of inferiority that it causes—still strikes many
prospective parents. Unless counseling and education can
instill a true understanding of what the results of prophecy
mean, we will find ourselves creating a mythology around
the impact of the genes, a sense of good and bad that paral-
lels the medical stigmas that once sprung up around cancer,
tuberculosis, and other diseases. Unless we begin to counter-
act ignorance now, we will face its consequences in the
future.

Massive education may be difficult, but it is not impossi-
ble. Before 1957, public understanding of the potential of
space flight seemed as remote as a trip to the moon. Within
months after the Soviet Union launched Sputnik, however,
the American educational system began to gear up to meet
the challenge. Interest in the physical sciences and engi-
neering soared. By 1960, the average citizen knew the names
of the first seven astronauts as well as he did his own. Over-
night, our attitudes changed. The injection of a political re-
ality into our lives launched a revolution in education.

Genetics is on the verge of offering us a similar jolt. And
while the revolution is more gradual, the trend is just as cer-
tain. Steeping the public in genetic lore will not negate all
the perils of prophecy; but it will alleviate many. Conceiving
of genetic variation as inherently threatening, instead of as a
natural product of evolution linked inextricably to changes
in environment, is largely caused by a lack of knowledge and
understanding. Eradicating ignorance is one way of relieving
that genetic burden.
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Of Rocks and Hard Places

The new genetic knowledge offers us a new set of reme-
dies. Some of them pose the most difficult ethical questions
we, as a species, have ever had to answer.

The issue of abortion is already explosive. Genetic proph-
ecy promises to make the situation even more unstable, by
making it possible to characterize the health and the genetic
potential of the fetus, through amniocentesis (the analysis of
the components of the amniotic fluid in which the baby
floats), and even through a blood test of the fetus itself, a
procedure that is still experimental.

When the testing reveals a healthy child, it can relieve
the parents of a small burden of fear. It replaces the time-
honored line of obstetricians when they are asked if the child
they have just delivered is normal: “It has five fingers on
each hand and five toes on each foot.”

But when prenatal testing reveals a child with abnormal-
ities, tougher choices emerge. Aborting a child who has a
disease as deadly as Tay-Sachs or who has physical defects
that make life practically impossible poses a clear-cut choice
for most people. Aborting a child with Down’s syndrome,
which may not threaten life but makes an abnormal exis-
tence inevitable, is slightly more troublesome. Aborting a
child with the two genes of sickle-cell disease, which is almost
always debilitating but occasionally leaves a child practi-
cally unaffected, is more difficult still. But what about a
child who carries the gene for Huntington’s disease, which
inevitably strikes around the age of 40 but has no adverse ef-
fects on life until then, and may even be treatable by the
time that child reaches the crucial age? What of a child who
has a predisposition to cancer, but who may live a healthy,
long life if the narrow range of environments within which
he or she is safe is carefully maintained? What about a child
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predisposed to manic depression? Or a slightly lower intelli-
gence? Or obesity?

What, in short, constitutes normality?

When genes are as accessible as items on the supermarket
shelf, when parents-to-be can choose or reject a child the way
they decide on a style of furniture, how will we respond to
our new responsibilities? Today, we have few answers. Am-
niocentesis discloses the unborn baby’s sex, and there have
been rare instances of couples deciding to abort a child of
one sex (usually female) because they wanted a child of the
other (usually male). But the overwhelming majority seems
prepared to accept either possibility.

Sex, at least, is not a trait that drives most people to the
brink of difficult genetic decisions. But other traits might.
There is always the chance that physicians, counselors, even
governments may bring subtle pressures to bear on women
who are carrying children with characteristics considered
defective. That it might happen in the case of problems like
sickle-cell anemia is bad enough. But what if the pressures
influence a mother to abort a child with traits that happen
to have fallen out of favor? Are we then on the verge of
creating a new eugenics movement, dedicated to wiping out
examples of “inferior” breeding in an attempt to protect so-
ciety?

If we remember the misguided efforts of past eugenics
movements, chances are that we will avoid that particular
problem. In the past, at least, such movements seem to have
run into difficulties in deciding exactly what an inferior trait
is. As James Bowman has noted:

Epileptics Dostoevsky and Julius Caesar, drug users Poe and
Rimbaud, psychotics Newton and Van Gogh, blind Milton,
deaf and son-of-an-alcoholic Beethoven, crippled Kaiser Wil-
helm II and Byron, pauper Mozart, tubercular Schubert, Cho-
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pin and Robert Louis Stevenson, syphilitic and leprous Gau-
guin, deformed Toulouse-Lautrec and many others would
have been classified among the undesirables according to the
1925 Eugenics Society.

As long as abortion for any reason is legal until well into
the second trimester of pregnancy, we will have to accept the
personal ethics of the parents-to-be as the criteria upon
which the decision to abort are based. In some cases, the de-
cision may be more than they can stand: What would you
do, for instance, if you were carrying twins and learned that
one was severely defective while the other was fine? Selective
abortion for only one twin does not yet exist. Would you take
the life of the healthy child to spare your family, society, and
the abnormal child itself the burden of the defect? Or would
you give birth to both, accepting the difficulties of the defec-
tive child for the sake of the life of the healthy one?

Beyond the terrible choices of abortion lie the problems
of screening the living. Genetic prophecy will undoubtedly
increase the amount of information we have that we can do
nothing about. Some people contend that screening carries
with it the right of the patient to know the results and the re-
sponsibility of the tester to inform. That may seem rational
enough. But if a predictive test were developed for Hunting-
ton’s disease, how would we use it? Every child of a parent
with Huntington’s has a 50 percent chance of coming down
with the disease, depending on whether or not he or she in-
herits the gene. It would be easy enough to inform those who
did not inherit the gene; by doing so, we could ease the fear
and uncertainty of an unknown genetic burden. But what of
those who carry it? Knowing that they are doomed to suffer
neurological decline and death soon after the age of 40 must
have an inevitable impact on their lives. Some may respond
well to the information, others poorly. Some may decide to
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take the chance of having children, others may go childless.
The usefulness of the knowledge depends upon very personal
factors. How do we distinguish among those whom it would
help and those whom it would hurt?

These are not the only unanswerable questions that will
surface as we apply our growing knowledge of the gene. But
they are a foretaste of what is to come. We will have the lux-
ury of making choices that have never existed before; but we
will also carry a burden of responsibility.

Manipulating Genes

Thus far, genetic prophecy gives us the opportunity to
begin a search for some mythical level of genetic perfection.
The quest, of course, is a false one. We shall never control all
the elements that collaborate to create characteristics. We
shall never manage to hold the environment stable long
enough to adopt to it ideally; for the process of adaptation
itself changes the combination of environmental factors that
are needed for perfection.

Nevertheless, prenatal diagnosis and an awareness of our
susceptibilities to various environmental factors does put us
on the road to improvement. And it won’t be long before we
are not only controlling environments but genes as well, be-
fore we are playing an active role in modifying both sides of
the equation. New advances in genetic research are bringing
us to the point where we may be able to orchestrate at least
some of the genetic heritages of our offspring:

+ In the summer of 1980, UCLA Medical Center an-
nounced the first animal gene transplant. Scientists
treated the bone marow cells from mice that were ge-
netically sensitive to a certain drug with DNA from the
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cells of mice that were resistant. When they reintro-
duced those modified cells into the susceptible mice,
the mice became resistant to the drug. Scientists and
the press alike boldly predicted that a similar attempt
would be made in man within five years.

» Only three months later, two patients suffering from
thalassemia (a recessive genetic disease)—one in Israel
and one in [taly—were treated in similar fashion by
Martin Cline of UCLA. The results of the experiment
were inconclusive; Cline resigned during the ensuing
controversy. But the attempt to direct a genetic change
in humans had taken place.

« In mid-1980, scientists at Yale University succeeded in
infecting mouse embryo cells with viruses that carried
modified DNA. The genes that they had attached to
the viruses became incorporated into the mouse cells;
when they developed into mature mice, they carried
with them the transplanted characteristics.

» In early 1981, Karl Ilmensee and his colleagues in Ge-
neva, Switzerland reported that they had cloned
mice—the first time that a mammal had successfully
undergone the procedure. They had transferred nuclei
from the body cells of mouse embryo into several ferti-
lized eggs from which they had removed the original
nuclei. Then they placed the altered eggs in the uter: of
mice with significantly different genetic structures. The
eggs grew, taking directions from the blueprints pro-
vided by the transplanted nuclei. They developed into
three mice, each genetically identical to the original
mouse embryo.

Gene alteration, cloning, and n wvitro fertilization—the
technique of developing so-called test-tube babies—place us
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on the verge of actively intervening in the process of inheri-
tance. As they are refined, the three techniques will allow us
to move genes around at will, as if they were tiny parts of a
vast and complex Tinker Toy. Once we discover what a gene
does, we can snip it out of its rightful place in a length of
DNA and introduce it into any other genetic chain. And we
can perform this operation either with a natural gene from a
cell or with genetic material produced from chemicals on the
laboratory shellf.

As our sophistication has increased, our goals have ex-
panded. In the mid-1970s, bacterial and viral genes were the
only ones moved from cell to cell; by the end of the decade,
human genes, such as the one for insulin, were transplanted
into bacteria. The next obvious step is to begin to shuttle
genes between animals higher on the evolutionary ladder, up
to and including man.

There are two targets for human genetic alteration. The
first includes adults who may be carrying a clearly defective
gene or groups of genes. For them, the critical alterations will
be aimed at changing a specific genetic response to the en-
vironment. For diabetics, the ability to produce insulin may
be delivered to the pancreas; for those with sickle-cell ane-
mia, the bone marrow, which produces the defective hemo-
globin, may be replaced. Genetic therapy in adults will
home in on the particular organ affected (and only that
organ), and the resulting change will not be passed on to
their children. It is for that reason that fewer ethical issues
will arise from adult gene therapy. In essence, it is no differ-
ent from any other organ transplant.

The second set of targets, the fertilized egg and the sex
cells (sperm and egg), poses far greater problems. If an egg
that is recognized as defective is altered, the change will af-
fect all cells descended from that egg, including the sex cells.
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The change will be passed on through the generations, and
the natural integrity of a human genetic line will have been
permanently ruptured. Whether or not that has terrible con-
sequences remains to be seen. But the mere fact that we can
control and direct human reproduction, both by removing
genes that we consider deleterious and by recognizing and
encouraging the development of sperm and egg that already
have characteristics we consider desirable, means that we are
gaining control over the evolution of the human gene pool—
the rich and extraordinary plexus of variation that has al-
lowed us to develop as we have.

Despite the fact that most experts do not expect to see
these techniques used routinely (if at all) until at least the
twenty-first century, it i1s not too early to start asking the
right questions. Already, the President’s Commission on Bio-
medical Ethics and Research has begun to examine the
issues; already, special interest groups are gearing up to fight
the aspects of the genetic revolution that they view as partic-
ularly dangerous; already, the first incursions into the world
of directed genetic manipulation have taken place. Using
genes to foretell the future is only one of many ways that ge-
netics 1s finding its way into our lives, but it is one of the
more visible. As it grows in sophistication and accuracy, it
will become more and more indispensible to our medicine,
our professions, the ways we run our lives. As such, we must
use it fully, but we must make sure that it does not begin to
use us. Genetic prophecy is still at the tail of society’s whip,
but it is moving inexorably toward the handle.
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SCREENING
CENTERS

The following laboratories are recognized by the National Institutes of
Health as qualified to conduct screening for genetic disorders. Many of
them are capable of performing any of the tests described in this book,
although the tests are not all performed routinely. Some, of course, have
more limited facilities. Laboratories that are more likely to perform the
less routine tests are indicated by an asterisk.

ALABAMA ALASKA
Birmingham Fairbanks
University of Alabama in Bir- WAMI Medical Education
mingham Program
The Medical Center University of Alaska
University Station Arctic Health Research Build-
1720 Seventh Avenue South ing
Birmingham, Alabama Fairbanks, Alaska 99701
35294
ARIZONA
Mobile Phoenix
University of South Alabama Genetics Center of the South-
Medical Center west Biomedical Research
School of Medicine Institute
Moorer Building 123 East University Drive
2451 Fillingim Street Tempe, Arizona 85281

Mobile, Alabama 36617

Source: Clinical Genetic Service Centers: A National Listing, National Clearing
House for Genetic Diseases, DHHS Publication No. (HSA) 80-5135.
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St. Joseph's Hospital and
Medical Center

350 West Thomas Road

P.O. Box 2071

Phoenix, Arizona 85003

Tucson

University of Arizona Health
Sciences Center

College of Medicine

1501 North Campbell Avenue

Tuscon, Arizona 85724

ARKANSAS
Little Rock

University of Arkansas

College of Medicine

4301 West Markham

Little Rock, Arkansas
72201

CALIFORNIA
* Duarte

City of Hope National Medi-
cal Center

1500 East Duarte Road

Duarte, California 91010

Fresno

Valley Children’s Hospital
3151 North Millbrook
Fresno, California 93703

Loma Linda

Loma Linda University Medi-
cal Center

11234 Anderson Street

Loma Linda, California
92354

Los Angeles

Children’s Hospital of Los
Angeles

4650 Sunset Boulevard

Los Angeles, California

90027

* Los Angeles County — Uni-
versity of Southern Califor-
nia Medical Center

General Lab Building
1129 North State Street
Los Angeles, California

90033

Los Angeles County — Uni-
versity of Southern Califor-
nia Medical Center

1200 North State Street

Los Angeles, California
90033

Martin Luther King, Jr., Gen-
eral Hospital

Charles R. Drew Postgraduate
Medical School

12021 South Wilmington Ave-
nue

Los Angeles, California

90059

* University of California Los
Angeles
Center for Health Services
760 Westwood Plaza
Los Angeles, California
90024

Oakland

Children’s Hospital Medical
Center of Northern Califor-
nia

5lst and Grove Streets

Oakland, California 94609
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Orange

University of California,
Irvine Medical Center
101 City Drive South

Orange County, California
92668

Sacramento

University of California,
Davis School of Medicine

4301 X Street

Sacramento, California
95817

San Diego

Children’s Hospital and
Health Center San Diego

8001 Frost Street

San Diego, California
92123

University of California, San
Diego Medical Center
University Hospital
225 West Dickenson Street
San Diego, California
92103

San Francisco

* University of California San
Francisco
3rd and Parnassus Avenue
San Francisco, California
94143

Stanford

* Stanford University Medical
Center
300 Pasteur Drive
Stanford, California 94305

Torrance

* Harbor UCLA Medical Cen-
ter
1000 West Carson Street
Torrance, California
90509

COLORADO

Denver

* University of Colorado Health
Sciences Center
4200 East Ninth Avenue
Denver, Colorado 80262

* National Jewish Hospital
3800 East Colfax Avenue
Denver, Colorado 80206

CONNECTICUT

Connecticut Department of
Health Services

Genetics Information Center

79 Elm Street

Hartford, Connecticut
06115

Farmington
University of Connecticut

Health Center

Farmington, Connecticut
06032

New Haven
* Yale University School of
Medicine
333 Cedar Street

New Haven, Connecticut

06510
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DELAWARE
Wilmington
A. 1. DuPont Institute
P. O. Box 269

Wilmington, Delaware
19899

Wilmington Medical Center

P. O. Box 198999

Wilmington, Delaware
19899

DISTRICT OF COLUMBIA

Children’s Hospital National
Medical Center

111 Michigan Avenue, N. W.

Washington, District of Co-
lumbia 20010

George Washington Univer-
sity

2150 Pennsylvania Avenue,
N. W.

Washington, District of Co-
lumbia 20037

Georgetown University Medi-
cal Center

3800 Reservoir Road, N. W,

Washington, District of Co-
lumbia 20007

Howard University

College of Medicine

Box 75

520 W Street, N. W.

Washington, District of Co-
lumbia 20001

[
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FLORIDA
Gainesville

University of Florida
College of Medicine
J. Hillis Miller Health Center
Gainesville, Florida 32610

Miami

University of Miami

School of Medicine

1601 Northwest 12th Avenue
P. O. Box 016820

Miami, Florida 33101

Tampa

University of South Florida
College of Medicine

Box 15

12901 North 30th Street
Tampa, Florida 33612

GEORGIA
Atlanta
Emory University School of
Medicine
Box AM

Atlanta, Georgia 30322

Georgia Mental Health Insti-
tute

Emory University School of
Medicine

1256 Briarcliff Road

Atlanta, Georgia 30306

Augusta

Medical College of Georgia

1120 Fifteen Street

Augusta, Georgia

/
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HAWAII
Honolulu

University of Hawaii

Kapiolani Children’s Medical
Center

1310 Punahou Street

Honolulu, Hawaii 96826

IDAHO
Boise
Idaho Department of Health
and Welfare
2220 Old Penitentiary Road
Boise, Idaho 83702

ILLINOIS
Chicago
Children’s Memorial Hospital
Northwestern University
Medical School
2300 Children’s Plaza
Chicago, Illinois 60614

Cook County Hospital
Children’s Hospital

700 South Wood Street
Chicago, Illinois 60612

Michael Reese Hospital and
Medical Center

29th Street and Ellis Avenue

Chicago, Illinois 60616

Prentice Women’s Hospital

Northwestern University
Medical School

333 East Superior Street

Chicago, Illinois 60611

L

Rush-Presbyterian-St. Luke’s
Medical Center

1753 West Congress Parkway

Chicago, Illinois 60612

University of Chicago Hospi-
tal

Pritzker School of Medicine

950 East 59th Street

Chicago, Illinois 60637

University of Illinois Medical
Center

Abraham Lincoln School of
Medicine

840 South Wood Street

Chicago, Illinois 60612

Peoria

University of Illinois College
of Medicine

Allied Agencies, Inc.

123 S.W. Glendale Avenue

Peoria, Illinois 61605

Springfield

Southern Illinois University
School of Medicine

P. O. Box 3926

Springfield, Illinois
62708

Urbana

Regional Health Resource
Center

1408 West University Avenue

Urbana, Illinois 61801
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INDIANA
Bluffton

Caylor-Nickel Research Insti-
tate

311 South Scott Street

Bluffton, Indiana 46714

Indianapolis

Indiana University School of
Medicine
1100 West Michigan Street

Indianapolis, Indiana
46223

Methodist Hospital of Indian-
apolis
1604 North Capitol Avenue

Indianapolis, Indiana
46206

South Bend
Memorial Hospital
615 North Michigan Street

South Bend, Indiana
46601

IOWA
Iowa City

* University of Iowa Hospital
and Clinics
Iowa City, Iowa

52242

KANSAS
Kansas City

* Kansas University Hospital
College of Health Sciences
39th and Rainbow Boulevard
Kansas City, Kansas
66103

[
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Topeka

Lattimore-Fink Laboratories,
Inc.

115 West Crane Street

Topeka, Kansas 66603

Northeast Kansas Genetic
Counseling Center

1518 Southwest 8th Street

Topeka, Kansas H6604

Wichita

University of Kansas School
of Medicine-Wichita

1001 North Minneapolis
Street

Wichita, Kansas 67214

KENTUCKY
Lexington
* University of Kentucky
School of Medicine
Medical Center
800 Rose Street

Lexington, Kentucky
40536

Louisville

University of Louisville Medi-
cal School
334 East Broadway
Louisville, Kentucky
40202
LOUISIANA

New Orleans

* Louisiana Heritable Disease
Center
Louisiana State University
Medical Center
1542 Tulane Avenue

New Orleans, Louisiana
70112
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Tulane University School of
Medicine

1430 Tulane Avenue

New Orleans, Louisiana
70112

Shreveport

Louisiana State University
School of Medicine

University Hospital

1501 Kings Highway

Shreveport, Louisiana

71130
MAINE
Bangor
* Eastern Maine Medical Cen-
ter

489 State Street
Bangor, Maine 04401

Bar Harbor

* Center for Human Genetics
Firehouse Hill
Bar Harbor, Maine 04609

Portland

Maine Medical Center
22 Brambhall Street
Portland, Maine 04102

Scarborough

Foundation for Blood Re-
search

P. O. Box 426

Scarborough, Maine
04074

[

MARYLAND
Baltimore

John F. Kennedy Institute

7107 North Broadway

Baltimore, Maryland
21205

* Johns Hopkins University
School of Medicine
601 North Broadway
Baltimore, Maryland
21205

University of Maryland Hos-
pital
22 South Greene Street
Baltimore, Maryland
21201

Bethesda

* National Institutes of Health
Building 10, Room 1D21
Bethesda, Maryland

20205

Towson

Greater Baltimore Medical
Center

6701 North Charles Street

Towson, Maryland 21204

MASSACHUSETTS
Boston
*Boston Hospital for Women
S. G. Mudd Building, Room
209

250 Longwood Avenue
Boston, Massachusetts

02115
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* Children’s Hospital Medical
Center
300 Longwood Avenue
Boston, Massachusetts
02115

* Massachusetts General Hospi-
tal
Boston, Massachusetts
02114

* Peter Bent Brigham Hospital
721 Huntington Avenue

Boston, Massachusetts
02115

* Tufts New England Medical
Center Hospital
171 Harrison Avenue

Boston, Massachusetts
02111

Waltham

* Eunice Kennedy Shriver Cen-
ter
200 Trapelo Road
Waltham, Massachusetts
02154

Worcester

University of Massachusetts
Medical Center

55 Lake Avenue North

Worcester, Massachusetts
06105

MICHIGAN
Ann Arbor
* University of Michigan Medi-
cal School
1137 East Catherine Street
Ann Arbor, Michigan
48109
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Detroit

C. S. Mott Center for Human
Growth and Development

Wayne State University

School of Medicine

275 East Hancock

Detroit, Michigan 48201

Henry Ford Hospital
2799 West Grand Boulevard
Detroit, Michigan 48202

University of Detroit
4001 W. McNichols Road
Detroit, Michigan 48221

Wayne State University

Children’s Hospital of Michi-
gan

3901 Beaubien Boulevard

Detroit, Michigan 48201

East Lansing

Michigan State University

B240 Life Sciences Building

East Lansing, Michigan
48624

Grand Rapids

Blodgett Memorial Medical
Center

1840 Wealthy Street, S. E.

Grand Rapids, Michigan
49506

Butterworth Hospital

100 Michigan Street, N. E.

Grand Rapids, Michigan
49503
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Northville

Michigan Department of
Mental Health

18471 Haggerty Road

Northville, Michigan
48167

Royal Oak

William Beaumont Hospital

3601 West 13 Mile Road

Royal Oak, Michigan
48072

MINNESOTA
Minneapolis
Hennepin County Medical
Center
701 Park Avenue

Minneapolis, Minnesota
55415

Minnesota State Board of
Health

717 8. E. Delaware

Minneapolis, Minnesota

55440

* University of Minnesota
Dight Institute for Human
Genetics
400 Church Street S. E.
Minneapolis, Minnesota
55455

University of Minnesota
School of Dentistry and
Health Science Center

Health Science Unit A-16

515 Delaware Street, S. E.

Minneapolis, Minnesota
55455

* University of Minnesota Hos-
pital
Mayo Memorial Building
420 Delaware Street, S. E.
Minneapolis, Minnesota
55455

Rochester
Mayo Clinic
200 First Street, 5. W.

Rochester, Minnesota
55901

St. Paul

Gillette Children’s Hospital
200 East University Avenue
St. Paul, Minnesota 55101

St. Paul Ramsey Medical
Center

640 Jackson Street

St. Paul, Minnesota 55101

MISSISSIPPI
Hattiesburg
University of Southern Missis-
sippl
College of Science and Tech-
nology
P. O. Box 8421

Hattiesburg, Mississippi
39401

Jackson

University of Mississippi
Medical Center

2500 North State Street

Jackson, Mississippi
39216
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Biloxi
Keesler Air Force Base

U. 8. Air Force Medical Cen-

ter
Keesler Air Force Base, Mis-
sissippi 39534

MISSOURI

Columbia

University of Missouri Medi-
cal Center at Columbia
807 Stadium Road
Columbia, Missouri
65201

Kansas City

Children’s Mercy Hospital

University of Missouri at
Kansas City

24th and Gillham Road

Kansas City, Missour!
64108

St. Louis

Cardinal Glennon Memorial
Hospital for Children

1465 South Grand Boulevard

St. Louis, Missouri
63104

St. Louis Children’s Hospital

Washington University Medi-

cal School
500 South Kings Highway
St. Louis, Missouri

63110

Washington University Medi-

cal School
4911 Barnes Hospital Plaza
St. Louis, Missouri

63110

[

MONTANA

Helena

Shodair Crippled Children’s
Hospital

840 Helena Avenue

Helena, Montana

59601

NEBRASKA
Omaha

* Children’s Memorial Hospital
44th and Dewey Avenue
Omaha, Nebraska 68105

St. Joseph’s Hospital

Creighton University School
of Medicine

601 North 30th Street

Omaha, Nebraska 68131

University of Nebraska Medi-
cal Center

42nd and Dewey Avenue

Omaha, Nebraska 68105

NEW HAMPSHIRE
Hanover

* Dartmouth-Hitchcock Medi-

cal Center
Dartmouth Medical School
Hanover, New Hampshire
03755

NEW JERSEY
Camden

* Institute for Medical Research

Copewood Street
Camden, New Jersey
08103
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Jersey City

Jersey City Medical Center

50 Baldwin Avenue

Jersey City, New Jersey
07304

Lyons
Veterans Administration Hos-

pital
Lyons, New Jersey 07939

Newark

College of Medicine & Den-
tistry of New Jersey
New Jersey Medical School
100 Bergen Street, F 532
Newark, New Jersey
07103

Piscataway

College of Medicine & Den-
tistry of New Jersey
Rutgers Medical School

Hoes Lane
Piscataway, New Jersey
08854

NEW MEXICO
Albuquerque

University of New Mexico
Medical Center

2211 Lomas NE

Albuquerque, New Mexico
87131

NEW YORK
Albany

Albany Medical College
New Scotland Avenue
Albany, New York 12208

* New York State Health De-
partment
Empire State Plaza
Albany, New York
12201

Buffalo

Buffalo General Hospital

State University of New York
at Buffalo, School of Medi-
cine

100 High Street

Buffalo, New York
14203

* Children’s Hospital of Buffalo
State University of New York
at Buffalo, School of Medi-
cine
86 Hodge Avenue
Buffalo, New York
14222

Manhasset

* North Shore University Hos-
pital
Cornell University College of
Medicine
300 Community Drive
Manhasset, New York
11030

New Hyde Park

* Long Island Jewish-Hillside
Medical Center
270-05 76th Avenue
New Hyde Park, New York
11042
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New York City * Mt. Sinai School of Medicine
* Albert Einstein College of Fifth Avenue and 100th Street
Medicine New York, New York
Building U, Room 517 10029
1300 Morris Park Avenue ]
Bronx, New York 10461 * New York Hospital
Cornell University Medical
* Albert Einstein College of Center
Medicine 525 East 68th Street
Rose F. Kennedy Center New York, New York
1410 Pelham Parkway 10021

Bronx, New York 10461
New York Medical College

Brookdale Hospital Center Lincoln Hospital
Linden Boulevard at Brook- 234 East 149 Street
dale Plaza Bronx, New York 10454
Brooklyn, New York
11212 New York Medical College
Bl Horgnal Ml o
Brooklyn-Cumberland Medi- New York New York
cal Center 10029 ’
121 DeKalb Avenue
Brooklyn, New York New York University Medical
11201 Center
* Columbia-Presbyterian Medi- R‘Dﬂn‘f MSB-136
cal Center 330 First Avenue
622 West 168 Street Giew o NEMENoHe
New York, New York 10016
10032 * Prenatal Diagnosis Labora-
Long Island College Hospital tory of New York City
340 Henry Street Medical and Health Research
Brooklyn, New York Association
11201 455 First Avenue
New York, New York
Long Island Jewish-Hillside 10016
Medical Center
Queens Hospital Center State University of New York
Building ] Downstate Medical Center
82-68 164th Street 450 Clarkson Avenue
Jamaica, New York Brooklyn, New York
11432 11203
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Rochester

Strong Memorial Hospital

University of Rochester
School of Medicine

601 Elmwood Avenue

Rochester, New York
14642

Stony Brook

State University of New York
at Stony Brook

Health Sciences Center T-9

Stony Brook, New York
11794

Syracuse

* State University of New York
Upstate Medical Center
750 East Adams Street

Syracuse, New York
13210

Thiells

Letchworth Village Develop-
mental Center
Thiells, New York 10984

Valhalla

Westchester County Medical
Center

Valhalla, New York
10595

NORTH CAROLINA
Chapel Hill
* University of North Carolina
at Chapel Hill
School of Medicine
Chapel Hill, North Carolina
27514

Charlotte

Charlotte Memorial Hospital
& Medical Center

1000 Blythe Boulevard

P. O. Box 32861

Charlotte, North Carolina
28232

Durham

* Duke University Medical
Center
Durham, North Carolina
27710

Greensboro

Moses H. Cone Memorial
Hospital

1200 North Elm Street

Greensboro, North Carolina
27420

Greenville

East Carolina University

School of Medicine

Greenville, North Carolina
27834

Winston-Salem

Bowman Gray School of Med-
icine

300 South Hawthorne Road

Winston-Salem, North Caro-
lina

27103

NORTH DAKOTA
Grand Forks
University of North Dakota
School of Medicine

Grand Forks, North Dakota
58202
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OHIO
Akron

The Children’s Hospital Med-
ical Center of Akron

281 Locust Street

Akron, Ohio 44308

Cincinnati

Children’s Hospital Medical
Center

Pavilion Building

Elland and Bethesda Avenues

Cincinnati, Ohio 45229

Cleveland

Case Western Reserve Univer-
sity

School of Medicine

2119 Abington Road

Cleveland, Ohio 44106

Cleveland Metropolitan Gen-
eral Hospital

3395 Scranton Road

Cleveland, Ohio 44109

University Hospitals
2065 Adelbert Road
Cleveland, Ohio 44106

Columbus

Children’s Hospital

700 Children’s Drive
Columbus, Ohio 43205

Dayton

Children’s Medical Center
1735 Chapel Street
Dayton, Ohio 45404
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St. Elizabeth Medical Center
601 Miami Boulevard West
Dayton, Ohio 45408

Kettering

Kettering Medical Center
3535 Southern Boulevard
Kettering, Ohio 45429

Mount Vernon

Mount Vernon Develop-
mental Center

Mount Vernon, Ohio
43050

Toledo

Medical College of Ohio at
Toledo

Caller Service Number: 10008

Toledo, Ohio 43699

OKLAHOMA
Oklahoma City

Children’s Memorial Hospital

940 N. E. 13th Street

P. O. Box 26901

Oklahoma City, Oklahoma
73190

University Hospital

University of Oklahoma
Health Service Center

800 N. E. 13th Street

Oklahoma City, Oklahoma
73190

Tulsa

Children’s Medical Center
5300 East Skelly Drive
Tulsa, Oklahoma 74135
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OREGON
Portland

* University of Oregon Health
Sciences Center

P. O. Box 574

Portland, Oregon 97207

PENNSYLVANIA
Danville

Geisinger Medical Center
North Academy Avenue

Danville, Pennsylvania
17821

Hershey

* Milton S. Hershey Medical
Center

Pennsylvania State University
College of Medicine

500 University Drive

Hershey, Pennsylvania
17033

Philadelphia

Hahnemann Medical College
and Hospital

230 North Broad Street

Philadelphia, Pennsylvania
19102

Jefferson Medical College
Room 710 College
1025 Walnut Street

Philadelphia, Pennsylvania
19107

St. Christopher’s Hospital for
Children

2600 North Lawrence Street

Philadelphia, Pennsylvania
19133
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Temple University Medical
School

3400 North Broad Street

Philadelphia, Pennsylvania
19122

University of Pennsylvania

Children’s Hospital of Phila-
delphia

34th and Civic Center Boule-
vard

Philadelphia, Pennsylvania
19104

University of Pennsylvania

University Hospital

3400 Spruce Street

Philadelphia, Pennsylvania
19104

Pittsburgh

Presbyterian-University Hos-
pital

270 DeSoto Street

Pittsburgh, Pennsylvania
15213

University of Pittsburgh

Children’s Hospital

125 DeSoto Street

Pittsburgh, Pennsylvania
15213

University of Pittsburgh

Magee-Women's Hospital

Forbes and Halkett Avenues

Pittsburgh, Pennsylvania
15213
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RHODE ISLAND
Providence

Rhode Island Hospital

593 Eddy Street

Providence, Rhode Island
02902

Women and Infants Hospital
of Rhode Island

50 Maude Street

Providence, Rhode Island
02908

SOUTH CAROLINA
Charleston

Medical University of South
Carolina

171 Ashley Avenue

Charleston, South Carolina

29403

South Carolina Department
of Mental Retardation

Coastal Center

41 Bee Street

Charleston, South Carolina
29401

Columbia

South Carolina Department
of Mental Health
P. O. Box 119

Columbia, South Carolina
29202

University of South Carolina

School of Medicine

3321 Medical Park Road,
Suite 302

Columbia, South Carolina
29203
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Greenwood

Greenwood Genetic Center
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AAT (alpha-l-antitrypsin) defi-
ciency, 16, 110-113
in Z-gene carriers, 111-112,
113
Abortion, 16, 252, 270-272
spontaneous. See Miscarriages
Accidents, 25, 261
job-related, 107, 261
Acetaldehyde, 202
Acetaminophen, 139-140
Acetylator types, 109-110, 140
Acetylcholine, 207
Acute anterior uveitis, lable 66
Acute appendicitis, table 65
Acute-disease view of medicine,
46
Acute myelogenous leukemia,
102
Adaptation:
environmental, 147-148, 168,
269, 273

individual, 19, 157-158, 166,
169
Addison’s disease, fable 65
Adoptees studies, 185, 190, 200,
232
1Q) tests, 225
on schizophrenia, 195, 196
199
Adrenal glands:
Addison’s disease, table 65
hyperfunctioning, table 65
Adult gene therapy, 275
Aging, 42-43, 45-46, 192
Aggressiveness, 233
neurotransmitter for, 207
XYY controversy, 236-240
AHH (aryl hydrocarbon hydrox-
vlase), 81, 110
and fetal abnormalities, 86
genetic marker for cancer,

81-86, 91, 146
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AHH (Cont.)
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86
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marker for acetaminophen

(Tylenol) sensitivity and cat-

aracts, 139-140

marker for anticoagulant sensi-

tivity, 141
Air pollution, 110
Albert Einstein College of Medi-
cine, 37, 71
Albertini, Richard, 103
- Alcohol consumption, 205, 258,
261. See also Alcoholism
ethanol metabolism, 201-202
moderate, effect on HDL level
and resistance to heart dis-
ease, 27
and porphyria, 135
reactions to, 200, 201
and sleeping pills, 137
and ulcers, 131
Alcohol deteriorated state, 202
Alcohol liver disease, table 65
Alcohol solvents, 120
Alcoholism, 200-203
Duarte protein linked to, 213,
215
environmental factors in, 201,
203
familial tendency for, 200-201
genetic components of, 200,
201, 202-203
psychiatric effects, 202
psychological aspects of addic-
tion, 202
Allergies:
asthma, fable 64, 73
drug reactions, 136
hay fever (ragweed pollinosis),
table 64, 73
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HLA genetic markers for, table
64, 73
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113
testing for, 113
Alpha-l-antitrypsin. See AAT
Alpha thalassemia, 158
Altitude, as trigger of blood cell
sickling, 115
American Cancer Society, 80, 91
American Chemical Society,
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American Cyanamid Company,
118-119, 120
American Heart Association, 24
American Indians:
milk sensitivity among, 129
O blood type selection, 154
Amniocentesis, 4, 270-271. See
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Analgesic abuse nephropathy,
table 67
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Cooley’s anemia; Fanconi’s
anemia; Hemolytic anemia;
Pernicious anemia; Sickle-
cell anemia
Animal behavior studies, 179,
240-242
eye color and reactive behav-
or, 234
learned behavior in honey
bees, 177-178
Animal research, 273-274. See
also Mice
Ankylosing spondylitis, 63, 67,
table 67, 69, 70-72
Anoprheles (mosquito), 149
Antibiotics, 38
reactions to 136, 140
Antibodies, 56, 59, 75, 76-77
Anticoagulants, 141
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Antigens, 56
function of, 56, 73-74
HLA system, 58-78. See also
HLA
and transplant rejection, 58, 61
Antimalarial drugs, and hemo-
lytic anemia, 15, 141
Antipyrene, 141
Aplastic anemia, fable 66,
141-142
Appendicitis, acute, table 65
Apresolin, 140
Aristotle, 204
Armenians, Mediterranean fever
incidence in, 158
Aromatic hydrocarbons, 107
Arousal, neurotransmitter for,
207
Arsenic compounds, 108
Arterial occlusive disease, table 64
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acetaminophen medication,
140
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table 67, 69, 70-72
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HLA genetic markers for vari-
ous forms of, table 64, table
63, table 67, 69-72
psoriatic, table 67
Reiter’s syndrome, table 67,
68-70
rheumatoid, 141
in Sjogren’s syndrome, table 64
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67
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See AHH
Arylamines, 108-110, 140
Asbestos, 88, 106, 108
smoking near, 80, 257
Asbestosis, table 66, 257
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Aspirin, 137
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Atherosclerosis, 23, 25

Athletes, eye color and reaction
time, 234-236

Atopic dermatitis, table 65
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in insulin production, 217, 275
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216-218, illus. 217
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Bamboo spine, 63. See also Anky-
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Barbiturates, and porphyria, 135.
See also Sleeping pills
Beethoven, Ludwig van, 217
Behavior, behavioral traits, 164,
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animal studies, 177-178, 179,
234, 240-242
antisocial, in XYY carriers,
239-240
biochemical foundations of,
205-206, 208, 209-210, 242
biological/genetic view of,
221
difficulty of testing for, 179,
240-242
environmentalist argument,
221
environmentalist interpretation
questioned, 175-176, 183,
184, 187-189
gene-environment interaction,
174-176, 191, 192-193, 198,
210-211, 233, 242
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genetic component in, 181,
187, 188-193, 200, 231-236,
242
and heart disease, 232-233

identical twin studies, 180-191,
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learned vs. inherited, 177-178

parental influence found lim-
ited, 187, 190

peer relationships effects on,
190

reactive behavior related to eye

color, 234-236
role of enzymes in, 209-210
role of neurotransmitters in,
207-208, 210
Behavioral disorders, studies of),
195-200. See also Depression;
Manic depression; Schizo-
phrenia
Behavioral psychology, 164, 183
Behget's disease, table 65
Benzene, 118
as a carcinogen, 88, 107, 108
Bergman, Fred, 158
Beta-galactosidase, synthesis of,
171-174, tllus. 173
Beth Israel Hospital, Boston,
126
Bias in Mental Testing (Jensen),
230
Biliary cirrhosis, fable 65
Biochemical factors of mind and
behavior, 205-206, 208,
209-210, 230, 242
Biological clock, 43, 192
Biological Sciences Study Curric-
ulum, 268
Bipolar depression, 213. See also
Manic depression
Bird breeder’s lung, 112
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Birth control pills, and blood
clotting, 16, 137-138, 147

Birth defects, statistics, 40

Births, male vs. female, 261

Biston betularia (moth), 147

Black Death, 34-36

Blacks, American:

Duffy negative blood type and
malaria resistance in,
150-151

G-6-PD deficiency incidence
in, 116

IQ studies, 225-226, 230

milk intolerance among, 129

sickle-cell anemia incidence in,
114

sickle-cell trait in, 113-116

sickle-cell trait incidence in,
114

sickle-cell trait screening,
250-251

sterilization programs, 223

Bladder cancer, 48, 108-110

genetic markers for, table 66,
712-73, 109

job-related, 15, 72, 108-110

risk factors, 15, 72

susceptibility increased by par-
asitic infection, 89-90
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Blood cancers, 90. See also Leuke-
mia

Blood clotting, in oral contracep-
tive users, 16, 137-138, 147

Blood pressure, high. See Hyper-
tension

Blood types:
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dency, 16, 137-138, 147
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A, and stomach cancer, 132
A, and IQ level, 229-230
ABO statistics, 154
Duffy and Duffy negative, and
malaria, 150-151
genetic variability and selec-
tion, 154
O, and duodenal ulcers, 130,
132, 146
0, and mosquito-borne dis-
cases, 154
O, and syphilis resistance, 154
Bocklin, Arnold, 34
Bone marrow, cancer of, 99, 102
Bouchard, Thomas, 183-189
Bowman, James, 271
Boyer, Herbert, 217
Brain, 201, 203-211, 230
childhood growth of, 191-192
complexity of, 204, 206
environmental influences on,
205-206, 208-209
gene-environment interaction
in organization of, 208-209,
210-211
genetic blueprint for, 208-209,
210
number of neurons in, 206
proteins, laboratory isolation
of, 211-213
testing for proteins and mark-
ers of, 215-218
Breast cancer, 91-95, 103, 263
detection and diagnosis of,
91-92
familial susceptibility to, 92,
94-95, 99
genetic markers for, 92-95, 100
incidence of, Caucasian vs.
Oriental women, 93-94
statistics, 91
Breast fAuid, 93
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Breast surgery, prophylactic, 92,
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Broadgreen Hospital, Liverpool,
England, 130

Bronchial cancer, 77, 146
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smoking and, 80, 110
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Bronze diabetes, 134

Brookhaven National Labora-
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Byron, George Gordon, Lord, 271
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grams in, 256
Calin, Andrei, 69
Cancer, 24, 39, 41, 46, 79-103.
See also Bladder cancer;
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cancer; Cervical cancer;
Colon, cancer of; Hodgkin’s
disease; Kidney cancer; Leu-
kemia; Lung cancer; Scrotal
cancer; Skin cancer; Stom-
ach cancer
AHH genetic markers for,
81-86, 91, 146
in AT victims, 262-264
basic nature of, 87-88
“causes’” of, 41, 102-103. See
also Carcinogens
cell sensitivity as possible
marker for, 102-103
certain forms tied to age, 192
chromosome instability syn-
dromes and, 89, 97, 100, 101
“cure” fallacy, 88
death rate, 86-87
environmental triggers of, 9,
41, 84, 87-89, 101, 168. See

also Carcinogens
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Cancer (Cont.)
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67, 92, 94-95, 96, 97-100,
101-102, 229, 262-264
in Fanconi anemia victims,
101-102
gene-environment interaction,
87-88, 89, 101
genetic predisposition for, 84,
87-88, 89, 90-91, 94,
100-101
HLA genetic markers for, table
66, 74, 77, 146
immune system response,
90-91
job-related risks, 106-110C
mutant cells, 74, 88, 103
prognosis aided by HLA typ-
ing, 77
risk in transplant patients, 90
smoking and, 79-80, 83. See
also Smoking
susceptibility to, 16, table 67,
87-88, 89, 96, 100-103, 270
therapy, 87, 88
Candida hypersensitivity, table
66
Carbon tetrachloride, 116
Carcinogens, 46, 81-82, 88-90,
102-103
basic types, 88-89, 102. See also
Chemical carcinogens; Ra-
diation; Viruses, carcino-
genic
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in office work, 105-106
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85, 86
procarcinogens, 81
ultimate carcinogens, 82
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hypertrophic, table 67
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Cardiovascular disease, 23-24,
86. See also Heart disease;
Hypertension

HLA genetic markers for, table
64
Cataracts, 139-140
Caucasians:
acetylator types, 109
breast cancer incidence in,
93-94
cystic fibrosis gene in, 158
Dufly positive blood, and ma-
laria, 150
intoxication, 200
PKU in, 249
Celiac disease, 127-128
HLA markers for, 128
Cells:
biological clock and aging, 43,
192
cancerous, /4, 82, 87, 88, 103
enzyme production in,
171-174, iflus. 173
mutant, 74, 88, 103
specialization and functioning,
18-19

Celtic origin, people of, 120. See
also Irish, the

Central nervous system, 205

Cervical cancer, fable 66, 99, 247,
263

Chalk River Nuclear Laboratory,
Ontario, Canada, 102

Cheese, genetic reaction to,

134

Cheese worker’s lung, 112

Chemical carcinogens, 41, 88-89,
102, 103, 105-110

arylamines as procarcinogens,
108-110

in factory work, 106-110

in office work, 105-106
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Chemical industry, job-related
risks in, 106-110, 116,
118-121, 140

Chemical Week, 120

Chemotherapy, 87, 103

effectiveness prognosis, 77

Child mental development,
190-192, 233

Child psychology, 190-192

Children’s Hospital Medical
Center, Boston, 218, 237

Childs, Barton, 38, 47, 51, 79

Chinese, alpha thalassemia inci-
dence among, 158

Chloramphenicol, 140-141

Chlorine, 116, 117

Chlorite, 117

Chocolate, genetic reactions to,
134

Cholera, 36

Cholesterol, 24-27, 123

Chopin, Frédéric, 271-272

Chrome salts, 107

Chromic acid, 106

Chromosomal abnormalities:

chromosome instability syn-
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chromosome 13, and eye
cancer, 89, 100
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227-228
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X), 100

and low intelligence, 222-223,
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discovery of, 18
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Colon, cancer of, 263
polyps as marker, 98-99
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Manic depression
basic categories of, 213
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Formaldehyde, 107
“Fragile X syndrome, 223,
227998 23()
Framingham, Mass., HDL study
in, 26
Fraternal twins, 179-181
alcoholism concordance, 200
schizophrenia concordance,
199
studies of, 185, 190-191, 224,
233
Freckles, 95, 96
French Canadians, tyrosinemia
incidence in, 158
Freud, Sigmund, 164, 205
Fries, James, 69
Frozen shoulder, arthritis, table 67
Fungal eye infection, table 66
Furdantin, 141

G-6-PD (glucose-6-phosphate de-
hydrogenase) deficiency, 13,
22
and hemolytic anemia, 13-15,
16, 22, 28, 116-117, 141
and resistance to malaria, 151,
152-153
test, 14, 15
Gahmberg, Carl, 83
Gallbladder cancer, 263
Galton, Sir Francis, 180
Gangrene, in diabetics, 153
Gastric cancer, 132, 263

Gastroenteritic diseases, HLA ge-
netic markers for, fable 65
Gastroenteritis, 38
Gauguin, Paul, 272
General Motors Corporation, 118
Genes, 18-21, 165-168
alteration, 274-276
combining good and bad ef-
fects, 145-153, 157-158, 243
defective, pinpointing of, 218
effects on other genes, 166-167
identification of, 20-21, #/{us.
217, 218
mapping of, 20
number in human cell, 19, 145
products of, 18-19, 20, llus. 21
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210-211, 223, 224-225, 231,
233, 242
interaction in disease, 11, 14,
22, 24, 40-41, 67-70,
84, 87-88, 101, 153, 155-
158, 196-199, 201-203, 210,
265
interaction in physical traits,
examples, 168-174, tllus. 173
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66

for obesity, 125-127

pepsinogen 1, 16, 131-132

for pernicious anemia, table 65,
133

phaeomelanin, 95-96

for PKU, 175, 228-229

proteins as, 21, 215-216,
218-219

for pulmonary diseases, table
66

for renal diseases, fable 67
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COSLS

k323 ]



INDEX

Health education, 45
Health insurance, 257-258
rates, 30
Heart attacks, statistics, 24
Heart disease, 16, 23-24, 39, 48,
87
cholesterol and, 24-27
coronary, 23, 24, 26, 27, 28
death rates, 24, 86
in diabetics, 155
environmental factors, 23, 24
genetic component of, 24-27
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susceptibility to, 23, 29
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HLA
Huntington’s disease, 211-212,
270, 272
Hydralazine, 140
Hydrocarbons:
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156

Kellermann, Gottfried, 82, 84-85

Keloids and thick scarring, table
65

Kety, Seymour, 195-200

Kidney cancer, 96-97
genetic markers for, table 66,
97
Wilm’s tumor, 192
Kidney disorders:
in diabetics, 155
HLA genetic markers for, table
67
hypertension as marker for, 28
“Killer genes,” animal studies,
241
King, Mary-Clair, 94
Klinefelter's syndrome, 100
Kolsrud, Gretchen, 44
Korsgaard, Rolf, 82-83
Kouri, Richard, 84

Lactose, cellular digestion of,
171-174, tllus. 173
Lactose sensitivity, 129
Lappé, Mare, 255-256
Laryngeal cancer, 83
LDL (low-density lipoproteins),
25-27
and heart disease, 25-27, 29
Lead, 106, 107, 116
Learned behavior, 177-178
Learning, 206
neurotransmitter for, 207
Learning disabilities, 228
Legislation:
on drug sensitivity testing
(South Africa), 135
on PKU screening, 248-249
safeguards, 256-257
on sickle-cell trait screening,
250-251, 256
Leiden University Medical Cen-
ter, Netherlands, 78
Leprosy, table 66
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New England Journal of Medicine,
256

New York Blood Center, 75

New York Hospital, 235

Newborn, genetic screening of,
256

for PKU, 175-176, 229,

248-249, 250-251, 252, 255

Newton, Sir Isaac, 271

Nickel, 106, 108

NIOSH. See National Institute of
Occupational Safety and
Health

Nixon, Richard M., 250

Nomura, Abraham, 132

Norepinephrine, 207

Normotensive hypertrophic car-
diomyopathy, table 67

Notkins, Abner, 156

Numerical ability, 226

Nurture vs. nature controversy,
165-165, 166. See also Genes
and/or environment

ob (obese) gene, 125
Obesity, 123-127
childhood diet and, 124
and diabetes, 155
dietary factors, 123, 124
genetic factors, 125-127
and HDL and heart disease,
27, 29
hormonal imbalances and,
125
Ocular histoplasmosis, table 66
Office work chemicals, 105-106
Oils, industrial, 107, 120
Old age, 42-43, 45-46
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65
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93-94
intoxication, 200
Origin of Species, The (Darwin),
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Orthomolecular medicine, 45
Owvarian cancer, 263
Overweight. See Obesity
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Ozone, 116-117

Pancreas, 156, 201, 275
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Peptic ulcers, 16. See also Ulcers
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Pernicious anemia, fable 65, 133
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Phenotype, 165
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134-135
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188
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examples of gene-environment
interaction, 168-174, 1llus.
173
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Physicians, 46-47, 266-267
future role of, 265-266
Piaget, Jean, 191
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174-176, 222, 227, 228-229,
230, 250-251
genetic markers for, 175,

228-229
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recurrence risk, 267
testing for, 175-176, 229,
248-249, 250-251, 252, 255,
256
Plague, 34-36
Plague, The (Bocklin), 34
Plague of Justinian, 34
Planck, Max, 243
Plasmodium parasites, 149-151
Plastics industry, 108, 110
Platonic view of disease, 32,
38-39, 41
Plomin, Robert, 232-233
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Poe, Edgar Allan, 271
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Pollution, 16. See also Air pollu-
tion; Toxic chemicals
Polycyclic hydrocarbons, 81, 85,
86
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Polyps, colon, 98-99
Porphyria, 135, 158
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67
Potts, Sir Percival, 9
Predictability, behavioral, 233
Predictive medicine, 45
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44-46, 50-51, 246
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48
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95
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215-216, 218-219
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interaction with genes, 20
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211-213
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Psoriasis, table 64, 72
Psoriatic arthritis, table 67
Psychiatric problems. See also De-
pression; Manic depression;
Schizophrenia
of alcoholism, 202
HLA genetic markers for, table
66, 215
low MAO levels observed,
209-210
predisposition for, 254, 255,
271
Psychiatry, 45
Psychoactive drugs, 208
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behavioral, 164, 183
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to, 212-213

Psychotic depression, 213-214

PTC (phenylthiocarbamide),
134-135

Public health medicine, 45

Pulmonary diseases, HLA genetic
markers for, table 66. See also
Lung diseases

Pulmonary embolisms, 141

Pulseless disease, table b4

Pythagoras, 12, 14

Racial inferiority, theories of,
164-165, 225, 230-231, 236,
247

Radiation. See also Ultraviolet ra-
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95-96, 102, 103
sensitivity to, 96
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Retardation. See Mental retarda-
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Sterilization programs, 223
Stevenson, Robert Louis, 272
Stigmatization, dangers of, 238,
244-245, 252
Stillbirth, 154
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Harsanyi and Hutton also explore the many
potentially explosive issues focusing around
genetic research. These include the possible
misuse of genetic information by employers
or government, and, as it becomes literally
possible to build a whole new breed of
humans, the Pandora’s box of genetic engi-
neering and manipulation and how both
must be monitored for human safety.

This landmark scientific inquiry reaches into
the lives and futures of every one of us.

The book includes a national directory of
clinics and labs where genetic tests can be
done.
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