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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)



VAT

22222222222






GENETIC
PROPHECY:
BEYOND
THE
DOUBLE
HELIX



RAWSON, X/ADE PUBLISHERS, INC.
NEW YORK



L_. 5 2 I. AE St i) = _II* mmlme e S

W',;’/V}J

GENETIC
PROPHECY:
BEYOND
THE
DOUBLE
HELIX

h
Dr. ZSOLT HARSANYI

| RICHARD HUTTON



Library of Congress Cataloging in Publication Data

Harsanyi, Zsolt, 1944-
Genetic prophecy: beyond the double helix.

Includes bibliographical references and
index.

1. Medical genetics. 1. Hutton, Richard.
I[1. Title. [DNLM: 1. Genetics, Medical.
QZ 50 H324b)

RB155.H36 616042 80-5989
ISBN 0-89256-163-7 AACR2

Copyright @ 1981 by Dr. Zsolt Harsanyi and Richard Hutton

All rights reserved.

Published simultaneously in Canada by McClelland and Stewart, Ltd.
Manufactured in the United States of America

Composition by American-Stratford Graphic Services, Inc.
Brattleboro, Vermont

Printed and bound by Fairfield Graphics,

Fairfield, Pennsylvania

Designed by Jacques Chazaud
Illustrations by Hugh Thomas

First Edition









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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Our deepest gratitude to those who helped us throughout
our work. We wish to thank especially Susan Allison and
Noel Gunther, for their careful, constructive criticism and
their enthusiasm for tearing apart chapters that we had so
painstakingly created; Marianne Harsanyi, for countless in-
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
Panke, and Beverly Smith, who worked long and hard to
type and proofread the manuscript.
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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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