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SEARCH

EMBARKING

This firstissue of SEARCH: The Rockefeller University Magazine,
is launched in the true spirit of exploration. It is to be a quarterly
magazine, issued with the seasons, attempting to discover and
then convey the importance and excitement of research and
education—particularly biomedical research—in contempo-
rary American society.

This is not the first magazine published by this university.
During its nine decades, The Rockefeller University has spon-
sored numerous publications. They were unfailingly right for
their fimes, served their purpose, and, when times changed,
they retreated fo the archives.

The times now are right, we believe, for this magazine.
Biomedical research and education accelerate in complexity,
cost, and importance. For this university, the fimes cry out for
a publication that can explain simply and thoroughly to our
friends the research revolution going on here and elsewhere,
and place it in perspective.

We have compiled our initial mailing list from a variety of
sources. We hope you receive this magazine at your correct
address, that you will enjoy it, and share it with others. If you
would prefer not to receive if, please let the editor know and
she will promptly remove your name from the list.

If you have comments about the magazine, we would be
glad to hear them. We want the magazine to enlighten in an
enfertaining way. VWe want it fo be atiractive, and sometimes
provocative. And while we hope it will spur some to join The
Rockefeller University community as financial supporters, we
don't wish to be obtrusive in communicating our needs.

You, our readers, are the best judges of our performance.
We invite you to be our critics.

David Baltimore, President
Alfred G. Kildow, President's Assistant for Communications

ON THE COVER

A view of a three-millimeter portion of the area of the brain
responsible forvision. The blue patches show cells that process
color information. The red and green areas contain cells that
are not selective for color, but rather for orientation. The image
is colored artificially by computer. (See story on page three.)
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EDITORIAL

THE DECADE OF THE MOUSE

When it comes to disease, the lowly mouse, a pestto many, is man's
and woman'’s best surrogate. Although so different from us—four-
footed, not very intelligent, a life span of two or three years, a
gnawing rodent—it is @ mammal and therefore much closer to us in
evolution than a worm or a fly or a fish or a bird. But flies and worms
have great advantages when it comes to doing experiments: they
breed rapidly and are relatively inexpensive to keep in large
numbers.Those two traits mean that they lend themselves to analysis
by the most powerful tool a biologist has, genetics Todo genetics
requires large numbers of organisms, a few of which will have altered genes, and a way
of rapidly analyzing the genes by selective breeding. To do fancy, modern genetics requires
an ability to add and subtract genes.

The mouse as an experimental organism fails on two basic counts: a new generation
requires months of waiting, and the animals are available in limited numbers because they
are so costly to maintain. But recently new experimental capabilities have altered the
situation. We leamed about five years ago how to add genes to a mouse, and we learned
over the last two years how to subiract genes. This last capability is still rudimentary, but is
being improved rapidly. Together, these new approaches have compensated for the slow
breeding and cost of mice, and promise to make the 1990s The Decade of the Mouse.

The recombinant DNA revolution of the last fifteen years provided us with the skills to isolate
genes at will from a mouse (or a human, for that matter) and to alter them to order. Now that
we can add or subtract them at will, a major problem posed by the mouse is no longer an
issue—we do not need the impossibly large numbers previously required to find one with
a given altered gene. We just alter the gene as we wish. This capability is sufficient to make
many investigators willing to cope with the long breeding fime and great expense of mice
in order to gain the advantage of working with a true human surrogate. Human genetic
diseases are, one by one, being mimicked in the mouse, providing an invaluable tool for
understanding and treating disease.

The genetically altered mouse provides the ideal tool for investigating the functions of all
mammalian genes, whether or not they have been associated previously with disease.
Already, genes involved in the development of a fertilized egg into an aduli—genes active
in both mice and humans—have been altered and their roles defined by examining the
defective mouse embryos. Genes involved in the functioning of that most comp|ex system of
our bodies, the nervous system, are soon to follow.

For experimental biologists, this adds up to a future of fulfillment of our mostfanciful dreams.
We can analyze the effect of a normal or altered gene in the context of a complete, living
mammal. /

The institutional consequences of this new technology are profound. We need to revivify
old skills like animal pathology. We need to build new mouse facilities to house the animals
who will show us the genetic roots of human bioclogy and human disease. We need
investigators willing to invest the years of preparation required to generate the altered mice.
We need new resources for these very expensive experiments. Fully realizing the potential
of The Decade of the Mouse will test both our institutional flexibility and America’s
commitment to rapid progress in health research.

DR

DAVID BALTIMORE, President, The Rockefeller University




HOW WE SEE

by Sana Siwolop

Since the mysteries of the brain are too
difficult to tackle all at once, most neurobi-
ologists have narrowed their studies to focus
on one of the many complex functions that
the brain performs. For Rockefeller neurobi-
ologist Daniel Ts'o, that focus is vision—the
precious and remarkable ability of our brain
together with our eyes to see and perceive
light from the world around us. In the gradual
unravelling of the secrets of vision and the
brain, perhaps the most fruitful research has
centered on the visual cortex—the region of
the brain that is the processing center for
information received from the eyes. Ts'o's
special contribution to the field has been to
develop and employ new experimental
methods combined with computer technol-
ogy fo understand how brain cells in the
visual cortex interact and cooperate with
each other. Says Ts'o, “The way that cells in
the visual cortex cooperate and signal each
other is what makes the visual system work.”

What fascinates Ts'o is that the visual
system is so complicated, yet seeing is so
deceptively simple. “The amazing thing
about vision is that we see and recognize
objects so easily—look, here's a desk,
here's a chair,” says the California-born
scientist. “And yet if an engineer were to
begin fo try to build a machine that can see,
itwould become obvious that vision is a very
difficult thing to do. Even the most sophisti-
cated present-day computer has a hard time
recognizing letters, let alone reading and
interpreting literature.”

The brain’s visual system, Ts'o explains, is
very much more complicated than an ordi-
nary TV camera. “That is because the brain
actually has to recognize objects and make
sense of the visual world, rather than just
relay pictures. It's frue that if you look at how
cells in the refina of the eye respond to a
visual scene, they only see spots of light,
much like a TV camera,” says Ts'o. “But a
remarkable change happens in the primary
SANA SIWOLORP is a freelance science writer living in New

York City. She has been a reporter for Discovermagazine, and
a staff writer for the Science and Technology section of

Business VWeek.
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HOW WE SEE

Above: Color-enhanced view of the second visual cortical
area (top), with stripes (shown in blue) that are sensitive to
spatial frequency (whether an object is large or small).
T S T
Previous page: Optical map of orientation selectivity in a
seven-millimeter portion of the visual cortex. Each different
patch of color indicates a region of cells that is selective for
a particular orientation—horizontal, vertical, or oblique.

visual cortex,” the first stage of processing in
the brain. “Cells no longer respond just to
spots of light, as in the refina, but rather to
the edges of light and dark that form the
borders of an object, and only at a certain

angle, whether vertical or horizontal or in

between.”

To make his point, Ts'o picks up a pencil.
"Cells in the visual cortex are particularly
interested in the borders of this pencil and at
what angle they are positioned,” he says.
ToTs'o, the fact that the primary visual cortex
can respond selectively fo those borders
was "the first clear evidence that the cortex
does very sophisticated processing” of visual
information, rather than merely receiving it
like a TV screen. The implication is that the
visual cortex begins to break down a visual
scene info distinct objects by defecting the
angled lines that form the borders of the
objects. Interestingly, more than a century
ago, the Impressionist painter Vincent Van
Gogh painted pictures that were composed
entirely of litfle, angled lines of color. Perhaps
the famous Dutchman had an intuitive sense
of how the visual cortex analyzes the visual
world.

Ts'o has spent fen years charting that
portion of the brain, first as a graduate
student in the laboratory at Rockefeller of the
pioneering, Nobel Prize-winning neurobi-
ologist Torsten Wiesel, and now as a thirty-
fouryearold assistant professor at the uni-
versity. His research is an effort to carry
forward the work that Wiesel, in collabo-
ration with Harvard neurobiologist David
Hubel, began some thirty years age, when
they discovered the first architectural prin-
ciples of the visual cortex. But Ts'o has
added a special contribution of his own.
Drawing on a long-standing interest in
electronics and computers, Ts'o has come
up with a number of computerbased tech-
nologies that have given the research work
powerful new tools to study the visual cortex.
Says Wiesel, “Dan has the skill and training
to use the computer like you'd use a pen. He
represents a new generation of systems

neurobiologists.”

Ts'o is, in fact, a rare hybrid, part biolo-
gist, part computer scientist. The son of
immigrants who fled southern China during
the Communist takeover, he first tinkered
with computers as a teenager growing up in
Baltimore. later, as an undergraduate at
Harvard, he started out studying mathemat-
ics, then switched to biochemistry, and
finally to neurobiology. “Somewhere along
the way, | fell in love with the immediacy of
physiology,” he explains. "You give a
stimulus, and the system responds. It's not
like biochemistry, where you do a manipu-
lation, grind up some tissue, then hours or
weeks later look for some sort of change.”

For Ts'o, the journey probing the secrets
of the brain began when he joined Wiesel's
lab after graduating from Harvard College
with an undergraduate degree in electrical
engineering. He spent much of his time
building a computer system that permitted
the display and analysis of the threedi-
mensional shape of brain cells and their
wiring—unlike the flat, two-dimensional view
seen ina microscope. Butsoon Ts'o became
even more intrigued with how the brain
functions and is interconnected, and so he
enrolled in Rockefeller's graduate program,
with the Wiesel lab as his base.

During his graduate student years, Ts'o
employed another new fechnique, cross-
correlation analysis, to measure just which
brain cells were connected to which other
brain cells. Those studies revealed that cells
in the visual corfex form a buddy system:
cells that respond to lines and borders of the
same angle talk to each other, and cells that
respond fo the same color also talk to each
other.

No one knows how much more special-
ization exists among cells within the brain’s
visual cortex. Is it possible, for example, that
somewhere in the brain there is a cell so
incredibly specialized it can recognize a
specific object, say someone’s grandmother?
For years, researchers have mused over the
possibility of such a “grandmother cell.” But



most neurobiologists now doubt such a cell
exists. Says Ts'o: “The brain’s ability to
recognize a certain object or person prob-
ably depends more on the cooperation of
hundreds of thousands of brain cells, all
processing different aspects of visual infor-
mation, then pooling that information to-
gether.”

Unfortunately, it sfill is not easy to study
how large groups of brain cells work to-
gether. Even a highly sophisticated imaging
technology such as positron electron
tomography (PET) does not provide a de-
tailed enough picture to study many of the
brain's anatomical features. The resolution
of these PET scans, for example, is typically
on the order of a centimeter or so. By
confrast, the columns of cells within the
visual cortex that Ts'o has been studying are
only fractions of a millimeter wide.

Until recently, researchers who wanted to
study the organization of the brain in more
detail had to stick a tiny electrode into
dozens of different places in the brain,
measure the electrical response of individual
brain cells to visual stimuli, then piece all this
information together. To find a better method,
Ts'o pursued another imaging technology
by working as a postdoctoral fellow in the
laboratory of Amiram Grinvald, a visiting
professor at Rockefeller from the VWeizmann
Institute of Science in Israel. Called “optical
imaging,” this technology maps brain activity
by monitoring changes in optical proper
ties—or light signals—that occur when the
brain is active.

Optical imaging used to have a major
drawback: it traditionally relied on the use
of certain potentially toxic dyes to produce
the optical signals needed for the technique,
and thus carried the risk of damaging brain
cells. However, Ts'o and Grinvald were
able to refine the technology to use optical
signals that occur naturally in the brain, and
therefore eliminate the need for toxic dyes.
Says Ts'o, "It still amazes me that without
adding anything foreign, in a matter of five
or fen minutes you can get a detailed picture

of the patterns of brain activity and structure,
information that previously took weeks or
months of work.”

Now, as an assistant professor, Ts'o has
already used this new version of opfical
imaging to collect hundreds of different
portraits of the visual cortex within his com-
puter. With a few taps on the keyboard, he
can call up these pictures ort his computer
screen. One shows a polka-dotted pattern
of cells that respond to color. Another pic-
ture is full of colorful squiggles; each squiggle
represents a group of brain cells that likes to
see lines and borders at particular angles,
whether vertical, horizontal or in between.
Still another shows a bold pattern of two
alternating bands, light and dark, corre-
sponding fo cells that are connected to the
two eyes, left and right.

Over the next few years, Ts'o hopes to
refine optical imaging technology so that it
can be used fo study visual processing while
a behavioral task is carried out. Eventually
the technology may make its way into the
operating room; a few neurosurgeons have
already asked Ts'o about the technique. At
the moment, this new method of opfical
imaging is helpful to Ts'o and his colleagues,
Charles Gilbert and Torsten Wiesel, in their
studies probing the workings of the next
stage of visual processing in the brain,
beyond the primary visual cortex. These
studies have already revealed an elaborate
and rich organization in the brain for han-
dling the form and color of obijects, as well
as their position in depth or distance from an
observer. :

The task of revealing the brain's mysteries
may seem foo difficult at times. But Ts'o feels
he has been given a special mandate. His
father, a researcher studying the chemistry
of genes, once fold him, "My generation
will solve the secrets of the cell and the gene.
It is up fo your generation to solve the secrets
of the brain and the mind.” Ts'o and his
colleagues continue fo press on, with new
and powerful tools that promise to make the
work easier.

YINREYO HAIVY A8 HAVIOOLOHd

Daniel Ts'o studies an optical map of the visual cortex,
photographed using the special camera seen on the right.

To the left is an operating microscope.
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WHAT CAUSES CANCER?

by Susan Blum

To grow, or not to grow? That is the ultimate
question for each cell in the body.

A complex biochemical communications
network tells a cell how, where, and whether
to grow and multiply in response to the body's
needs. Is the body sfill growing? Then cell
multiplication must exceed cell death. Is the
body full grown? Then cell birth and cell death
must be balanced. Is a tissue injurede Then
many new cells are needed—and quickly.

While the message varies according fo factors like these, one
thing remains constant: its communication is normally under sfrict
control. But the regulation can break down, and when it does, the
result can be deadly. For, as Rockefeller scientist Bruce Mayer, a
thirty-year-old postdoctoral fellow, explains, “cancer is caused by
normal growth control mechanisms gone awry.”

Why this happens used to be one of science’s most perplexing
questions. “Ten years ago, if you'd asked cancer researchers why
a cell was growing out of control, they'd have said, "We have no
idea.” Today, we can say, ‘This is wrong, and that is wrong.” And
a lot of our understanding has come from what we have learned
about oncogenes,” Mayer says.

Oncogenes are once-normal genes that have changed in a way
that can make a cell cancerous. They can be fransmitted to a cell by
avirus, or arise directly within a cell. To understand how oncogenes
confribute fo cancer, it is important to recall that genes contain a DNA
code that provides instructions for making proteins. And it is mainly
through proteins that cellular messages are communicated, includ-
ing the message to grow.

The signalling chemicals the body sends when it is time for a cell
fo grow, the receptors that register the signals, the messengers that
transmit them to the nucleus, and the “transcription factors” that help
implement them—all these are proteins, each one coded for by a
different gene.

"Growth pathways are very complicated, so a lot of genes have
the potential to be oncogenes in a cerfain cell at a certain time,” says
Mavyer. In fact, he reports, most of the more than fifty oncogenes
whose functions are known have turned out to code for proteins
involved in growth pathways. Many other oncogenes with as yet
unknown functions are also believed fo be involved in growth.

Mayer has been studying oncogenes since coming to the
university as a graduate fellow in 1984, when he worked in the lab

SUSAN BLUM is a science writer in The Rockefeller University Public Affairs Office.

Le

Below, left: Bruce Mayer pursues the puzzle
of why normal cells turn cancerous. Op-
posite page: The protein Mayer studies is
indicated by the white areas in this computer-
generated microscope image of a cell.

of Hidesaburo Hanafusa, a major figure in oncogene research.
Among Hanafusa's contributions is a greater understanding of the
oncogene, called “src,” first identified in the early 1970s in the virus
isolated by Rockefeller’s Peyton Rous in 1911, So it was fitting that,
while working, in Hanafusa's lab, Mayer studied the oncogene
contained in CT-10, a virus isolated at the university in 1927—and
then forgotten.

The virus became more memorable when Mayer re-examined it
using the theories and techniques of modern molecular biology. Like
many other scientists doing basic cancer research, Mayer looked at
how cells in culture can be transformed, and how they can develop
abnormalities in shape, mobility, and other characteristics that make
them good models of cancer in humans and animals.

Mayer found that the oncogene in the CT-10 virus, called “crk,”
coded for a protein that transformed normal cells by changing the
activity of other proteins. This was surprising because the crk protein
had no “business end"—no region that could account for its function.
Whatit did have was two domains, or regions, called SH2 and SH3.

Because similar, though not identical, domains are also found in
a number of other growth pathway proteins—including some that
can become oncogenic—Mayer and his colleagues believed they
might be conferring a function in @ modular way. “The question was,
what function2” he recalls.

Mayer pursued that question when he became a postdoctoral
fellow in David Baltimore's laboratory at the Whitehead Institute in
Cambridge, Massachusetts. To do so, he studied the SH2 and SH3
regions of the protein coded for by the “abl” oncogene. A form of
this oncogene is found in the Abelson murine leukemia virus which,
as its name implies, causes leukemia in mice. Another form of the
oncogene, one that arises through nonviral mechanisms, is associ-
ated with the human disease of chronic myelogeous leukemia.

Mayer found that abl’'s SH2 domain bound to proteins of a
particular Kind, called tyrosine phosphorylated proteins. This was
significant because these kinds of protein play a crucial role in
growth pathways. Meanwhile, researchers elsewhere were discov-
ering the same function for the SH2 domain in other proteins.

Now back at the Rockefeller, where Baltimore is moving his lab,
Mayer is working to identify the tyrosine-phosphorylated protein that
most strongly binds to abl’s SH2 domain. “Because it binds with the
greatest avidity, this is the protein that is most likely to be physiologi-
cally relevant, both in terms of what the normal abl protein might be
doing and how the oncogenic protein might be transforming cells,”
he says.

As a first step in the process, Mayer is purifying the SH2-binding
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WHAT CAUSES CANCER?

profein. When he has enough of it, he plans to locate the gene that
codes for it, using the techniques of genetic engineering. With the
gene in hand, he will be able to determine the protein’s entire amino
acid sequence—a first step toward defermining its form and
function.

Another of his projects is to explore the relationship between abl's
SH2 and SH3 domains. “The SH2 domain seems to be the part that's
required for transformation, while the SH3 domain seems to inhibit
or regulate its function,” says Mayer. Indeed, it is mutations or other
changes in the part of the gene coding for the SH3 domain that can
change the abl protein’s normal function (which is still unknown) into
a carcinogenic one.

To study the interactions of these two domains, Mayer is working
with computer models of the regions produced by colleagues in the
Baltimore lab. “The models help clarify your thinking,” he said. “They
give you a feel for which parts of the protein may be important.”

He is also also inducing bacteria to produce the SH2 and SH3
domains, then “putting them through their paces” by making
mutations and observing the effects. “Basically, it's a submolecular
dissection of how this region of the profein is put fogether and how
itworks,” Mayer says. “We wantto understand it as a litfle machine.
What's this here fore What does that do2 What happens if you
fiddle with ite Then we'll do structural analyses of the mutations that
don’t bind, to see what is different and, by extension, what is
critical.”

Mayer and his colleagues hope some of these investigations will
eventually move from the test tube to the living organism.

Researchers in the Baltimore lab have engineered in mice a
mutated form of the abl oncogene taken from human chronic
myelogenous leukemia (CML) cells. The mice carrying this mutated
abl oncogene develop a disease that closely resembles human CML.
By studying how SH2 and SH3 mutations affect the oncogene's
ability to cause CML in mice, it may be possible to gain important
insights into how the human disease develops, and how it might be
freated.

These advances will not occur overnight. But the basic research
itself keeps Mayer committed."How is a cell stimulated to grow, or
not to2” Mayer asks. “It's a fascinating question, one that's relevant
not only to cancer, but fo development, too. How do you get an egg
fo grow info a recognizable human being? Some of the cells have
fo grow at the right time, and others not.

“To me, this is simply the most interesting question in biology,
Mayer says. “Why the cell grows, and why it doesn't.”

Is

The Making of an Oncogene

Oncogenes are normal genes somehow gone wrong.

Retroviruses can cause genes to change in ways that contribute
to cancer. Retroviruses are unusual viruses that carry their genetic
information in the form of RNA (ribonucleic acid) rather than DNA
(deoxyribonucleic acid). As part of their life cycle, retroviruses
are integrated info cellular DNA. While there, they may incorpo-
rate a cellular gene or interact with its normal regulatory
mechanisms.

The normal cellular gene is known as a proto-oncogene. It
becomes an oncogene when its association with the virus
changes itin a number of possible ways, all related to the protein
for which the gene codes. The change may cause the protein to
be produced at a higherthan-normal rate, or it may alter the
structure of the protein itself. Either way, the change can help
make the infected cell cancerous. In addition, viruses that
incorporate the oncogene can transmit it to other cells.

Oncogenes can also arise by means other than infection. A
proto-oncogene may be mutated by radiation, chemicals, or
spontaneous DNA changes. In this case, too, the cell is pushed
toward becoming cancerous by changes in the nature or pro-
duction of the protein for which the gene codes.

Oncogene-containing viruses are associated with many ani-
mal cancers, but the case for viral involvement in human cancers
is much less clear. The human T-cell leukemia retrovirus and the
Epstein-Barr, hepatitis B, and papilloma viruses (DNA viruses that
work differently from retroviruses) are known to be linked with
cancers in humans. But so far, most of the major forms of human
cancer do not seem associated with viral infection and may
depend more on oncogenes that arise in the cell.

Whatever their source, oncogenes are not the whole story in
cancer. Other genes, called anti-oncogenes, normally work to
suppress cancerous changes, and scientists now believe that
they, too, must be mutated or suppressed in some way before
cancer develops. Moreover, it seems very likely that more than
one oncogene must be activated, and more than one anti-
oncogene deactivated, for cancer to occur.



FROM ROCKEFELLER'S PAST

PEYTON ROUS, INQUIRING NATURALIST:
CANCER AND THE SARCOMA VIRUS

by Carol L. Moberg

Eighty years ago, a young Rockefeller scientist
named Peyton Rous discovered that a virus can
cause cancer. This finding challenged half a
century of research and 2,500 vears of as
sumptions about cancer as a spontaneous,
noninfectious growth. Yet another half century
was needed to convince disbelievers that cancer
could be caused by a virus, and fo consolidate
much perplexing knowledge about viruses.

Rous was foremost a naturalist, who was
portrayed as “hungry for facts” by his Rockefeller
colleague René Dubos. A scrutinizing observer,
Rous did not passively witness nature. He gen-
erated opportunities where he could explore its
complex relationships. At age twenty, he re-
flected in a wildflower column he wrote for the
Baltimore Sun, “Naturally, in the strife for exist
ence all sorts of wiles are resorted fo.” Rous
attended Johns Hopkins Medical School at a
time when the origin of many diseases was a
mystery. Once he became a pathologist, Rous
admitted that “everything [he saw] had scientific
worth.” He described his naturalist’s affitude in
the tumor virus discovery—turning around Louis
Pasteur's famous phrase—as a matter of a “pre-
pared mind making its own chances.”

In 1909 Simon Flexner, director of The
Rockefeller Institute (now The Rockefeller Univer-
sity), asked Rous to take over cancer research in
his laboratory. Despite an early warning in
medical school from William Welch, “VWhatever
you do, don't commit yourself fo the cancer
problem,” Rous accepted Flexner's offer. Institute
researchers were then focused on acute infectious
diseases such as pneumonia. Experiments con-
cerning degenerative diseases like cancer were
considered unproductive by the scientific com-
munity. Rous enfered a laboratory where the
study of viruses was just beginning, vet, within
two vears, Flexner isolated the virus that causes
poliomyelitis, and Rous found a virus that causes
a sarcoma fumor.

The sarcoma story began by chance. A pouliry

CAROL L. MOBERG, research associate at Rockefeller, is co-
editor with Zanvil A. Cohn of launching the Antiobiotic Era
(The Rockefeller University Press, 1991). Her current work in-
cludes writing an annofated bibliography of the works of
René Dubos.

breeder brought fo the Insfitute a valuable,
purebred Plymouth Rock chicken bearing a large
breast fumor. Rous was the only Rockefeller
scientistinterested in the problem. ‘| fransplanted
the growth as an aside,” he recalled, info some
healthy blood relatives of this hen, and they
developed the same spindle-cell sarcoma. This
was the first known case of the transfer of avian
tumor cells from one bird o another.

*About a vear after growing this thing,” Rous
reported, ‘I began to make experiments on
whether an inciting agent could be separated
from it.....There might be something in that tumor
which was different.” So Rous inoculated other
chickens with a filtrate of this tumor, from which
he removed dll cells, including cancer cells.
Sarcoma tumors grew exacily like the original,
and Rous concluded that a virus, too small to be
seen with the microscopes of the day, was the
cause. What he called the “tumorproducing
agent” is now known as Rous sarcoma virus, or
RSV. Rous turned a chance experiment into
revolutionary observation about nature.

Reactions to Rous's findings were violent and
critical. All previous experience was against o
viral hypothesis of cancer causation, though dll
Rous's evidence was for it. Other scientists dis-
missed the disease as an inflammation peculiar
fo chickens. A visiting Englishman scoffed af
Rous, “Why, my dear fellow, it can’t be a tumor.
You've found the cause.” In 1922 Rous re-
marked, “Their offish attitude still goes on...their
position [is] impregnable.”

Discouraged even further by his unsuccessful
attempts to cultivate the virus, Rous admitted it
“nearly broke me down,” and he warited to
abandon tumor work. Flexner sympathized, say-
ing, “The next most imporfant thing to a good
problem is knowing when fo quit it.” Rous spent
more than a decade on other fruitful research. His
curiosity about cancer, however, kept him poised
fo perform a “concrete experiment” with the virus
that would prove his theory about the infectious
nature of this disease.

In 1932 a major barrier to belief in Rous's
theory fell when Rockefeller colleague Richard
Shope discovered a virus-caused tumor in mam-
mals. Rous resumed tumor research on these
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Peyton Rous (1889-1970), a Rockefeller pathologist and
Nobelist, isolated a virus in 1911 that can cause cancer.

Shope papillomas. “Watching and listening to
him,” close Rockefeller associate John Kidd re-
membered, “you perceived at once that the
tumor was an evolving biological entity, a part of
nature now gone wrong."

Forthe next thirty years, Rous and his colleagues
kept the viral theory of cancer causation dlive.
They discovered that normal cells become can-
cerous in several stages, and that viruses can
collaborate with carcinogens, such as far, to
induce certain types of cancer. Then, after the
1960s, molecular biclogists, chemists, and ge-
neticists found other viruses that cause some
human cancers. They also learned that viruses
act by invading the genes of normal cells. Later,
researchers isolated from the Rous sarcoma virus
an oncogene, or the gene that causes cells to
become cancerous. At long last, the young
investigator's discovery had advanced to a
dominant place in cancer research.

In 1965, a year before he was awarded the
Nobel Prize for finding the relation between
viruses and cancer, Rous characterized the para-
digmatic nature of his cancer discovery: Viruses
are on the down side of life; vet they yield
knowledge that soars.”
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NEW WAYS TO THWART
RESISTANT BACTERIA

by Susan Blum

The United States and the Soviet Union may be reducing their
nuclear forces, but there is still an arms race going on. It is the one
between humans and bacteria and, according to Rockefeller
professor Alexander Tomasz, “There is no sign of peace.”

In fact, at the moment the bacteria seem to be gaining. Once
easily controlled by a variety of antibiotics, many disease-causing
bacteria are becoming resistant to one or more drugs.

Take the case of the pneumococcus, a bacterium that can cause
pneumonia, meningitis, and middle-ear infections. With the infro-
duction of penicillin in the late 1940s, infections with this organism
were easily freated. Then, in 1967, reports out of Australia docu-
mented the emergence of a sfrain of penicillin-resistant pneumococ-
cus. Still, infectious disease experts were not overly concerned, for
they believed it highly unlikely the aberrant bacterium would spread.

They were wrong. In 1977, public health officials in South Africa
reported the outbreak of pneumococcal disease caused by strains
with a thousandfold-greater resistance to penicillin, and by the end
of the 1980s, Tomasz says, “penicillin-resistant pneumococci had
become worldwide pathogens.” The lafest evidence comes from
Hungary, where a report in 1989 showed that seventy percent of
the pneumococcal strains infecting sick children and nearly sixty
percent of those found in adults are resistant to penicillin—the highest
percentages found so far in the world.

Resistance figures like these are nothing new for another
bacterium, Staphylococcus aureus. Strains of this bacterium, which
can cause serious infections in hospital patients, first developed
resistance fo penicillin soon after the drug was infroduced; by now,
says Tomasz, “penicillin-resistant staph is all over the place.” To
counter the resistance, a related drug called methicillin was developed
in 1960; within five years methicillin-resistant bacteria could be
found in Europe, Japan, Australia, and the United States, and today
methicillin-resistant staphylococci are a major problem in many
hospital settings.

“These bugs fravel,” Tomasz says. “The rule seems to be that
whenever resistance is reported in some corner of the world, as time
goes by it will find its way to other parts of the world as well.”

The problem is compounded by the fact that many bacteria,
including pneumococci and staphylococci, are becoming resistant
to more than one antibiotic. Some, such as the enterococci (another
frequent cause of hospital infections) are resistant to all but one
commonly used drug—and some sfrains of enterococci have been
isolated that are resistant to that one, too.

It is not just the organisms’ geographic spread and increasing
multiresistance that are causing concemn. Researchers are equally
struck by the varied and sophisticated mechanisms bacteria have
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developed fo outwit their antibiotic opponents.

In pursuing the arms race, drug designers aim to destroy the
bacterium by “finding a target that is in the bug, but not in us,”
Tomasz explains. In response, the “bug” may use one of two counter
strategies: profect ifs target by preventing the drug from arriving, or
change the farget itself so the drug will not react with it.

Scientists have long understood many of the ways bacteria
achieve the former strategy. But only lately have they discovered the
newer, more complicated, and quite extraordinary measures bac-
feria such as pneumococci fake to achieve the latter.

Pneumococci need a sturdy cell wall to survive. Penicillin works
by binding fo (and thus blocking) the enzymes the bacteria use to
bring the wall's building blocks together. By changing the enzymes,
pneumococci have been able to foil penicillin, but at a price: they
also must change the cell wall components used by the enzymes.
According fo Tomasz, this strategy represents nothing less than “a
real evolutionary change, because so much more of the bacterial
physiology is involved.”

The implementation of this strategy is remarkable, indeed. “To
rebuild the target protein, pneumococci have borrowed big blocks
of foreign DNA from other, as yet unidentified bacteria,” Tomasz
reports. Moreover, they must develop mutations in their “native”
genes, to direct production of the altered cell wall components.
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Methicillin-resistant staphylococci pursue similar strategies to outfox
their chemotherapeutic combatant, as do other bacteria such as the
one that causes gonorrhea.

Tomasz and his team of international researchers have made
major contributions to the current understanding of how antibiotic
resistance develops and spreads. For instance, the Rockefeller
group discovered the pneumococcus's ability to change its penicillin
target enzymes and build an altered cell wall, and, with collaborat-
ing labs in the United States, Britain, and Germany, showed how
a resistant strain can spread from one country to another.

Today, the team’s work on antibiotic resistance continues on a
numbser of fronts. The lab is the center of @ major project to document
the incidence of highly resistant pneumococci in the former Eastern
Bloc countries. “There is reason to believe the situation in Hungary
is just the fip of the iceberg,” Tomasz says. To gauge the extent of
the problem, Tomasz is coordinating a network of investigators in
Hungary, Czechoslovakia, Poland, Rumania, Bulgaria, (formerly)
East Germany, and the Soviet Union, who will collect and analyze
strains of pneumococci. A fund to support this effort has been
established by the university and Tomasz and his colleagues are
now garnering contributions for this vitally important infernational
research.

In the best of all possible worlds, such infernational cooperation

Many bacteria are becoming resistant to
antibiotics. Alexander Tomasz is on the
forefront of research exploring how  this
resistance develops and spreads.

would help curtail the major cause of antibiofic resistance:  the
overuse of the drugs in humans and animals. Whether for economic,
sociological, or cultural reasons, too many countries make antibi-
ofics too easy fo get. And unless all countries stop, none can be safe.
“It's an environmental issue. You can't handle it locally,” Tomasz
says.

But Tomasz believes such a unified stance is unlikely. That means
researchers must keep the arms race escalating to maintain control
on the bacterial battleground.

Fortunately, humans are sfill smarter than bacteria. The organisms
may have evolved more sophisticated resistance sfrategies, but
scientific understanding has evolved, as well. With the concepts and
techniques of molecular biology, it is possible to explore such
questions as how bacteria import foreign DNA, how they use it to
produce new wallbuilding enzymes, and how they mobilize and
mutate their own genes to accommodate the new conditions created
by the foreign imports. Tomasz believes the answers to these and
other questions will provide fundamentally new approaches to the
design of antibiotics

“Bacterial resistance will provide a new rallying point for molecu-
lar biologists inferested in basic research to join forces with people
concerned with public health problems,” Tomasz says. It is clear he
has high hopes for this new strategic alliance.
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REMODELLING PLANTS
TO FEED THE WORLD

by Catherine Vanchieri

New York City may
seem an unlikely
destination for a sci-
enfist who wants to
help launch a new
agricultural revolu-
tion. For biochemist
loreto  Holuigue
Barros, though, the
Rockefeller Univer-
sity campus  was an obvious choice.

In January 1990, Holuigue, age thirty-
four, began a postdoctoral fellowship with
Professor Nam-Hai Chua, whose work fo-
cuses on plant molecular biology. An em-
issary from the biological sciences faculty of
the Catholic University of Chile, in Santiago,
Holuigue has come to master the recombi-
nant DNA technology that is being used with
increasing success to genetically transform
plants, and that one day soon may transform
world food production as well.

Before that day arrives, though, Holuigue
and her colleagues must learn more about
the structure of plant genes and the molecular
mechanisms that regulate their activity—a
prerequisite for the strategic fransfer of genes
carrying desirable fraits from one species to
another. There is a lot fo learn. The genetic
endowment of plants may be even more
complex than the genomes of bacteria or
animals. It is certainly larger: a cell from @
string bean probably contains ten times
more DNA than a human cell.

For the most part, Holuigue works with
tobacco and a small weed known as
Arabidopsis thaliana, favorite laboratory
specimens of the plant molecular biologist.
One of her projects builds on a longterm

CATHERNIE VANICHER! is a science writer and fundraising writer in
The Rockefeller University Development Office.
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effort by Chua and his research team to
understand at the molecular, level how vari-
ous aspects of plant development and
function are regulated by light.

Scattered throughout the genetic material
of a green plant are DNA sequences that act
as lightresponsive switches: when the plant
is exposed tfo light, the genes associated
with these switches, or [REs (lightresponsive
elements), become activated. Having iden-
tified several IREs, scientists in the plant
molecular bioclogy laboratory are trying to
sort out the complex interactions that must
occur between these DNA sequences and
various plant cell proteins in order to trigger
lightregulated genetic activity.

To identify a few more pieces of this
molecular puzzle, Holuigue is studying a
mutant strain of Arabidopsis that undergoes
what are normally lightdependent devel-
opmental processes even when the plants
are kept in darkness. She makes her own
light-responsive genes by attaching various
[REs to a bacterial gene. After infroducing
these gene constructs into both mutant and
normal Arabidopsis plants, she compares
their activity to determine which LREs play a
role in normal development.

On a second major project, Holuigue
recently teamed up with Xiao-Feng’Qin, a
twenty-six-year-old scientist who is also far
from home. Qin arrived at Rockefeller in
October 1989 from the People’s Republic
of China, where a year earlier he had
earned a master's degree in molecular
virology and genetic engineering from the
Academia Sinica, in Beijing. A member of
the first research team to create transgenic
plants in China, Qin is one of a series of
investigators from the Academia Sinica who
have spent time in the Chua laboratory.

Both Qiin and Holuigue note that successful
young scientists in their homelands normally
fravel to the state-ofthe-art laboratories of
the United States or Western Europe to
augment their fraining.

Qin is especially intrigued by molecular
similarities in the biochemical and genetic
regulatory circuitries of plants and animals.
His collaboration with Holuigue is aimed at
delineating the series of molecular events
that occurs when a plant mounts a defense
response fo a bacterium, fungus, or virus.

More than ten years ago, researchers
discovered that exposure fo a pathogen
sometimes increases a plant’s resistance to
subsequent pathogen attack. A similar ef-
fect can be provoked by spraying even a
few leaves of a plant with salicylic acid, a
chemical closely related to common aspirin.
Recent evidence from other laboratories
suggesfs that endogenous salicylic acid
may play an important role in the plant
defense response, acling as a systemic
chemical signal that announces the pres-
ence of a pathogen and activates bio-
chemical defense mechanisms that consti-
tute the plantequivalent of the human im-
mune system.

Recently, Qin and Holuigue found that
several genes involved in the plant defense
system confain a regulatory sequence re-
sponsive fo salicylic acid. In studies with
fransgenic tobacco plants, they are working
fo trace the series of molecular signals that
begin with salicylic acid and result in the
activation of these plant defense genes. A
better understanding of this signal pathway
may provide clues for improving the plant
defense response.

Paradoxically, the salicylic acid produced
by plants in response to pathogen attack



Opposite, left: Loreto Holuigue and Xiao-
Feng Qin discuss Arabidopsis plants in their
laboratory’s rooftop greenhouse. Right:
Holuigue examines a tobacco plant. She
and her colleague Qin study genetically
engineered tobacco plants to unravel the
mechanisms plants use to fight viruses and
other pathogens.

may increase the infensity of some viral
infections. Holuigue and Qin have discov-
ered that the genetic material of several
common plant viruses contains the same
salicylic acid-responsive regulatory sequence
found in the plant defense genes. Future
studies in this laboratory will explore the
possibility that the presence of this sequence
in the viral DNA may play a role in the ability
of certain viruses to circumvent the plant
defense system.

In June 1991, Holuigue will return to her
post as an assistant professor in Santiago,
where she will continue her research, resume
teaching, and play a central role in devel-
oping her university's new program in plant
molecular biology. She believes that her
investigations of the pathogen defense re-
sponse, in particular, may have important
implications for Chile, which depends
heavily on agricultural productivity.

Holuigue points out how important it is for
developing nations to have their own sci-
entists who can interpret and contribute to
the biotechnological advances that are
helping to improve living conditions around
the world. Qin, who is applying to doctoral
programs at Rockefeller and other universi-
fies in the United States, also stresses the
importance of basic research, which will
provide the foundation for future advances
in plant engineering.

Before long, an intellectual harvest of
research by Holuigue, Qin, and their col-
leagues around the world may make it
possible to design new crop plants that will
withstand disease and unfavorable grow-
ing condifions, require less fertilizer and
fewer pesticides, produce higher yields per
acre, and offer increased nutritional benefits
to the world's rapidly expanding population.




RESEARCH IN NEW YORK:

A MANHATTAN SERENADE

by James M. Keller

Top: Marcia Simpson at work in a laboratory at The
Rockefeller University. Her research focuses on the gene in
fruit flies that determines where and in what shape body
parts are formed. Above: Relaxing after the rigors of labo-
ratory work, Simpson visits The Michael C. Rockefeller
Wing for Primitive Art at The Metropolitan Museum of Art,
within walking distance of the university.

Much of Marcia Simpson’s professional activity centers around the
intersection of York Avenue and Sixty-eighth Street. Simpson, age
twenty-seven, is a fourth-year student in the RockefellerCornell
M.D./Ph.D. program. For Simpson, this comer has come to
symbolize her career goals—the merging of scientific research and
medical practice: The Rockefeller University, with its emphasis on
biomedical research, extends to the south, and the New York
Hospital-Cornell Medical Center, a hospital and medical school,
occupies the expanse to the north.

During her first two years in the M.D./Ph.D. program, Simpson
spent most of her time on the Cornell side of the intersection, fulfilling
the basic medical school requirements that would lead to the Level
| medical boards. A fourweek subclinical internship followed,
during which Simpson made medical rounds with attending physi-
cians. “An internship of that length can’t make you an expert,” she
says, "but it can provide a flavor of various clinical areas.”

Simpson still crosses the street to Cornell for occasional classes
and seminars, or to discuss medical cases with her medical school
adviser, Comell's Dr. Roy Silverstein. She will return to Comnell’s
wards for a fifteen-month fotal immersion in medical studies at the
end of her training. But for the past year and a half, Simpson has
been engaged mostly in working towards her Ph.D. in the labora-
tories and libraries on the Rockefeller side of the street.

Herlab work these days focuses on pattern formation in Drosophila,
or fruit flies. She is studying a gene that contributes to the correct
formation of body parts in their proper locations. Simpson presented
portions of her research work in poster sessions at the Drosophila
Research Conference, sponsored by the Genetic Society of America
last spring in Monterey, California, and will do so again at the same
conference this spring in Chicago.

Molecular biology has not always been high on Simpson's list of
inferests, but she changed her mind when she encountered Claude
Desplan, an energetic young Rockefeller scientist doing research in
this area. "l was the second student to become seriously involved in
his projects,” reports Simpson. “Since then, three more students have
joined him, and in the past two years his lab has doubled in size.”
It is not unusual for that to happen around Rockefeller—a special-
ized, self-standing enterprise develops around the work of a single,
magnetic researcher.

What drew Simpson fo this program in the first place? “To start
with,” she explains, “there was the double-degree program, which
in six or seven years leads to both the M.D. and the Ph.D. This fit in
with my goals. Then, too, Rockefeller has a reputation for encourag-
ing students to devise their own customized educational programs.
The university provides the faculty and facilities and resources, but

In addifion to writing on the arts for Musical America, The Piano Quarterly, Hudson Valley, and
The New Yorker (where he works on staff], JAMES M. KELLER has written widely on pharmaceuticals
and biotechnology for public corporations.



doesn't dictate how the students have to use them. This makes the
students themselves responsible for their education, and | like that.”

And finally, there was New York City itself, with its unlimited
cultural and recreational opportunities. Simpson is a native New
Yorker who grew up in the City. “When | was in college at Amherst,”
she says, "I realized that if | were going fo commit to spending seven
years somewhere, New York was one of the few places that | knew
could sustain my interest that long. Don't get me wrong; | loved my
years at Amherst. But | knew that| wouldn't have much time for leisure
activities in an M.D./Ph.D. program, and | didn't want fo be
somewhere where |'d have to drive forty-five minufes just to get to
these activities.”

One would assume that a person leaming to be a research
scientistand a physician would have very little time for such activities,
but Simpson is much involved in the educational and cultural life of
New York. For a starter, there is her extracurricular science. During
her undergraduate summers and “winter term” each January,
Simpson was involved in an electron microscopy project at the New
York University Medical Center. Still fascinated by the project, she
often takes the short bus ride downtown to keep involved.

Then there is her physical wellbeing. “I run four or five times a
week,” she reports. Is this a leisurely jog, we wonder2 “Well,” she
continues, “a year ago | ran the New York City Marathon. Now I'm
taking a running class in Central Park with the New York Road
Runners Club. | also take advantage of the gym and the Nordic track
here at Rockefeller, so maybe I'll go for the Marathon again in ‘91."

Every now and then Simpson rewards herself with a trip to the
theater or to one of the City’s many museums. It is a pleasant stroll
from Sixty-eighth and York to the Frick Collection or the Metropolitan
Museum. More often, though, Simpson finds herself atthe Producer’s
Club, in the Broadway theater district, where she volunteers as an
associate producer for “Sneakers,” a professional rock group for
children.

"Sneakers puts on shows targefed at kids between three and
twelve years old,” she explains. “Our shows encourage kids to have
good feelings about themselves, and to help them appreciate
people who may have characteristics different from their own.”

Simpson will be getting married this August. In thinking about her
future in medicine and research, she reflects, “The whole field is
changing so quickly! I don't believe that the practice of medicine will
go on as we know if, with the enormous changes in people’s
affitudes and in society. Already there's a change in medical
education—towards more complete understanding of the patient,
as well as the disease. For me, the future may involve both
fundamental research and/or something resembling a medical
practice, which is why | chose this double-degree program in the first
place. Just how I will end up, | can't say for sure, but this | do know:
I'll be prepared for the opportunities, wherever they are.”
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Top, left: A marathoner, Marcia Simpson takes an early
morning run along the East River next o the university. Top
right: Simpson leaves New York Hospital and heads
towards Rockefeller across the street. Though currently
engaged primarily in laboratory research at the university,
she still spends time at Cornell, attending seminars and
classes, or discussing medical cases. Above: Volunteering
as an associate producer for the rock group Sneakers af-
fords Simpson the opportunity to work with children.




CAMPUS NEWS

EMIL THOMAS KAISER REMEMBERED

Rockefeller professor Emil Thomas Kaiser was a scien-
tist of tremendous creativity and originality. His re-
search focused on the chemical, physical, and biclogical
properties of profeins, and his work on synthetic
enzymes and other polypeptides advanced scientific
understanding in ways that had important implications
for medicine.

Kaiser's sudden and premature death in July 1988
from complications following a kidney transplant was
a blow to the entire Rockefeller community. “Not only
was Tom Kaiser a brilliant and innovative scientist, but
he also had a deep personal regard for his colleagues
and friends at the university,” said John Taylor, assistant
professor in the laboratory Kaiser founded in 1982.

Soon after Kaiser's death, members of the lab
planted an “October glory” maple free in front of
Caspary Hall to serve as a living tribute o his memory.
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The memorial plaque dedicated to Dr. Kaiser.

On December 3, 1990, the tree graced the path to a
day-long symposium held in Kaiser's honor, entifled
“Proteins: Design and Function.”

Organized by Taylor and Stephen Burley, assistant
professor and head of laboratory, the symposium was
attended by some 200 persons. It brought fogether six
scientists working in research areas directly related to
the design of new profein catalysts, Kaiser's special
field of interest. The speakers were David Eisenberg,
University of California, Los Angeles; William Lipscomb,
Harvard University; James Rothman, Princefon Univer
sity; Angela Gronenborn, National Institutes of Health:
William DeGrado, E.l. du Pont de Nemours and
Company; and Donald Hilvert, Research Institute of
Scripps Clinic.

Rockefeller’s president David Baltimore infroduced
the symposium saying, “The program for this meefing
very effectively traces Tom's development from a pure
chemist, to a biochemist, to one of the most audacious
and one of the first profein designers. Meanwhile, the
wonders of modern molecular genetics have made
amateur protein chemists out of many biologists such as
me, providing through DNA sequence a wedding fo-
gether of the black arts of biochemistry and cell
biology. Tom was at that inferface even before its
existence was recognized by most of us.”

As a complementary fribute to Tom Kaiser's career,
his former graduate students and postdoctoral col
leagues contributed summarized accounts of many of
his most important publications. These accounts, which
were presented in the symposium's program, provided

Le

Vice President for Academic Affairs James Darnell and
Bonnie Kaiser, widow of Emil Thomas Kaiser, at the
symposium held in Kaiser’s honor last December.

an eloguent description of the development of Kaiser's
research career from its early insightful contribution to
bioorganic chemistry, through ifs visionary period at
the University of Chicago, to the maturing stage that
was just beginning at the Rockefeller University before
Kaiser's untimely death at the age of fifty.

At midday, those assembled to remember Kaiser
and his work gathered outside Caspary Hall. There, in
the presence of Kaiser's widow, Bonnie, and his father,
Emil Kaiser, Sr., John Taylor dedicated the memorial
plaque in fron of the free that symbolizes the scientist's
enduring presence on campus.

FROM THE ROCKEFELLER UNIVERSITY PRESS

Almost everyone today owes his or her life or health to
freatment with an antibiotic. Infections that only fifty
years ago meant certain death can now be cured.
While much is known about the “miracle cures”
resulting from the use of antibiotics, very litile has been
published about how these drugs were discovered.
A new book, launching the Antibiofic Era: Personal
Accounts of the Discovery and Use of the First Anfibiot
ics, edited by Carol L. Moberg and Zanvil A. Cohn

René Dubos (above) discovered gramicidin, one of the first
antibacterial agents to be used clinically and produced
commercially. The fiftieth anniversary of Dubos’s discovery
was celebrated in 1989 with a commemorative symposium
atthe university. Launching the Antibiotic Erarepresents the
proceedings of that symposium.
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and published by The Rockefeller University Press,
brings together for the first fime the several human
accounts of the efforts that launched what is now called
“the antibiotic era.” Six pioneering scienfists describe
the excitement of a time in which one biological or
chemical triumph after another led to a fransformation
in the therapy of infectious diseases.

SCIENCE BRIEFS
DEVELOPING A VACCINE
AGAINST GONORRHEA
by Ruth Coxeter

It may be surprising fo learn that people have more
bacteria than cells in and on their bodies. Generally,
these guests seek to be commensal, or to live in
harmony with their host. At fimes, however, bacteria
invade the skin or mucous membrane, escape destruc-
tion by the body’s immune system, and cause infection.

Assistant Professor lee VWetzler's fascination with
this kind of host/parasite interaction brought him fo The
Rockefeller University to work with Professor Emil
Gotschlich in developing a vaccine against Neisseria
gonorrhea, the bacteria responsible for causing gon-
orthea. Gotschlich had already received the presti-
gious Lasker Award for developing a vaccine against
another Neisserial strain, Neisseria meningitidlis, which
causes meningococcal meningitis.

Lee Wetzler

Gonorrhea bacteria infect about one million people
in the United States each year, cosfing close fo one
billion dollars annually for diagnosis and treatment.
These figures may rise because of the increase in the
resistance of gonococci to penicillin, an antibiotic used
totreat it. In addition, it is suspected that infections such
as gonorrhea increase the likelihood of the transmis-
sion of AIDS.

Developing a vaccine against gonorrhea is not an
easy task. As humans appear fo be the only host of the
gonococcus, research using animal models is not
adequate fo test a vaccine. Methods of preventing the
infection may only be fesfed in humans. Weizler, age
thirty-four, working with Gotschlich and another univer-
sity scientist, Milan Bloke, has discovered what may
prove fo.be an effective vaccine against gonorrhea.
The team is currently planning a human trial of the
vaccine af The Rockefeller University Hospital. They will
innoculate about fifty volunteers with the vaccine.
This will test the ability of the vaccine to induce
immunity. This phase of the festing process will fake af
least one year. If successful, it would still take several

BINREYS HAVY




more vears of testing before the vaccine could be
placed on the market.

RUTH COXETER is a production editor for The Journal of Cell
Biology, published by The Rockefeller University Press. She is
currently working on her master's degree in English literature at
City University of New York.

SCIENCE BRIEFS
PREVENTING ENDOTOXIC SHOCK
by Susan Blum

The cells of the immune system work in a remarkably
complex way fo guard against infection and other
ilinesses. Generally the system's vigilance helps main-
tain health. But sometimes elements of the immune
sysfem overreact fo cause serious illness or even death.

That is what happens in endofoxic shock, a poten-
tially lifethreatening condition.

Endotoxic shock is particularly common in patients
hospitalized for cancer, AIDS, trauma, or surgery. It
occurs when cells of the immune system respond fo
endotoxins, molecules produced by gram-negative
bacteria. As part of this response, immune cells called
macrophages produce a flood of substances including
prostaglandins, leukotrienes, interleukin-1, and tumor
necrosis factor (TNF). An overabundance of these sub-
stances can cause a spiral of events that results in the
multiple organ failure and plummeting blood pressure
characteristic of endotoxic shock.

There is currently no treatment for endotoxic shock.
But research conducted by Samuel Wiight, age thirty-
eight, an associate professor at the university, is
pointing the way fo one new approach fo the prob-
lem—stopping the overproduction of TNF before it
begins.

Wright and colleagues at The Research Institute of
Scripps Clinic discovered that a special protein in the
blood, called IBP, combines with the endotoxin in
gramrnegative bacteria. The [BP/endofoxin complex
can then link up with receptors on macrophages. These
receptors, called CD14 receptors, directly or indirectly
trigger the TNF response.

Researchers had known about CD14 receptors for
many years. The surprise came when Wiright discov-
ered that rather than being “benign,” as had been
believed, the receptors are actually involved in the
chain of events that can lead to endotoxic shock. The
therapeutic implications of this discovery are exciting.
It may be possible to use antibodies directed against
the CDW recepfor and block ifs ability fo link up with
the [BP/endotoxin complex, thus shortcircuiting the
pathway to disease.

Wiright believes his discoveries may have implica-
tions for infections with gram-positive bacteria, as well.
These bacteria do not produce endotoxins, but can
produce reactions that are clinically indistinguishable
from endotoxic shock. Wright speculates that the
mechanism for this reaction may also involve the CD14
receptor and an overproduction of TNF. If that turns out
to be true, receptorblocking strategies may protect
against a wide range of potentially fatal threats.

Samuel Wright

PHILANTHROPY’S ROLE IN RESEARCH:
THREE CASE STUDIES
by Thom Hunfer

Members and guests of The Rockefeller University
Council learned firsthand of the impact of philanthropy
on scientific programs atthe university this fall. Featured
speakers af the October 4 program were representa-
tives of three philanthropic organizations and the
Rockefeller scientists whose work they have chosen fo
sponsor.

During the program, the philanthropists offered these
observations:

"Scientific research is simply not getting the financial
support that it needs."—Irene Diamond, President, The
Aaron Diamond Foundation.

‘It is important fo get your feet wet, not fo wait unfil
you know everything about an area, but fo seek advice
from people working in the field. '—Vincent McGee,
Executive Director, The Aaron Diamond Foundation.

"The way to make innovation happen is fo take the
shackles off and encourage people to take risks."—
Rebecca Rimel, Executive Director, The Pew Charitable
Trusts.

"The best and the brightest are here (at Rockefeller]
and if you want fo have an impact, | think this is the
place fo begin.”—Anne Dyson, President, The Dyson
Foundation.

Scientists who have received support from the foun-
dations described how granfs from private organiza-
tions served as a catalyst for discovery in their research
programs. The grants supported an advance in pedi-
afric medicine; a new study of AIDS; and a program in
nutrition, a neglected area of research.

CASE 1

JAUNDICE IN NEWBORNS
The Dyson Foundation

As a pediatrician, Anne Dyson was interested in
biomedical research that would have clinical applica-
tions for children. She had spent a year of her medical
residency at Rockefeller and knew that two scientists
here—Professor Attallah Kappas, physician-in-chief at
the hospital, and Associate Professor George
Drummond—had been conducting basic research that
might be applicable o pediatrics. Their findings sug-
gested that it might be possible to block the body's
production of a foxic substance—bilirubin—that causes
problems in newborns ranging from jaundice fo brain

damage and death.

Kappas and Drummond had conducted much of
their basic research with funding from the National
Institutes of Health. The NIH grant, however, would not
allow them fo extend their research to clinical investiga-
tion. Atthis critical juncture, in December 1981, the Dyson
Foundation stepped in. As Dyson put it, her foundation
was able fo support “a clinical application in pediatrics
that is still bearing fruit.”
For more than a dozen years, Kappas has studied
the biochemistry of heme, a compound involved in
many basic cellular functions. Perhaps best known as
the red pigment in blood, heme has a fourring
molecular structure with an iron atom at its center.
When red blood cells break down, heme is degraded
in a twostep enzymatic pathway to bilirubin, the
yellow pigment of jaundice. Normally, bilirubin is
processed by the mature, healthy liver and excreted in
bile. But if the liver is impaired by hepatifis, cirthosis or
other disease, or if the liver is immature, as in many
newborns—bilirubin accumulates dangerously, result-
ing in jaundice, neurological abnormalities and some-
times death.

Kappas and Drummond produced a synthetic heme
with tin, rather than iron, at its center. Tin-profoporphy-
rin, they found, is not converted tfo bilirubin when
broken down. Moreover, tin-profoporphyrin prevents
the breakdown of natural heme and thwarts the pro-
duction of bilirubin.

Eventually, Kappas and Drummond established the
safety and effectiveness of fin-profoporphyrin in ani-
mals tests and received Food and Drug Administration
approval fo administer it to adults. The support from the
Dyson Foundation permitted its later application in
pediatric medicine.

Clinical trials with infants in Athens, Greece, were
successful, affracting the notice of pediatricians around
the world. The Dyson Foundation continues fo provide
the funding Kappas and Drummond need fo extend
their studies and apply their findings to important
problems in pediatrics. This support, Kappas says,
"gives us a great sense of satisfaction,” for it is helping
to advance research that may ultimately benefit millions
of children.

CASE 2
EARLY AIDS RESEARCH
The Aaron Diamond Foundation

During the past decade, outstanding scientfisfs in in-
creasing numbers have switched their aftention fo AIDS
research. At Rockefeller, the first to tackle the disease
were Professors Zanvil Cohn and Ralph Steinman.
Cohn is widely regarded as an expert on macroph-
ages, large scavenger cells that play an important role
in the immune system. The long-ime collaborators are
also known for their discovery of the dendritic cell, a
key component of the immune system.

As immunologists, Cohn and Steinman believed
their AIDS project was a logical extension of previous
studies in immunology. Their knowledge and fech-
niques were directly applicable to research on the
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VIEWPOINT

REFLECTIONS ON BOHR
AND EINSTEIN

by Abraham Pais

Niels Bohr and Albert Einstein were in
their early and late sixfies, respec-
tively, when | first met them. Since I am
one (perhaps the last] of those who
knew both men rather well personally
intheir later years, itis hardly surprising
that | have been asked off and on how,
in my view, they compared. That ques-
fion used to make me mildly uncomfort-
able, and in the past | tended to
respond evasively, simply because the
befter one believes he understands

o : people, the more superficial and hope-
less comparisons tend to become. That remains true today. | must admit,
however, that a comparison between Bohr and Einstein is far more
interesting than similar, more frivolous ones of the kind we physicists, a
competitive breed, often indulge in: Who is smarter, A or B2 Afterall, we
are dealing here with men who were arguably the two leading figures in
physics in this century. So, abandoning my reservations, | shall reflect on
what kinds of men they were.

First, let me discuss physics, by which both Bohr and Einstein were
possessed, if not obsessed. Both would speak with infense enthusiasm and
optimism about work they were engaged in, and had enormous powers of
concentration. Both realized quite early not only the importance, but also
the paradoxes resulting from Max Planck’s discovery of his radiation law.
Inyoungeryears, Einstein’s spectrum of scientific activities was broader than
Rohr's. Also in their younger years, both had an urge for doing experiments,
at which Bohr did better. Bohr published approximately 200 papers in
scientific journals; Einstein, about 270. All their respective most important
papers appeared under their own name only. Both men were indefatigable

workers, driving themselves on occasion fo sfates of exhaustion which’

would lead 1o illness, more serious in the case of Einstein. Both taught
courses in their younger, but not their later years. Neither had his own Ph.D.
students. Neither experienced difficulty or pain in admitting to himself, if not
o others, that occasionally he had been on a wrong scientific track. Neither
was in the least overwhelmed by medals, prizes, honorary degrees, or other
distinctions showered upon them. Their prime concern was always with
what they did not understand, rather than with past achievements.

Their life spans were almost identical. Bohr lived to be seventy-seven;
Finsfein, seventy-six. Both chose to be cremated. Einstein remained scien-
tifically active until, literally, the day he died. From the point of view of
science, Bohr was more spectator than actor in his later years.

Both Bohr and Einstein were a-eligious. Bohr left the Lutheran Church in
1911, just before he got married. Einstein said that he did not believe in a
God who concerns himself with fates and actions of human beings. He
would often invoke God in his spoken and writtlen words. "God does not
play dice.”) When, in the 1930s, the celebrated actress Elizabeth Bergner
asked Einstein whether he believed in God, he replied, “One may not ask

ABRAHAM PAIS, a theoretical physicist, is The Detlev W. Bronk Professor Emeritus at The Rockefeller
University. He is the author of Subtle is the Lord!... The Science and the Life of Albert Einstein ; Inward
Bound: Of Matter and Forces.in the Physical World; and Niels Bohr's Times, in Physics, Phi-
losophy, and Polity, to appear in‘the autumn of 1991,

This article is excerpted from an address by
Dr. Pais to the Royal Danish Academy of
Sciences and Letters in December 1989. He
repeated the lecture at The Rockefeller
University in April 1990.

that of someone who with growing amazement attiempts to explore and
understand the authoritative order in the universe.” When she asked why
not, he answered, “Because he would probably break down when faced
with such a question.” Imagery like that would never have occurred to Bohr.

On general social issues, both men spoke up and took action on behalf
of the downtrodden. Beginning in 1914, but most especially after World
War Il, Einstein cosigned numerous politically oriented declarations. Bohr
did so only once, in his open letter to the United Nations in 1950. Both were
highly sympathetic to the cause of Israel, though not uncritically so.

Einstein had a lifelong interest in philosophy. As a schoolboy, he had read
Kant. With his friends in Bern he had studied Spinoza’s ethics, Hume's
treatise on human nature, Mill's system of logic, Avenarius's critique of pure
experience, and other philosophical works. He never wrote articles that may
be called philosophical in a technical sense, however. In fact, his reading
of philosophy led him to develop a dim view of the subject. As he once said,
“Is not all of philosophy as if written in honey? It looks wonderful when one
first contemplates it, but when one looks again, it is all gone. Only mush
remains.”

Asfor Bohr, less well read in philosophy than Einstein, philosophizing was
part of his nature from boyhood on. His first preoccupation with philosophi-
cal problems did not arise from his physical investigations, but from general
epistemological considerations about the function of language as a means
of communicating experience. How to avoid ambiguity—that was the
problem that worried Bohr. Shortly before his death, he spoke about his
youthful philosophical considerations. When asked how significant those
were fo him at that ime, he replied, ‘It was, in a way, my life."

To conclude, in some respects Bohr and Einstein were extreme opposites.
They differed in their needs with regard to contact with other physicists.
Einstein, rarely lonely, mostly alone, did not really care for teaching classes
and never delivered a Ph.D. He did have collaborators. | have, in fact,
counted more than thirty physicists with whom he published jointly.
Nevertheless, it was his deepest need fo think separately, to be by himself.
Bohr, always in need of other physicists, especially young ones, o help him
clarify his own thoughts, was always generous in helping them to clarify
theirs. He was not a teacher of courses nor a supervisor of Ph.D."s, but was
forever giving inspiration and guidance to postdoctoral and senior re-
searchers.

They differed in their views regarding the interprefation of quantum
mechanics. They argued frequently about it, particularly over the concept
of compleméntarity. And they also differed in one other most significant
way. To Bohr, one and only one place was home: Denmark. Einstein never
fully identified with any one country or nation. He lived in—rather than
visited—many places, Germany (Ulm, Munich, Berlin), Switzerland (Aarau,
Bern, Zurich), Milan, Prague, and Princeton. He called himself a gypsy, or
a bird of passage.

By and large, however, similarity outweighed disparity. Both had a deep
need for simplicity, in thought and in behavior. Each had a lifelong boyish—
not juvenile—curiosity, and pleasure in play. They took science very
seriously, but to them it was ultimately a game. The greatest similarity,
though, was that Einstein and Bohr were both scientists without whom the
birth of that uniquely twentieth-century mode of thought, quantum physics,
is unthinkable.
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