Science Times

N F1

TUESDAY, AUGUST 15, 2006

That rabbit is actually

a sphere. (Read on.)
But the man who
proved it is missing.

By DENNIS OVERBYE

Grisha Perelman, where are you?

Three years ago, a Russian mathema-
tician by the name of Grigory Perelman,
aka Grisha, in St. Petersburg, an-
nounced that he had solved a famous and
intractable = mathematical problem,
known as the Poincaré conjecture, about
the nature of space.

After posting a few short papers on the
Internet and making a whirlwind lecture
tour of the United States, Dr. Perelman
disappeared back into the Russian woods
in the spring of 2003, leaving the world’s
mathematicians to pick up the pieces and
decide if he was right.

Now they say they have finished his
work, and the evidence is circulating
among scholars in the form of three
book-length papers with about 1,000
pages of dense mathematics and prose
between them.

As aresult there is a growing feeling, a
cautious optimism that they have finally
achieved a landmark not just of mathe-
matics, but of human thought.

“It’s really a great moment in mathe-
matics,” said Bruce Kleiner of Yale, who
has spent the last three years helping to
explicate Dr. Perelman’s work. “It could
have happened 100 years from now, or
never.”

In a speech at a conference in Beijing
this summer, Shing-Tung Yau of Har-
vard said the understanding of three-
dimensional space brought about by
Poincaré’s conjecture could be one of the
major pillars of math in the 21st century.

Quoting Poincaré himself, Dr.Yau
said, “Thought is only a flash in the mid-
dle of a long night, but the flash that
means everything.”

But at the moment of his putative tri-
umph, Dr. Perelman is nowhere in sight.
He is an odds-on favorite to win a Fields
Medal, math’s version of the Nobel Prize,
when the International Mathematics
Union convenes in Madrid next Tuesday.
But there is no indication whether he will
show up.

Also left hanging, for now, is $1 million
offered by the Clay Mathematics Insti-
tute in Cambridge, Mass., for the first
published proof of the conjecture, one of
seven outstanding questions for which
they offered a ransom back at the be-
ginning of the millennium.

“It’s very unusual in math that some-
body announces a result this big and
leaves it hanging,” said John Morgan of
Columbia, one of the scholars who has
also been filling in the details of Dr. Per-
elman’s work.

Mathematicians have been waiting for
this result for more than 100 years, ever
since the French polymath Henri Poinca-

THE ESSENTIAL GRISHA

A photo of the mathematician
Grigory Perelman is altered
by a technique known as the
Ricci flow, becoming more
and more spherical. Dr. Perel-
man used the technique, pio-
neered by Richard Hamilton,
to solve a famous problem
first posed by Henri Poincaré.
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THE TRUTH ABOUT BUNNIES

To atopologist, a rabbit is the
same as a sphere. Neither has
a hole. Longitude and latitude
lines on the rabbit allow math-
ematicians to map it onto dif-
ferent forms while preserving
information.

nd Its Elusive Prover

ré posed the problem in 1904. And they
acknowledge that it may be another 100
years before its full implications for
math and physics are understood. For
now, they say, it is just beautiful, like art
or a challenging new opera.

Dr. Morgan said the excitement came
not from the final proof of the conjecture,
which everybody felt was true, but the
method, “finding deep connections be-
tween what were unrelated fields of
mathematics.”

William Thurston of Cornell, the au-
thor of a deeper conjecture that includes
Poincaré’s and that is now apparently
proved, said, “Math is really about the
human mind, about how people can think
effectively, and why curiosity is quite a
good guide,” explaining that curiosity is
tied in some way with intuition.

“You don’t see what you’re seeing until
you see it,” Dr. Thurston said, ‘“but when
you do see it, it lets you see many other
things.”

Depending on who is talking, Poinca-
ré’s conjecture can sound either daunt-
ing or deceptively simple. It asserts that
if any loop in a certain kind of three-
dimensional space can be shrunk to a
point without ripping or tearing either
the loop or the space, the space is equiv-
alent to a sphere.

The conjecture is fundamental to to-
pology, the branch of math that deals
with shapes, sometimes described as ge-
ometry without the details. To a topolo-
gist, a sphere, a cigar and a rabbit’s head
are all the same because they can be de-
formed into one another. Likewise, a cof-
fee mug and a doughnut are also the
same because each has one hole, but they
are not equivalent to a sphere.

In effect, what Poincaré suggested was
that anything without holes has to be a
sphere. The one qualification was that
this “anything” had to be what mathema-
ticians call compact, or closed, meaning
that it has a finite extent: no matter how
far you strike out in one direction or an-
other, you can get only so far away be-
fore you start coming back, the way you
can never get more than 12,500 miles
from home on the Earth.

In the case of two dimensions, like the
surface of a sphere or a doughnut, it is
easy to see what Poincaré was talking
about: imagine a rubber band stretched
around an apple or a doughnut; on the
apple, the rubber band can be shrunk
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Scientists Begin to Grasp the Stealthy Spread of Cancer

been specifically formulated to halt the pro-
cess. That is because metastasis has re-
mained something of a mystery until the
last five years or so.

“In the last 30 years, we’ve learned all
about identifying genes whose mutations
initiate tumors,” said Dr. Joan Massagué,
chairman of the Cancer Biology and Genet-
ics Program at Memorial Sloan-Kettering
Cancer Center in New York. But these ad-
vances, he added, did not explain the meta-
static process.

Now, knowledge of metastasis is begin-
ning to accumulate to the point that new
therapies are entering the pipeline.

“In terms of milestones or breakthroughs,

agents are in early clinical testing or will be
soon,” she said. “I'm very enthusiastic,
much more than I was five years ago.”

The complexity of metastasis may well
have discouraged research. To metastasize,
cancer cells have to acquire several dozen
genetic alterations — in contrast with the
handful typically necessary to initiate a pri-
mary tumor, Dr. Massagué said. Further
complicating matters, each case of metas-
Dr. Massagué. tasis — breast cancer that spreads to a lung,

Dr. Patricia S. Steeg, chief of the women’s ~ {0 instance, or prostate cancer that
cancers section of the Laboratory of Molec- ~ SPreads to bone — is genetically and molec-
ular Pharmacology at the National Cancer  ularly different from the rest. )
Institute, said she was optimistic for the Studying metastasis is expensive and
first time. “The trickle is close, the first Continued on Page 6

By LAURIE TARKAN

With new findings on
metastasis, can new
medicines be far behind?

The moment when a cancer begins to
spread throughout the body — metastasis —
has always been the most dreaded turning
point of the disease.

Without metastasis, cancer would barely
be a blip on the collective consciousness.
Fewer than 10 percent of cancer deaths are
caused by the primary tumor ; the rest stem
from metastasis to vital sites like the lungs,
the liver, the bones and the brain.

Though chemotherapy and other treat-
ments have lengthened the lives of people
with metastasized cancer, no drugs have

most of them are about to be made,” said
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SEPARATED AT BIRTH?

The universe, above, looks
eerily like a mouse’s neurons.
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FINDINGS

Embryos, Half a Billion Years Old

More than 500 million years ago, tiny
clumps of cells that had just begun to grow
were suddenly buried in sediment and were
fossilized instead.

Multicellular animal life had just ap-
peared a few tens of millions of years before
this, after about three billion years of single-
cell organisms. And these cell clumps were
growing into animals that had already
evolved and diversified.

Now they are found in China and Siberia
preserved as specks of rock — early animal
life during embryonic development. Using
intense X-rays generated by a particle ac-
celerator, scientists have now been able to
peer inside the fossils. The technique, called
synchrontron X-ray tomographic microsco-
py, has produced sharp, three-dimensional
images of the structure of the embryos.

“What we can see inside are things we ha-
ven’t seen before,” said Philip C. J. Donogh-
ue, a paleontologist at Bristol University in

ANEW DEAD SEA CHALLENGE

Doubts about the link between
the scrolls and ancient ruins.
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England and the lead author of a paper in
the current issue of the journal Nature that
describes fossil images of Markuelia, a
wormlike animal. “You can only get so
much looking at the outside. Embryology is
about what goes on in the inside of embryos
and not the outside.”

For example, in some of the Markuelia
embryos, scientists had seen a hollow space
that had been interpreted as a nascent gut.
With their closer, sharper look, they real-
ized that the hollows were a result of incom-
plete fossilization, not a structure of the em-
bryo.

In more developed embryos, the re-
searchers — from China, Sweden, Britain
and Switzerland — could make out the
shape of the teeth and individual hairs one-
or two-thousandths of a millimeter in length.

“We can see the very limits of fossiliza-
tion,” Dr. Donoghue said.
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LAB COAT VS. PAPER GOWN

The Consumer: How to talk so
your doctor will listen.
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PERSONAL HEALTH: SURGERY

Rethinking the conventional
wisdom on ear tubes.
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Philip-Donoghue
FIRST IMPRESSIONS Scientists mistook the hollow part of the embryos for a nascent gut.







