THE AGING ENIGMA
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SCIENTISTS PROBE
THE GENETIC BASIS
OF LONGEVITY.
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nation. They can remain in this

L S AGING NECESSARY? Are
| the wrinkles and gray hair,
' weakening muscles, neurodegeneration, reduced cardiovas-
' cular function, and increased risk of cancer that afflict organ-
isms roward the end of their lives inevitable? Or are these age-
(¢ related changes part of a genetic program that can be altered?
Molecular biologists experimenting with organisms such
.. s yeast, roundworms, fruit flies, and mice have found
&% that they can dramatically extend life span by tweaking
single genes. The altered organisms don't just live longer, they
age more slowly, in many cases retaining youthful characteristics
even after normal individuals have died. More remarkable, the
genetic manipulations that cause these changes seem to work
through a common pathway across all species. This suggests that
if there is a program that controls aging, it must be ancient in-
deed: in evolutionary terms, yeast and mammals diverged about
a billion years ago.

Separately, geneticists studying long-lived people appear to be
narrowing in on a gene common to centenarians that promotes
longevity. Given these advances, the possibility that the human
life span could be extended seems tantalizingly close. But some
scientists caution that for all the genetic similariries between
model organisms and humans, the differences may be greater
than we imagine. Researchers still don't know what causes aging
in any animal. Evolutionary biologists, who theorize about why
some organisms naturally live longer than others, ask if there is
any reason to believe that maximum human life span, already at
the upper end of longevity among mammals, could be increased
at all—even as researchers on aging, spurred by new experimen-
tal breakthroughs, increasingly ask, Why not?

THE ELEGANS SOLUTION
HE EXPERIMENTAL EVIDENCE that suggests aging is under
genetic control, rather than a consequence of normal wear and
tear, is compelling. So much so that when Cynthia Kenyon, a
professor at the University of California, San Francisco, gave a lec-
ture at the Radcliffe Institute last year describing her research on
roundworms, she began her slide presentation by projecting an
image of C. elegans on the screen and asking provocatively, “Could
this little animal eventually lead us to the fountain of youth?”
During development, roundworms exposed to environmental
stress “stop the clock” by be-
coming dauers, the term for a
L spore-like state akin to hiber-
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suspended condition for long
periods, until their surroundings again become hospitable to
growth and they can become normal adults. Dauers don't eat or re-
produce but, Kenyon discovered, they are extremely long-lived.
When she announced this finding in 1993, says Harvard Medical
School (HMS) professor of genetics Gary Ruvkun, it seemed at first
a restatement of the obvious. But Kenyon's larger point, he now
says, was not just that dauers are long-lived, but that perhaps ani-
mals, as part of normal physiology, can regulate their own life span.

That meant that genes controlled longevity. Sure enough, in
1096 Kenyon demonstrated that roundworms missing one copy
of a gene called daf-2 during development will enter the dauer
state regardless of environmental conditions. But what would
happen if she knocked the gene out of adult roundworms that
had already passed the developmental stage during which they
might have become dauers? Would they revert to the dauer
state? They did not—but they did live about 50 percent longer
than normal, and suffered none of the physiological tradeoffs
seen in dauers, such as infertility and cessation of eating. What
this meant, she realized, was that the program that controls
longevity can be uncoupled from other physiological processes.

Ruvkun, meanwhile, published a paper in 1996 showing that
daf-2 and a gene called age-1, discovered years earlier in a long-
lived roundworm mutant, were part of the same molecular path-
way. “They code for proteins that send signals down the same
transmission line,” Ruvkun says. “That said that even though we
had just dipped our toe in the water about aging—we had just
started to study it in any systematic way—there were not going
to be a million genes in the same pathway that regulate life span,
there were going to be a few, and that it was a solvable problem.”

But no one knew the genes’ precise role. A year later, Ruvkun
showed that daf-2 encodes an insulin receptor. (The hormone in-
sulin is best known for its role in maintaining stable blood-glu-
cose levels.) This was a galvanizing moment, because in an in-
stant it linked aging in roundworms to the only known protocol
that will extend life span in any organism: caloric restriction.

“I was shocked by all of this,” admits Ruvkun, who says he
had previously been “completely dismissive of aging re-
searchers in general because I didn't think they were going
about it systematically.” But the data on the effects of caloric
restriction are well-estab-
lished, and suddenly the field

became much more credible.
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