ERESEARCH NEWS

“Obese” Protein Slims Mice

Researchers find that injections of the protein product of the mouse obesity gene cause
overweight mice—and normal ones as well—to lose weight

I the United States, losing weight is a na-
tional obsession. According to statistics
compiled by the National Institutes of
Health, up to one third of all Americans are
overweight, and they spend more than $30
billion per year in their efforts to trim the fat.
More than vanity is at stake: Obesity is the
cause of a myriad of serious health problems,
from adult-onset diabetes to heart disease.
All too often, however, those weight-loss ef-
forts are doomed, as almost everyone who
sheds the excess pounds gains them back
in 1 to 5 years. Now, new research raises
hopes of a solution to this problem.

In this issue, three independent re-
search teams report that the protein
product of the mouse obese gene (ob),
identified late last year, when injected
into mice, causes the animals to lose
weight and maintain their weight loss

weight of normal mice, had dropped 40% of
their body weight after a month of daily in-
jections of the Ob protein.

There were hints that the Ob protein
would work like this, from work done in the
1960s and '70s by Douglas Coleman at the
Jackson Laboratory in Bar Harbor, Maine,
where the ob mutation was first discovered in
the 1950s. Coleman indirectly connected
the circulatory systems of adult ob/ob mice to
those of normal mice, and the ob/ob mice lost
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in humans, it might form the basis for an
effective weight-loss drug.

Indeed, just such a possibility led
Amgen Inc., a biotech firm in Thousand
Oaks, California, to pay an unprec-
edented $20 million to Rockefeller Uni-
versity in New York City for an exclu-
sive license to develop products based on
the ob gene (Science, 5 May 1995, p.
631). Any dreams of cashing in on a
treatment for obesity are far from real-
ized, but they do seem a bit closer to
reality with the three reports in this is-
sue. One comes from a team led by Jeffrey
Friedman, a Howard Hughes Medical Insti-
tute (HHMI) investigator at Rockefeller,
whose lab reported the cloning of the ob gene
in Nature last December, and Stephen
Burley, also an HHMI investigator at Rocke-
feller; another is from a team led by Frank
Collins at Amgen; and the third comes from
Arthur Campfield and his colleagues at Hoff-
mann-La Roche Inc. in Nutley, New Jersey.

All three groups injected the Ob protein
into mice that are grossly obese because they
have two mutant copies of the ob gene
(known as ob/ob mice). As a result, the mice
curbed their eating and shed fat. In Fried-
man’s experiments, for example, ob/ob mice
that weighed 65 grams, about twice the
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Out of balance. Levels of Ob protein produced by fat cells
work to regulate body weight in genetically normal mice (left
and middle). But in a mutant mouse lacking a functional ob
gene (right), weight gain goes unchecked.

weight. This suggested that their obesity
could be corrected by a weight-regulating
substance from the blood of the normal mice.
The recent experiments not only confirm
Coleman’s results, but they go further to sug-
gest how the protein produces weight loss.
The present studies indicate that the Ob

* protein has a dual action: It turns down the

animals’ appetites and increases their energy
use, causing them to burn more fat. Fried-
man’s team measured the daily food intake of
ob/ob mice that were receiving the Ob pro-
tein and then fed the same amount to an
identical set of untreated ob/ob mice. Even
on the same diets, the mice treated with the
Ob protein lost 50% more weight than did
the untreated animals, suggesting that food
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intake alone can’t account for the Ob-in-
duced weight loss. Results from the Amgen
group provide a possible explanation for the
difference. These researchers showed that
the protein boosts the animals’ energy use in
at least two ways: It makes the otherwise
sluggish ob/ob mice more active and also
speeds up their slow metabolisms.

But as promising as these results are, they
don’t necessarily translate to obese humans,
because preliminary studies of the human ob
gene suggest that the common forms of
human obesity aren’t due to anything as
simple as a flaw in the ob gene. “Obesity
is a polygenetic disease” in humans, says
Roche’s Campfield. “The evidence sug-
gests that you inherit a genetic predispo-
sition to gain weight on a high-fat diet.”

With that in mind, researchers have
begun testing the Ob protein using
mouse models that more closely re-
semble the human situation. They are
getting some encouraging results. The
Roche team is working with a strain of
mice which, like many humans, grow
plump when their diet contains too
much fat, a condition called diet-in-
duced obesity (DIO). After fattening up
some of these mice, Campfield and his
colleagues injected them with Ob pro-
tein. In response, the animals ate less of
their high-fat food and lost weight.

Collins of Amgen says his group has
similar unpublished findings with a dif-
ferent strain of mice that shows another
typically human trait—they stay trim in
their youth but put on weight as they get
older. As with the DIO mice, these “ma-
turity-onset” obese mice lost weight
when they were injected with the Ob pro-
tein. “Essentially we're seeing the same re-
sult,” says Collins: “a kind of obesity that is
not caused by mutation of the ob gene is
correctable by the Ob protein.”

Ob also causes weight loss in mice that
aren’t even obese. All three groups showed
that normal mice ate less when injected with
the protein, and Friedman’s group found that
mice receiving a relatively high dose of the
protein lost 12% of their body weight and
virtually all of their body fat in 4 days, and
maintained that new weight for the 2 weeks
that they continued to receive injections.

The Ob protein may control body weight
through a feedback system that tells the body
how much fat it carries. Friedman’s group has
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shown that the Ob protein ts made by fat
cells. They propose that some pare of the
body reads Ob levels the way a thermostat
reads temyperature and then rells the body to
make the appropriate adjustments. If the lev-
elsare low, Friedman explains, this *lipostat™
tells the body it doesn't have enough fat and
needs ro gain weight. It they are too high, the
message is to eat less, burn more calories, and
lose weight.

Mutant ob/ob mice make no Ob protein,
and so, according to the model, their lipo-
stats o unchecked, and they gain weight.
But other obese mice, whose fat cells are
making Ob protein, may he fat because their
lipostats simply have a higher set point, re-
quiring higher levels of Ob protein before
they tell the body to lose weight. Injected
Joses of Ob protein may act in those mice
like “virrual fat,” fooling their lipostats into
sensing that they are fatter than they are and
triceering weight loss.

Asa tirst step toward testing that model,
rescarchers are searching for the target tis-
sues tor the Ob protein. At least one target
seems to be in the braing the Roche team
reports that Ob protein injected directly into
the brains of mice caused effects similar to
those produced by injections into the blood-
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stream, but ar a much lower dose. "We see
reduced food intake and a loss of body
weight,” says Paul Burn, director of the De-
partment of Metabolic Diseases at Roche.
“That suggests the receptor for the Ob pro-
tein is localized in the brain.” Many research
teams are also hot on the rrail of that receptor
itself, which transmits the protein's message
via a set of as-yet-unknown signals inside
cells. ldentification of the receptor “may
eventually lead ro novel drug targets within
the signaling cascade,” says Burn.

Burt while that rescarch proceeds, all eyes
are on the potential for Ob itself to be devel-
oped into a weight-loss drug. While the
mouse studies are encouraging, “it is too carly
to be sure what the clinical implications will
be,” cautions Ruth Harris, a phyziologist who
studies obesity at the Pennington Biomedi-
cal Research Center of Louisiana State Uni-
versity in Baton Rouge. *A lot more work has
to be done [on Ob protein levels in humans]
to have a betrer understanding of the role it
plavs in obesity,” she says.

Friedman readily agrees thar much work
must be Jone before considering the use of
Ob in humans. *There is an orderly series of
steps ... and that process has to he followed
carefully,” he savs. “The next important step

is to establish the safety of the protein in
animals.” Even if the carly promise holds up,
there is the matter of drug delivery. Because
Ob is a protein, it can't be taken in pill form,
as it would be destroyed in the digestive tract,
and so would have to be injected, perhaps
daily. Bur “for somceone who is morbidly
ohese, it wouldn't be a problem for them to
take an injection,” says Larry Bellinger, a
physiologist who studies obesity at Baylor
College of Dentistry in Dallas.

If the Ob protein were to lead to a weight-
loss drug, that would raise thorny questions
about how such a drug should be used. If the
mouse studies are an indicator, the drug
might enable normal-weight people to be-
come super-thin or allow fat people to drop
pounds without changing their high-tar di-
cts, which carry their own health risks. *That
is a lirtle scary because it could be abused,”
says Atkinson. “Maybe evervone will
want to look like Twigay.”

Anvone concerned with how such a drug
might be used or misused will have plenty of
time to mull the issue over while researchers
tollow up these carly results—and Amgen
waits anxiously to see whether its $20 mil-
lion investment will pay oft.

—Marcia Barinaga

New Foot Steps Into Walking Debate

There's no doubt that our carly ancestors
walked on two legs—foorprints left in the
eround in Tanzania some 3 mitlion vears ago
leave a firm record of their evolutionary
strides. But anthropologists are in sharp Jdis-
agreement over how much walking these
creatures actually did. Did they spend their
rime wandering open savannas, or clamber-
ing up and down tree trunks in more wooded
places? Because modern humans are fully
erounded, and the apes we came from are
not, rescarchers dearly want to know when
the shift occurred.

With a report on the left foot of an early
human forerunner, or hominid, that they've
Jdubbed “Lirtle Foot,” anthropologists Ronald
Clarke and Phillip Tobias of the University
of the Witwatersrand Medical School in
South Africa step into this debate—and
onto the toes of some of their colleagues. On
page 321 of this issue, the two researchers
describe four bones thev've found—probably
trom a hominid called an australopithecine
that lived about 3.5 million vears ago—thart
make up an arch running from the heel of the
toot down to the beginning of the great toe.
They are the first connected foor bones ever
found from a single such creature.

And while the foor shows some human-
like rraits, such as a weight-bearing heel ob-
viously adapred to bipedalism, Tobias says its
long, tlexible big toe is perfect for grabbing
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onto tree limbs and, along with some other
traits, it “virtually settles the argument™ that
our ancestors at that time were stitl partly in
the trees.

I tind it conceptually and theoreti-
cally a very compelling paper,” says
Randall Susman of the State Uni-
versity of New York, Stony Brook,
long an advocate of arboreal an- Q
cestors. “The back part of the H
toot around the ankle joint is %
very human, but as you get out \
toward the toes, they get more
and more apelike.” Elwyn Si-
mons of Duke University in
North Carolina, who recently
viewed the bones, says that “it's
very important because all the
other foot bones [found up to
now] didn't really show as
clearly the climbing ability.”

Critics, however, react to Little
Foor as if they've been kicked, S
“Their conclusion is patently ab-
surd,” says Owen Lovejoy of
Kent State University in Ohio,
a champion of early unabridged
bipedality. The australopithe-
cine hip, knec, and spine have been adapred
toran upright lite, he says, and to ignore all that
evidence in favor of one foot joint “is me-
chanically and developmentally naive.”

Toes for
climbing?
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Foot bones from a
human forerunner.

Anthropologists such as Susman and
Lovejoy have been “butting feet™—as one
onlooker calls it—over this tssue for more
than a decade. Susman's camp, for instance,
has argued that curved tingers and toes from
Australopithecus afarensis (the species identi-

tied with the famous “Lucy™ skeleton)
are “arborcal hooks" much like those
seen in modern apes. Love-
joy and several colleagues
have countered that the pel-
vis and other anatomical traits
show that such carly hominids
were already  grounded, and
that any apelike traits they still
carried were unused baggage

A l trom their evolutionary past.
Into this debate now steps Little
Foot—more properly  known as
Stw 373 for the Sterkfontein
cave in South Africa in which it
was found. The creature was at
least 3 million vears old, and
probably as much as 3.5 million,
based on geologic dating of the
sediments in the cave. The bones
were originally excavared in 1980, but
it wasn't until last vear that Clarke put
all the pieces together. He found an
ankle bone (talus), some foot bones, and
the first part of a big toe. “All jointed per-
tectly together when you held them one

against the other,” Tobias recalls.
One of these joints in particular—the





