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Obesity Sheds Its Secrets 
While the hormone leptin has dominated obesity research, new findings suggest it has help in 
regulating body weight-results that may also provide potential avenues for obesity therapies 

Every New Year, people make the same reso- 
lution. Glutted by holiday food and drink, 
they vow to shed their extra pounds by em- 
barking on some sort of monastic weight- 
loss venture. And every year, most dieters 
fail. Figures from the National Institutes of 
Health show that half of the people living 
in the United States are overweight and 
one-third are clinically obese, weighing at 
least 20% more than they should-a prob- 
lem that is both financially and medically 
costly. Not only do dieters spend $30 billion 
annually on their weight-loss endeavors, but 
those who remain obese are at high risk for 
diabetes and cardiovascular diseases, includ- 
ing hypertension, all of which can lead to 
premature death. 

But in universities and biotech labs. re- 
searchers are on the trail of a different and 
perhaps more effective kind of weight-loss 
remedy--one aimed directly at the mecha- 
nisms by which the body controls its weight. 
In a flood of recent reports, investigators 
have announced telltale clues to how 1 
the body regulates appetite, 
, metabolism, and activ- 
8 ity. The first in the 
5 chain of findings- 
$ the discoverv of the 2 fat-busting hormone 1 
$? leptin 2 years ago- 

and a family of peptides called the melano- 
cortins, whose receptors appear to have the 
opposite effect-damping down appetite in 
response to increased fat stores. 

Defects in some of these molecules or 
their targets might help explain human obe- 
sity, because most overweight people have 
high levels of leptin itself. But even if they 
don't, their discovery might aid in the design 
of new drugs that can trim body fat. Indeed, 
researchers are alreadv workine on drues that - - 
block a brain receptor of the melanocortins. 
"Each experiment seems to open up more 
and more opportunities," says Campfield. 
"There is so much work to do, and it will be 
going on like this for a long time." 

A hormonal 'lipostar 
Leptin still remains at the center of it all, 
however. Originally identified late in 1994 
after an 8-year search by Jeffrey Friedman's 

team at Rocke- 
feller University in 

New York City, leitin 
is a 16-kilodalton protein 
produced bv the obesity (ob) 

j raised extravagant hopes 8 that have yet to be real- T 
2 ized. "Unfortunately, news reports let people 

believe that they could sit on the couch, eat 
whatever they want, inject themselves with 
leptin, and look like Cindy Crawford," re- 
calls Art Campfield, who heads up the leptin 
project at drug industry giant Hoffmann-La 
Roche in Nutley, New Jersey. 

While findings since then suggest that 
human obesity might not be t rea t2  so sim- 
ply with leptin itself, in the past year, re- 
searchers have learned much more about 
how and where the hormone works in the 
body-information that may help them de- 
sign drugs that mimic leptin's action. And 
the field continues to expand faster than a 
frustrated dieter's waistline as researchers 
have identified several additional molecules 
involved in weight control, which appear to 
link up with leptin in a complicated web of 
biochemical and brain-signaling circuits. 
Among these are neuropeptide Y-which 
jacks up appetite and slows metabolism when 
a person's fat stores seem to be decreasing- 

gene of mice. ~ n i m a l s  with 
defects in both copies of 
this gene act as if they are in r a state of perpetual starva- 

tion, unable to reproduce, stay 

happens is the adipocytes enlarge and store 
more lipids," says Jeffrey Flier, a leptin re- 
searcher at Beth Israel Deaconess Medical 
Center and Harvard Medical School in Bos- 
ton. "The amount of leptin is usually in pro- 
portion to how big the adipocytes get." 

These findings led to the idea that leptin 
functions as a lipostat: When fat stores rise, 
adipocytes produce leptin, and the hormone 
in turn tells the brain that it's time to stop 
eatine and increase activitv levels. Con- - 
versely, when fat stores decline, leptin con- 
centrations go down, too, and that signals 
the brain to try to counteract the weight loss 
with increased feeding and lowered activity. 

Subsequent work on the receptor that re- 
ceives leptin's signal in the brain supports 
this view of how the molecule works. A vear 
after leptin's discovery, Louis Tartaglia's team 
at Millennium Pharmaceuticals in Cam- 
bridge, Massachusetts, and their colleagues at 
Hoffman-La Roche found the receptor and 
cloned its gene in mice and humans. Shortly 
thereafter, three groups of investigators- 
Tartaglia's, Friedman's, and a thud headed by 
Rudolph Liebel, also at Rockefeller-inde- 
pendently traced the obesity seen in another 
strain of mice, the so-called db (for diabetic) 
mouse, to mutations in the leptin-receptor 
gene (Science, 16 February 1996, pp. 913 and 
994). Investigators have since mapped leptin- 

receptor mutations in two 
other grossly fat rodents- 
the corpuknt rat and the fatty 
Zucker rat. All three types of 
animals presumably become 
fat because they can't re- 
spond to the hormone. 

In addition, the leptin 
receptor's location in the 
brain is consistent with the 

A shade of difference. The yellow agouti mouse, while fatter idea that the honnone plays 
than a normal mouse (right), is not as fat as the owob mutant, a role in weight control. 
shown at upper left with its normal counterpart. Denis Baskin at the Veter- 

ans Administration Puget 
warm, grow normally, and, of course, restrain Sound Health Care System in Seattle and oth- 
their appetites. Thus, they get grossly fat, ers have found that the leptin-receptor gene is 
weighing as much as three times more than expressed in four main regions of the hypo- 
normal animals. thalamus, including two-the arcuate nucleus 

Friedman's group and others traced the and the paraventricular nucleus-that had 
source of leptin to the body fat itself. The previously been implicated as hot spots for the 
investigators found that fat cells called adi- regulation of feeding and metabolism. 
pocytes manufacture leptin and spew it into But despite all the evidence implicating 
the bloodstream, so that leptin levels in the leptin and its receptor in weight control, 
bloodstream normally increase as the fat de- mutations in their genes do not seem to be at 
posits grow. "When you get fat, mainly what fault in human obesity. "So far, no one has 
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Leptin's Other Hormonal Links 
During the 2 years since its discovery, the protein hormone 
leptin has paraded through headlines because of its possible role in 
keeping fat levels in check (see main text). But that may not be its 
main function, says endocrinologist Jeffrey Flier of Harvard Medi- 
cal School: "Throughout evolution, starvation-not obesity- 
has always been a problem." And recent work by Flier's team and 
others indicates that leptin, working through glands around the. 
body, including the adrenals, the thyroid, and even the ovaries 
and testes, helps the body deal with the stresses of starvation. 
St. animals commonly experience a host of endocrine 

changes. To help conserve energy, for example, they lose their sex 
drives as production of the sex h o n e s  by the ovaries and testes 
plummet. At the same time, starving animals turn down production 
of the thyroid hormones that stimulate cells' metabolic activities 
and turn up the production of adrenal stress hormones, such as 
cortisol, which perform a number of functions, such as maintaining 
blood pressure, that help the bodv adavt to scarvation. . . 

Thaw changes, Flier-and his colleagues found, may be triggered 
by a d m  in levtin, which n m l l v  occurs when fat stores decline 
dbring &vaiion. By giving lepth to starving animals, the re- 
searchers were able to reverse the reproductive, metabolic, and 
stress responses. "The three classical endocrine changes that you 
see with starvation are apparently caused to a very large degree, if 
not entirely, by the fact that with starvation, leptin levels go 
down," Flier concludes. 

In addition to helping explain the loss of sex drive in starving 
animals, the leptin work is also sheddmg light on normal sexual 
development. Flier's team and that of Farid Chehab at the Univer- 
sity of California, San Francisco, have evidence that the hormone 
appears to signal, and perhaps orchestrate, the onset of puberty 
Ckiexe. 29 November 1996. a. 1466: and 3 January, p. 88). Both 

identified a human being with a mutated Ob 
receptor or mutated ob gene," Campfield 
says. And while a study of Pima Indians re- 
ported in the February issue of Nature Medi- 
cine by a team led by Eric Ravussin of the 
National Institute of Diabetes and Digestive 
and Kidney Diseases suggests that low leptin 
levels may have contributed to weight gains 
by some members of this population, other 
investigators, including Jose Caro, then at 
Thomas lefferson Universitv in Philadel- 
phia, have generally found that overweight 
people have high leptin levels in their blood- 
stream, not the low levels seen in the ob 
mice. The large fat stores in the people seem 
to be pumping out the hormone normally, 
which implies that leptin itself won't work 
as an obesity cure. Instead, something must 
be going wrong in obese people's response to 
the hormone, although the difficulty does 
not seem to be in their leptin receptors. 

One possibility is that leptin has problems 
making its way from the bloodstream into the 
brain. Michael Schwartz at the University of 
Washington Medical Center in Seattle and 
Caro found, for example, that the spinal fluid 
of obese people contains only slightly more 
leptin than that of their thinner counterparts, 

teams found, for example, that giving the hormone to normal 
female mice could speed up the attainment of sexual maturity. 

The researchers haven't yet worked out exactly how low leptin 
levels bring about starvation-induced hormonal changes. Flier's 
work suggests that they may lead to increased activity of an impor- 
tant regulator of stress-hormone production. He has found that 
n o d  leptin levels damp down production of a brain peptide 
called corticotropin-releasing hormone that works through the 
pituitary gland b boost pkluction of the adrenal steroids. 
Stephen Woods and Michael Schwartz at the Universitv ofwash- 
inGon, Seattle, have contrary results, however, although both 
Flier and Schwartz agree that more time and research will prob- 
ably reconcile the disparity. "Either one of us might be wrong, and 
I don't feel dogmatic on this," Schwartz says. 

Even if these connections between leptin and other hormonal 
systems evohed to cope with starvation rather than obesity, they 
may help guide obesity therapies. For example, Woods's team has 
evidence frcgh studies on rats that adrenal steroids blunt leptin's 
activity in s w i n g  animals. Because, for reasons not yet under- 
stood, "obed, people often have high levels of steroids," Woods 
says, this may help explain why they are resistant to their high 
blood leptin levels. It also suggests that drugs that block the 
steroids' effects might help in weight control. 

This tangle of effects on hormones and neurowatides hints 
that leptinls'&ue role may be less of an obesity me;er Lnd more of 
a starvation shield. savs Flier. "What we are savine is that there 
is this huge biology df leptin that may not ktr&ically have 
anything to do with obesity or the prevention of obesity," says 
Flier. "Even apart from starving or overfeeding, leptin is an 
important way for there to be communication between the De- 

and the brain." 
- - - - 

despite the fact that overweight individuals 
had, on average, a fivefold higher concentra- 
tion of the hormone in their bloodstreams. 

Altemativelv. the brain mav lose its abil- , , 

ity to respond to whatever leptin does get in. 
"Somewhere between the circulation and 
the brain, there is decreased sensitivity," says 
Campfield. "We're trying to identify where 
the weak places are." One place to look is 
among the other molecules that interact 
with leptin to control weight, such as the 
potent appetite-stimulating neurotransmit- 
ter called neuropeptide Y (NPY). 

Possible leptin partners 
Normally, NPY levels are held in check by 
leptin. Production of the appetite stimulator 
skyrockets, for example, in leptin-lacking 
oblob mice. And in October 1995, Thomas 
Stephens and his colleagues at Eli Lilly Co. 
in Indianapolis reported that giving the ani- 
mals leptin suppresses NPY production, a 
finding confirmed a few months later by 
Schwartz's group. These results suggest, 
Schwartz says, "that if [the animals] don't 
have anv le~tin. the NPY svstem is com- , . ,  
pletely unrestrained," and that in tum leads 
to their obesity. Baskin's mapping of the 

brain locations of the leptin receptors fit 
neatlv with this idea. because one of those 
locations, the arcuate nucleus, is a major site 
of NPY ~roduction. 

More recently, Richard Palmiter's group 
at the University of Washington provided 
more direct evidence that leptin works through 
NPY to regulate appetite. Early in 1996, the 
researchers had made a puzzling observation 
when they created a strain of mice in which 
the NPY gene was inactivated. Rather than 
being thin, as expected, these animals ap- 
peared normal in body weight, fat levels, and 
food intake. 

But results re~orted later in the vear bv 
Palmiter and his colleagues help resolve that 
puzzle (Science, 6 December 1996, p. 1704). 
When the investigators mated the normal- 
weight NPY knockout mice with the obese, 
leptin-lacking oblob mutants, they found, 
says Schwartz, that "a deficiency in NPY at- 
tenuated the defect in the oblob mouse." The 
appetites, general metabolism, and fat levels 
of the double-mutant offspring were midway 
between those of normal and oblob mice. 
This result indicates that  art-but not all- 
of the weight gain of the ob mouse results 
from the increased NPY production induced 
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