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phagic. Hypothalamic NPY inhibits 
growth hormone release, but it is unlikely 
that dysregulated secretion of this ana
bolic hormone causes increased body 
weight in both Yl and YS receptor defi
cient mice because these animals accu
mulate fat rather than increasing lean 
body mass. 

The development of obesity in Yl and 
YS deficient mice displayed sex-depen
dent variations. Thus obesity was most 
pronounced in Yl deficient females and 
in YS deficient males. Yl receptors have 
been implicated in anxiolytic effects of 
NPY (ref.15); consequently, Yl knockout 
mice might be expected to be more anx
ious than wild-type controls. This might, 
in part, explain why Yl deficient mice 
display reduced locomotor activity. 
Indeed, it will be interesting to see what 
future studies with knockout mice will 
tell us about the role of Yl and YS recep
tors in various other behaviors and physi
ological events such as, anxiety, epilepsy, 
and temperature regulation. 

NPY is a well established vasoconstric
tor and also potentiates vasoconstriction 
induced by noradrenaline. Another in
teresting finding in Y1 deficient mice is 
the complete absence of NPY-mediated 
vasoconstriction. This indicates that Yl 
receptors are essential for the vasocon
strictory effects of NPY, suggesting that 
Yl antagonists might prove of therapeu
tic value in hypertension. However, if 
long-term treatment with Yl antagonists 
results in obesity, as suggested by the Yl 
knockout data, this is likely to limit the 
usefulness of Yl antagonists in the treat
ment of hypertension. Obviously, the 
development of obesity as a side effect of 
Yl and YS receptor antagonism will defi
nitely put many of the current Yl and YS 
anti-obesity drug development programs 
to rest. 
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Vaccination: Only skin deep 
Alternatives to injected vaccines have been vig-
orously sought not only to allay the fears of the 
many who wince at a needleprick but to 
remove the th reat of injecting patients using 
contaminated needles (a particular problem in 
the Third World). Now Glenn and colleagues 
from the Walter Reed Army Institute of Research 
report that applying a vaccine solution con
taining cholera toxin (CT) to the surface of the 
skin elicits antigen-specific immune responses 
in mice (Nature 391 , 851, 1 998). 

Cholera toxin, the cause of the symptoms of cholera, is a powerful adjuvant that is often 
combined with other antigens because it enhances the immune response against the 
other vaccine components. Glenn and his team put this characteristic to good use in their 
skin vaccine experiments. First, they used a vaccine composed of CT alone in a saline solu
tion and applied this to the shaved skin of mice, which were anesthetized so that they would 
not lick the shaved area thus inadvertently orally immunizing themselves. A booster solu
tion was topically administered three weeks later. To show that this vaccination effect was 
not caused by puncturing the skin during shaving, another group of mice received two 
applications of the CT solution on an unshaved ear. The investigators found that the mice 
developed strong lgG antibodies to CT, which could still be detected several months after 
the booster application. 

Now the crucial experiment was to see if CT's adjuvant properties could be exploited 
to boost the immune response to other vaccine antigens. Glenn's group found that skin 
immunization of mice with CT combined with either diphtheria toxoid or tetanus toxoid 
elicited marked lgG responses against the antigen combination. Antigen-specific lgG anti 
bodies could be detected for up to eight months after skin immunization in the case of diph
theria toxoid. In the absence of CT, no immune response to either toxoid antigen was elicited. 

A survey of skin vaccines composed of common pediatric antigens (combined with CT) 

in mice is yielding excellent mucosa! antibody responses for many of the antigens. Fur
thermore, phase I trials in human volunteers receiving topical application of CT and a 
common bacterial enterotoxin are underway. 

Glenn postulates that Langerhans cells-phagocytic antigen presenting cells that live 
in the skin (see photograph)-engulf the vaccine antigen and, after migrating to nearby 
lymph nodes, present the antigen to lymphocytes, prompting a strong immune response. 
The next step, says Glenn, is to see if skin immunization with a combination vaccine will pro
tect against toxin-mediated diseases. 

As for the future, Glenn predicts that vaccinating your child could be as simple as attach
ing a small vaccine-soaked patch to the skin on the back (well out of reach!) and remov
ing it, like a band aid, a day later. 
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