
I 

riety d c y t o b a  &at amplify and modulate 
the overall immune response. 

Cathepsin M c i e n t  mice exhibit a de- 
fect in the MHC class II processing pathway 
in thymic coptical epithelial cells. S'peciti- 
d l y ,  invadmt &&I degrahtion in these 
cells does mt p d  nmmally, rtnd partial 
promryuC fkagmms derived from it a w -  

Peter CrtxiweH ,mulate in a s t x ~ c m  with h H m d e a k .  
These hgments include the CLIP region, 
and s h i h  ptoducts have been previously 
c h m m i d  in d b  Ii-positive wlh ueated 
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- f a d  model, W* T sells that reeognite in v b  With inhibitors of the cysteine pro- 
graded in@ peptides. These m on @& chs I k I f  peptide c t m p k  with tease M y  06 cathepsins (2-5). Presumably 

- px@heny(poaitive wleabn).Those.E9coigniz- fion and cowvent  expresicm d a  reduced 
ing h I I 4  piptide cmplexes +,h& rsprooire of class II-peptide complexes on 
&ty, whkh might cause -'. fi '%l@ d d  epithelial C L , ~ ,  positive selection 
ea;se i f~coescape ,mdeleredI  & & d y  impaired. The number of CW+ T 
sdeakn). CD4' T & with in the thymus and periphery is reduced 
a ~ & r e s h o M o f & t y  by 6D m W%, whereas the number of CD8' 
d ~ b f a i l c o e x i t t h e & ~  &Is 'hacases to maintain the averall num- 
ceks pvem the dedqmmt of eDIS* T b . o f  T eella, In contrast, in the bone mar- ' 

chain "npIbos. are .Wd into the & ~ z e a g @ z e M H t G c ~ I ~ c a r t r -  m-detived medullary popdation respon- 
end- system, where the imdmt &ah p h  ~0sitive'~electron is d e d  out by rbsls si% for negative selection, and in the pe- 
is d m  by ezkkmmd d lysasad pro- ILpsidve d c a l  epiblial cells in & &?- class n-itive cells mediating the 
teases, coflectively kmwn as cathepim. A .rpw &meas negative $election is p e E f d  ptmmwkm of f@gn peptides to mature 
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different in d&'t tisass. 
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cells? Ev~dence obtalned by treatlng antlgen- row-derlved antlgen-presenting cells? The ~ressed together w ~ t h  the majo 
presenting cells In vltro wlth speclfic mnhlbl- range of self peptldes presented to T cells form and called p41, Incorporates a 
tors suggests that cysteine proteases in gen- 
eral-and cathepsin S in particular-may be 
important in the periphery. Cathepsin S inhi- 
bition induces the accumulation of a partially 
proteolyzed fragment of the invariant chain in 
association with class I1 molecules and inhibits 
peptide loading (4, 5). Nakagawa et al. (6) 
show that in thymus of normal mice, active 
cathepsin S is undetectable in cortical epithe- 
lial cells but present in thymus-derived den- 
dritic cells and peripheral antigen-presenting 
cells, whereas active cathepsin L has a recipro- 
cal distribution. Thus, the terminal stages of 
invariant chain degradation in thymic epithe- 
lium and in bone marrow-derived antigen- 
presenting cells appear to be mediated by dif- 

undergoing negative selection in the thy- 
mus should be the same as those presented 
in the periphery, otherwise the potential for 
autoimmune recognition is high. Because 
the cathepsins, in addition to degrading the 
invariant chain, are responsible for generat- 
ing the class II-associated peptides, it may 
be important for the proteases of the nega- 
tively selecting thymic medullary cells to be 
similar to  those in the peripheral antigen- 
presenting cells. Such a restriction need not 
be imposed on the cortical epithelial cells 
mediating positive selection, where the only 
requirement is that a broad T cell receptor 
repertoire be generated. Thus, the biology of 
the system can be said to allow the differ- 

specific cathepsin L inhibitbq domain (8, 
9). Does this domain regulate the activity of 
cathepsin L in the thymus or periphery? As 
is often the case, this important observation 
raises more questions than it answers. 
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The Future of Human Longevity: 
A Demographer's Perspective 

John R. Wilmoth 

O n e  of the greatest achievements of modem 
civilization has been the enormous reduction 
in human mortality. Life expectancy at birth, 
among early humans, was likely about 20 to 30 
years ( 1  ). By 1900, the average length of life in 
industrialized nations had doubled relative to 
this historical extreme. Now, as we approach 
the year 2000, life expectancy at birth is 
around 80 years in Japan and a few other 
countries, and its rise continues unabated. 

In recent decades, the populations of de- 
veloped countries have grown considerably 
older, because of increasing survival to older 
ages as well as smaller numbers of births. 
Consequently, both legislators and the gen- 
eral public have begun to consider society's 
role in the support of this ever-expanding 
elderly population. In this new demographic 
context, questions about the future of human 
longevity have acquired a special significance 
for public policy and fiscal planning. 

Demographers claim some expertise in 
predicting future mortality levels. Some- 
times, their method of choice is a mere ex- 
trapolation of past trends. Biologists and 
others are often critical of this approach be- 
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cause it seems to ignore underlying mecha- 
nisms. But, in fact, this critique is valid only 
insofar as such mechanisms are understood 
with sufficient precision to offer a legitimate 
alternative method of prediction. Although 
many components of human aging and mor- 
tality have been well described, our under- 
standing of the complex interactions of so- 
cial and biological factors that determine 
mortality levels is still imprecise. Further- 
more, even if we understood these interac- 
tions and wanted to predict future mortality 
on the basis of a theoretical model, we 
would still need to anticipate trends in each 
of its components. 

The  extrapolative approach to predic- 
tion is particularly compelling in the case of 
human mortality. First, mortality decline is 
driven by a widespread-perhaps univer- 
s a l 4 e s i r e  for a longer, healthier life. Sec- 
ond, historical evidence demonstrates that 
mortality has been falling steadily, and life- 
span increasing, for more than 100 years in 
economically advanced societies. Third, 
these gains in longevity are the result of a 
complex array of changes (standards of liv- 
ing, public health, personal hygiene, medi- 
cal care), with different factors playing ma- 
jor or minor roles in different time periods. 
Fourth, much of this decline can be attrib- 

uted to the directed actions of individuals 
and institutions, whose conscious efforts to 
improve health and reduce mortality will 
continue in the future. 

Predictions of future life expectancy by 
extrapolation yield values that are not too 
different from what is observed todav. Re- 
cent forecasts by the U.S. Social Security 
Administration put life expectancy in 2050 
at 77.5 years for men and 82.9 years for 
women, compared to 72.6 and 79.0 years in 
1995 (2).  These Social Security Adminis- 
tration forecasts are not true extrapolations, 
however, because they assume a slowdown 
in age-specific rates of mortality decline in 
the future. A n  independent study, based on 
a purely extrapolative technique, yielded 
more optimistic results (U.S. life expectan- 
cies at birth in 2050 of 84.3 years for both 
sexes combined) (3). Projections for Japan 
are only slightly higher (life expectancy at 
birth in 2050 of 81.3 years for men and 88.7 
years for women, compared to 76.4 and 82.9 
years in 1995) (4). 

A n  important issue for consideration in 
forecasting mortality is the time frame- 
both the time frame of the data that form 
the input to an  extrapolation and the time 
horizon of the projection itself. Although 
short-term fluctuations have been common, 
lone-term mortalitv trends in industrialized 
couitries have been remarkably stable. A 
serious vet common error is to extra~olate  
farther into the future than is warranted, 
given the length of the historical time series 
that forms the basis for extrapolation. When 
mortality decline slowed temporarily during 
the 1950s and '60s (in the United States and 
other developed countries), predictions that 
the rise in human life expectancy had come 
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