SCIENCE'S COMPASS ffvl

CONTACT SCIENCE

Letters to the Editor

May be submitted via e-mail (at science_letters
@aaas.org), fax (202-789-4669), or regular mail
(Science, 1200 New York Avenue, NW, Washing-
ton, DC 20005, USA). Letters are not routinely
acknowledged. Full addresses, signatures, and
daytime phone numbers should be included.
Letters should be brief (300 words or less) and
may be edited for clarity or space. They may ap-
pear in print and/or on the Internet. Letter writ-
ers are not consulted before publication.

Subscription Services

For change of address, missing issues, new or-
ders and renewals, and payment questions,
please contact AAAS at Danbury, CT: 800-731-
4939 or Washington, DC: 202-326-6417, FAX
202-842-1065. Mailing addresses: AAAS, P.O.
Box 1811, Danbury, CT 06813 or AAAS Mem-
ber Services, 1200 New York Avenue, NW,
Washington, DC 20005 + Other AAAS Pro-
grams: 202-326-6400

Member Benefit Contacts

For Credit Card: MBNA 1-800-847-7378; Car
Rentals: Hertz 1-800-654-2200 CDP#343457,
Dollar 1-800-800-4000 #AA1115; AAAS Trav-
els: Betchart Expeditions 1-800-252-4910; Life
Insurance: Seabury & Smith 1-800-424-9883;
Other Benefits: AAAS Member Services 1-202-
326-6417.

Reprints

Ordering/Billing/Status 800-407-9190; Cor-
rections 202-326-6501 Permissions 202-326-
7074, FAX 202-682-0816

Internet Addresses

science_editors@aaas.org (for general editorial
queries); science_news@aaas.org (for news
queries); science_letters@aaas.org (for letters
to the editor); science_reviews@aaas.org
(for returning manuscript reviews); science_
bookrevs@aaas.org (for book review queries);
science@science-int.co.uk (for the Europe Of-
fice); membership@aaas.org (for member ser-
vices); science_classifieds@aaas.org (for sub-
mitting classified advertisements); science_
advertising@aaas.org (for product advertising)

Information for Contributors

See pages 108 and 109 of the 2 January 1998
issue or access www.sciencemag.org/misc/
con-info.shtml.

Editorial & News Contacts

North America 1200 New York Avenue, NW,
Washington, DC 20005 Editorial: 202-326-
6501, FAX 202-289-7562 News: 202-326-
6500, FAX 202-371-9227 - Bureaus: Berkeley,
CA: 510-841-1154, FAX 510-841-6339, San
Diego, CA: 760-942-3252, FAX 760-942-4979,
Chicago, IL: 312-360-1227, FAX 312-360-0537
Europe Headquarters:14 George IV Street,
Cambridge, UK CB2 1HH; (44) 1223-302067,
FAX (44) 1223-302068 Paris Correspondent:
(33) 1-49-29-09-01, FAX (33) 1-49-29-09-00
Asia News Bureau: Dennis Normile, (81)
3-3335-9925, FAX (81) 3-3335-4898;
dnormile@twics.com + Japan Office: Asca Corpo-
ration, Eiko Ishioka, Fusako Tamura, 1-8-13, Hira-
no-cho, Chuo-ku, Osaka-shi, Osaka, 541 Japan;
(81) 6-202-6272, FAX (81) 6-202-6271; asca@
os.gulf.orjp + China Office: Hao Xin, (86) 10-
6255-9478; science@public3.bta.net.cn

www.sciencemag.org SCIENCE VOL 281

N

Cell Death in Us and Others

Pierre Golstein

lthough there have been scattered reports on the topic of cell death for more than a
Acentury, the 20,000 publications on this topic within the past 5 years reflect a shift

from historically mild interest to contemporary fascination. In normal animal de-
velopment, cell death is involved not only in sculpting shapes but also in optimizing func-
tions, for instance, in the immune or central nervous systems. Defects in cell death there-
fore result in major developmental abnormalities. Cell death also plays a role in the adult,
for example, by contributing to proper turnover of cells in the skin or gut. More generally,
tight coupling of cell death and cell multiplication ensures in many tissues a constant,
controlled flux of fresh cells, which are crucial to the preservation and optimal function-
ing of the adult organism. Although cell death and re-
newal in an organism contrast with the apparent over-
all integrity of the organism, they are, in fact, re-
quired for this integrity. Defects in the coupling of
cell death and multiplication result in pathologies
such as tumors or functional deficiencies.

Our current understanding of the elaborate course
of events within a dying cell is dominated by two ma-
jor observations. First, from a molecular point of
view, as initially shown in the nematode Caenorhab-
ditis elegans,* cell death is the outcome of a pro-
grammed intracellular cascade of genetically deter-
mined steps. This cascade is centered on the activa-
tion of a class of cysteine proteases called caspases
(see the five papers in this issue on caspases and oth-
er important molecules and subcellular structures in-
volved in cell death). Second, from a morphological
point of view, in animals this cascade leads to apoptosis,T a given set of traits in dying
cells that reflects the systematic dismantling of key cellular components. Phagocytosis
then completes the elimination of dead cells. Inhibitors of caspase activation have already
been shown to inhibit abnormally occurring cell death in several models of pathological
situations, raising cautious optimism about possible therapeutic applications.

However, the paradigmatic caspase-dependent cascade leading to apoptosis is now be-
ing challenged by several instances of apparently caspase-independent (and sometimes
nonapoptotic) cell death. It is therefore becoming important to find good experimental
models for, in particular, caspase-independent cell death. Phylogenetics may help.

In effect, cell death occurs in many places along the phylogenetic tree other than in an-
imals. Apart from the sheer joy of discovery, investigation of cell death in other organ-
isms may reveal phenomenological convergence or molecular conservation and then yield
invaluable comparative information. Plants and animals show how the common theme of
cell death can be accommodated very differently, depending on specific constraints. For
instance, the partial disposal of dead plant cells occurs by vacuolar autophagy instead of
heterophagy, and plant cell death often leaves remains that play a structural role. A num-
ber of plant resistance genes, which control local cell death and thus limit the spread of
pathogen infection, show some similarity to genes involved in animal cell death. Emerg-
ing models of cell death, possibly simpler and more experimentally and genetically
tractable than most animal models, include the yeast Saccharomyces, which can be in-
duced to die in spite of a glaring lack of caspase genes; the fungus Podospora, in which
genetically controlled cell death is observed when strains of different origin confront one
another; and the slime mold Dictyostelium, an early, conditional multicellular organism
that shows developmental cell death.

Thus, cell death cuts across a wide range of organisms. The process is invading not
only the minds of many biologists but also many fields of biology. Cell death is thus be-
coming better understood from a fundamental point of view even as socially beneficial
applications appear closer.
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