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A chronology of cell death

G. Hacker and D. L. Vaux

The Walter and Eliza Hall Institute of Medical Research, Post Office Royal

Melbourne Hospital 3050, Victoria, Australia

Cell death is one of the most prolific fields of
biological research, with ten new publications ap-
pearing every day. Our knowledge of the molecular
events during a cell’s demise are still fragmentary,
and it is too early to write a comprehensive history
of cell death research. We have reached a point,
however, where many lines of originally inde-
pendent research have merged to yield a picture of
an evolutionary ancient cell death apparatus which
has been put to a wide range of uses in many
situations during a multicellular organism’s life-
time. This chronology of research in physiological
cell death attempts to provide a selection of key
publications in the field, emphasizing discovery of
the molecular mechanisms.

This chronology attempts to illustrate how
physiological cell death has been observed in many
fields independently, but in each case this cell death
turned out to occur by the same molecular mecha-
nism. As in many other areas of research, acquisition
of knowledge has frequently flowed in several
directions. Thus ‘mainstream’ cell death research
has highlighted or suggested the importance of cell
death for other fields, such as immunology, and
discoveries made in a separate field, such as virology,
have been shown to impact on the cell death mecha-
nism in general. Earlier work on cell death not
extensively covered here is described in excellent
reviews by Glucksmann (see entry for 1951) and
Clarke and Clarke (see entry for 1842).

The selection of papers is an inherently flawed
exercise, because of lack of space and the biases of
the authors. We apologize for any omissions that
may be unjust. We tried to include both the pub-
lications which were regarded as breakthroughs at
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the time as well as work whose implications and
significance were only recognized later. Some of the
most recent publications whose impact on the field
cannot be reliably assessed at present were not
included in this selection. We have not included
many areas that have been proposed to be part of
the cell death mechanism, but where definitive
proof is lacking at the present time. For example,
we have not included papers on ceramide, clusterin,
poly ADP-ribose polymerase, free radicals, trans-
glutamase, c-jun, c-myc, or p34cdc2. Our anchor
points for discrimination were the observations of
cell death pathways in C. elegans, because it was
first shown in this organism that there were genes
essential for normal cell death, namely ced-3, ced-4
and ced-9, that appeared to have no other biological
role. We have not included references to the cloning
all of the members of a gene family, only the first
one or two.

We hope that this chronology gives an interesting
review of the field from both an historian’s and a
biologist’s point of view, and welcome correspon-
dence suggesting important contributions that we
have inadvertently omitted. We will include these
in a revised chronology at some later date.

(Received 27 February 1997; accepted 7 May 1997)
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