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Editorial
Self-sacrifice for collective good: cells show the way

As a tadpole changes into a frog, it loses its tail. The tail is lost as a
result of death of the cells constituting the tail. Nobody thought much about
who tells these cells to die until Kerr, Wyllie and Currie published a path
breaking paper 25 years ago (1). Now programmed cell death is considered
a normal phenomenon and is a subject of much current investigation (2,3).
A few glaring examples are: formation of the lens of the eye by living cells
giving way to their carcasses and t!"Ie- protein, crystallin; death of intestinal
mucosal cells as they reach the tip of the villus; death of the epidermal cells
as they reach the surface; and death of endometrial cells during menstruation
(4). Not so glaring, but of obvious physiological importance, is the death of
those cells of the immune system which have the potential of reacting to
self. Failure of such cells to die would result in autoimmunity; similarly,
failure of some cells to die may be the basic cause of several cancers (2,3).

Programmed cell death in normal or abnormal tissues is termed apoptosis
(pronounced app-oh-toe-sis), a term first proposed by Kerr et al (1) to replace
an earlier term, shrinkage necrosis. Apoptosis is different from necrosis,
which is cell death due to injury. The difference lies not only in the
circumstances of death but also in the mechanism, and manifests in the
histological differences between the two processes. Unlike a necrotic cell, an
apoptotic cell does not swell. Instead, an apoptotic cell shrinks, severes its
links with neighbouring cells, and shows round 'balloons' (called blebs) on
its surface. The nuclear chromatin condenses into one or more lumps near
the nuclear envelope. An apoptotic cell may be phagocytosed as such, or
after breaking into fragments called apoptotic bodies. Occasionally, the
apoptotic cells may not disappear, as in the lens of th~ eye.

Apoptosis is carried out by a specialized group of proteases. Much of
recent research is centred on discovering the triggers which unleash these
lethal enzymes at a particular point in the life of a cell. At least four such
triggers have been identified so far. One is a protein called p53 which gets
expressed only in damaged cells. Second, the cytokine interieukin-2 (IL·2),
which is withdrawn when an infection has cleared. Withdrawal of IL4 2 signals
to the lymphocytes fighting the infection that their role is over, and they
undergo apoptosis. Hence IL-2 has been termed the 'survival factor'. Third,
a transmembrane protein, Fas, is expressed by helper T cells activated by
an infection. Initially the Fas has a 'nonfunctional' configuration. After a
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few days Fas acquires a "functional"
configuration and also starts expressing a
Fas ligand on the cell surface. Fas-Fas
ligand interaction triggers apoptosis of the
activated helper T cells. Thus these cells
get a few days to fight the infection, and
then receive a signal Lo wind up. The Fas
signal can also be transmitted to any
neighbouring cells which may express only
the Fas ligand. Fourth, a family of proteins,
one of which is called Bcl-2, seems to
modulate the tendency of a cell to undergo
apoptosis. Some of these proteins promote
apoptosis while others inhibit it. The
balance or proportion of different molecules
belonging to this family may determine the
fat.e of the cell.

This list of triggers is not. exhaustive.
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Nor does it explain what triggers
the triggers. Is it cell damage, some
message from neighbouring cells, or loss
of contact with neighbouring cells?
Future work may throw some light on
these questions. For now, as the name
apoptosis (Gk. dropping off) suggests, it is
akin to the falling of leaves when autumn
is around. It seems to be clear that normal
cells have no hesitation in quitting when
no longer needed, or when their survival is
no longer in the interest of the body as a
whole. Cells which refuse to read the
writing on the wall are the beginning
of a cancerous growth. Even cancer
cells eventually undergo apoptosis 
spontaneously, or under the influence of
treatment. That is why even a tumour does
not. grow indefinitely.
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