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Summary. In this review, methods currently available 
for the detection of cell death in tissues are surveyed, 
with special reference to techniques that allow the 
recognition of apoptotic cells in situ, either in whole 
mount specimens or in tissue sections. The techniques 
considered include: severa1 variations on in situ DNA 
nick-end labelling methods, vital dyes, lysosomal 
enzyme histochemistry, transglutaminase expression, 
and immunocytochemical detection of severa1 death- 
associated antigens. These methods are discussed in 
relation to their utility in detecting different stages of cell 
death, and also to their ability to distinguish between 
apoptotic and necrotic cell death. 
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1. lntroduction 

With the current substantial interest in the 
mechanisms of cell death in tissues, has come a battery 
of methods for the demonstration of dying ceils. Most of 
the recent studies have centred on the detection of cells 
undergoing apoptosis, an active and often programmed 
form of cell death, in contrast to necrosis, which is a 
general cell lysis resulting from direct or indirect 
membrane damage. The term "programmed cell death" 
was first introduced by developmental biologists to 
describe the temporally regulated d& of ceils during 
metamorphosis and development (Lockshin and 
Williams, 1965; Lockshin, 1969; Sanders and Wride, 
1995). As the term implies, programmed cell death 
involves a timed activation of an intrinsic genetic 
prograrn and the expression of new proteins. It shares 
this characteristic with apoptosis, a term introduced by 
pathologists (Kerr et al., 1972; Wyllie, 1992) to describe 
a form of cell death with well-defined morphological 
features. Whether or not al1 examples of programmed 
cell death occurring during development are also 
examples of apoptosis is unclear, resulting in some 
confusion between the two terms and the tendency to use 
them synonymously. Certainly, not al1 programmed cell 
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death in embryos is accompanied by the morphological 
characteristics of apaptosis, and so &ese two phenomena 
most probably share some common pathways, but are 
not equivalent in al1 respects (Lockshin and Zakeri, 
1991; Schwartz et al., 1993). 

While apoptotic cells are generaliy characterised by 
well-deñned morphological features, conmlled cleavage 
of DNA and the expression of new proteins (Compton, 
1992; Gerschenson and Rotello, 1992; Kroemer et al., 
1995), necrosis is a more general degeneration 
characterised by an w l y  failure of membirouie integrity, 
mitochondrial deterioration, and uncontrolled DNA 
breakdown (Kerr and Harmon, 1991; Lockshin and 
Zakeri, 1991). Although these two forms of ceil 
may both present similarly shrunken pyknotic nuclei, 
with condensed chromatin and hyperchromatisrn, 
necrosis is a pathological phenommon, whiie apoptosis 
may be e i k r  physiological or pttthological. However, 
just as apoptosis is not necessarily synonymous with 
programmed cell death, apoptosis is not always clearly 
different from necrosis (Columbano, 1995), h a u s e  the 
characteristics of these forms of ceil &ath which are 
considered diagnostic are not invariably present in al1 
tissues. 

The intense research effort currently underway to 
understand the genetic and biochemical charactenstics of 
apoptosis, and to understand its full significame, has 
resulted in advances on many different fronts. 
Elucidation of the genetic (Wyllie, 1995) and molecular 
(Vaux md Strasser, 1996) mechanisms af apoptosis has 
lead to the identification of specific markers of this 
process which can facilitate the development of 
techniques for the identification of celis undergoing this 
form of death. For example, the distinct DNA 
fragmentation that occurs during apopwsis (Bortner et 
al., 1995) has triggered the refinement of DNA labelling 
methods for cells at various stages in the apoptoric cycb. 

This review will cover some of the methods now 
available for the identification of cells that are 
undergoing apoptosis and programmed celi Qeath, with 
special emphasis on techniques for detecting these celis 
in s i tu.  Also, because programmed cell death is 
characteristic of developmental systems, particular 
consideration will be given to examples occurring during 
morphogenesis. 




















