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acids). This protein binds to, stabilizes and
inactivates CAD, so it is called inhibitor of
CAD (ICAD). ICAD releases CAD after cas-
pase-3 digestion, and it is ICAD, not CAD,
that possesses caspase cleavage sites. Using
site-directed mutagenesis, Sakahira et al.4

show that one of these cleavage sites is essen-
tial for CAD release and activation. The
authors also find that hyperexpression of
ICAD in human Jurkat cells (a well-estab-
lished test system for apoptotic stimuli)
blocks the chromatin changes of apoptosis.
Significantly, however, ICAD hyperexpres-
sion does not abrogate cell death, as shown by
endogenous activation of caspase-3 activity,
the characteristic surface-membrane expres-
sion of phosphatidylserine and eventual loss
of mitochondrial oxidative function. 

In these experiments, CAD and ICAD
were purified from mouse cells, but the
sequence of murine ICAD is closely homolo-
gous to a human protein, DFF45, discovered
last year9 which, like ICAD, contains caspase 3
sites and is cleaved in apoptosis. Cleavage of
DFF45 also permits nuclear endonuclease
activation. The new data thus unequivocally
show an apoptosis-specific pathway, initiated
by caspase cleavage, which terminates in acti-
vation of a nuclease responsible for inter-
nucleosomal digestion of DNA. Interestingly,
although the authors do not comment on
this, their gels also show that active CAD
cleaves chromatin to generate transient large
fragments of uniform size before the appear-
ance of the ‘nucleosomal ladder’: previous
studies had indicated that the enzymes effect-
ing these two functions might be different.

Why should there be a mechanism that
specifically destroys DNA during apoptosis,
and what pressures promote its development
and expression? In apoptosis, caspase cleav-
age of DNA protein kinase and poly(ADP-
ribose) polymerase unhooks DNA repair
from DNA damage10,11. Lamin cleavage
unpins the nuclear envelope12. Cleavage of
gelsolin, actin and intermediate filaments
probably effect the hugely altered cell shape
and movement of apoptosis13–15. So what
does CAD do, and why should it be there?

There is little evidence that apoptosis-
associated nuclease activity is sequence spe-
cific. But it can be argued that unrestricted
DNA cleavage is essential for the successful
completion of apoptosis, because unpack-
aged DNA from even one cell, uncoiling over
some 1.5 m, could create an unmanageable
extracellular environment for its neighbours.
Further, DNA is dangerous stuff. Bacteria
have restriction nucleases that destroy un-
desirable alien genomes, but a somewhat 
different strategy is needed to cope with extra-
neous DNA in eukaryotic tissues. The enor-
mous size of the eukaryotic genome, and even
the relative complexity of most viral DNA,
make it improbable that cutting-site motifs
could be found that satisfactorily discrimi-
nate viral from host DNA. Moreover, it is part

of the strategy of apoptosis that the entire
nuclear DNA of the dying cell finds itself with-
in neighbouring viable cells, and, in theory,
this could colonize and scramble their
genomes. What is needed is a mechanism that
destroys DNA effectively (host as well as viral)
in the process of removing virally infected or
otherwise unwanted cells: in other words an
endonuclease restricted to the process of
apoptosis but not to any particular target
sequence. And this is precisely what the
CAD/ICAD pathway provides. The strategy
of maintaining metazoan life seems to involve
investment in a superbly designed, highly effi-
cient and tightly controlled removal kit that is
competent not only to kill unwanted cells on
cue, but to bury the evidence, and fast.
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First Dolly, now Polly! In the 19 December
issue of Science (278, 2130–2133; 1997),
Angelika Schnieke and colleagues describe
the generation of transgenic lambs using
nuclear transfer — the technique that they
developed to generate Dolly the sheep
(Wilmut, I. et al. Nature 385, 810–813;
1997).

But that's only half the story. The
authors have created six lambs, including
one called Polly (pictured), that should be
able to produce milk containing factor IX
— the blood-clotting protein that is
deficient in people with haemophilia B.
Not only do these results highlight the
commercial potential of nuclear transfer,
but they pave the way for its use in
understanding other diseases.

Dolly was created by fusing the DNA of
an adult udder cell with an egg from which
the DNA had been removed. To make Polly
and her sisters, Schnieke et al. used fetal
fibroblast cells containing a transgene
designed to express factor IX in the milk of
the sheep and/or a selectable marker. After
fusion with this DNA, the eggs were

implanted in surrogate Scottish Blackface
ewes. Three of the resulting lambs
contained the marker only, but the other
three also carried the transgene.

Until now, the only way to produce
transgenic animals has been by pronuclear
injection. Between 200 and 300 copies of a
transgene are introduced into a just-
fertilized egg, and this is then implanted
into a surrogate mother. But only 
around two per cent of the animals express
the gene, and just a fraction of these
produce commercially viable amounts of
protein. 

When Polly begins to produce factor
IX, large quantities should be obtainable at
low cost, and the protein will be free from
the risks associated with purification from
human plasma. Yields will be restricted
only by the other (sheep) proteins in the
milk, and a next step will be to try and
knock out the genes that code for these. So
Polly could be the first of many lines of
transgenic sheep — and, as with Dolly, the
crowds will undoubtedly flock to see her .
Alison Mitchell

Nuclear transplantation
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