
which death can be subverted, to which we
can now add the inactivation of Apaf-1.

What makes the results of Soengas et al.1

so interesting is that they reveal a reversible
switching off — rather than a permanent
deactivation — of the Apaf-1 gene. The
switch may involve the addition of methyl
groups to cytosine nucleotides in DNA, and
the removal of acetyl groups from the his-
tone proteins that bundle up DNA into 
the compressed form seen in the nucleus.
Soengas et al. show that the Apaf-1 gene can 
be turned back on by treating cultured
melanoma cells with inhibitors of DNA
methylation or histone deacetylation.

This ‘epigenetic’ gene silencing is increas-
ingly being recognized as a common way in
which cancer cells inactivate cancer-related
genes5,6. Attention has focused on the methyl-
ation of cytosines in genes with a high 
proportion of cytosine–guanosine dinu-
cleotides (the methyl-acceptor sequence) in
their promoter regions. After these ‘CpG
islands’ are methylated, and after changes
associated with histone deacetylation have
occurred, the relevant genes become silent.
One example is the abnormal methylation of
the promoter of the p14ARF gene. This results
in the downregulation of the gene and the
degradation of p53, disabling the suicide
pathway7. The promoter of the DAPK gene is
also subject to silencing by methylation8.

But unusually Soengas et al. find that,
although the Apaf-1 promoter is a CpG
island (and therefore a potential target for
methylation), there were no changes in the
methylation of this region before and after
melanoma cells were treated with the methyl-
ation inhibitor. So the exact mechanism by

which methylation switches off this gene
remains in doubt. Perhaps the methylation
inhibitor reactivates an unknown gene that
controls Apaf-1, or perhaps it demethylates
another control region of the Apaf-1 gene,
such as an enhancer or insulator.

In any case, it seems that the methylation
of cytosine nucleotides in human cancer cells
can help to inactivate the apoptosis pathway
at several points — either upstream (at p14ARF

or DAPK) or downstream (at Apaf-1) of p53.
And, as well as contributing to gene silencing,
methylation can also substantially increase
the occurrence of harmful single-nucleotide
mutations when it takes place in the coding
regions of genes such as p53 (ref. 9). We clear-
ly pay a price for having methylated cytosine
residues in our genomes. Methylation is
essential in controlling gene expression
under normal circumstances. But it also has
several ways in which it can disable the path-
ways that protect us from cancer.

On the other hand, the fact that the Apaf-1
gene can be silenced by epigenetic changes
yet reactivated by drug treatment may have
clinical benefits. It might be possible to make
melanoma cells sensitive to chemotherapy.
Moreover, other important pathways —
such as those involving retinoic-acid recep-
tor b2 (ref. 10), needed for cellular differen-
tiation, or the DNA-repair protein MLH1
(ref. 11) — can be abnormally silenced by
DNA methylation. In fact, the list of genes
subject to abnormal epigenetic downregula-
tion is growing rapidly. The search for ways
to reactivate them will, no doubt, be a major
area of research — perhaps involving high-
throughput screens such as gene-expression
chips — over the next few years. But it may
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Figure 1 The p53-mediated death pathway, and how it can be subverted by DNA methylation.
Increased levels of p53 can lead to the initiation of a cascade of events that results in cell death by
apoptosis. p53 is kept in check by a pathway involving DAPK, p14ARF and MDM2. This pathway is
disabled in some way in most human cancers, often by inactivation of p53. Malignant melanomas,
however, often have intact p53 genes. As shown by Soengas et al.1, these cancers do not express one 
of the downstream members of the cascade — Apaf-1 — and thus escape apoptosis in response to
stresses such as chemotherapy. The Apaf-1 gene seems to be disabled by abnormal methylation. 
This has also been observed for the DAPK and p14ARF genes, and DNA methylation is involved in
generating mutations in the coding region of the p53 gene in other cancers. So DNA methylation 
can contribute in several ways to inactivating the apoptosis pathway.
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100 YEARS AGO
In investigating the causes of directions of
various spirals, I discovered a certain law
and order in the arrangement of the direction
of the spiral in horns which will interest
many of your readers. (1) That in the
antelopes the right-hand spiral is on the left
of the head, and the left-hand spiral on the
right of the head (crossed). (2) That in sheep
the right-hand spiral is on the right of the
head, and the left spiral on the left side of
head (homonymous, or same name). The
wild goats agree with the antelopes in
regard to the spiral direction of their horns
(crossed), and the oxen agree with the sheep
in cases where the spiral can be noted
(homonymous). Exceptions are not numerous
and not difficult to remember, but this letter
is not intended to do more than record the
usual rules for spiral directions in horns. If
these observations be of value in clearness
of description of a difficult point, it will be a
gain; and they may also prove useful in
classification. By taking a corkscrew (or a
right-handed spiral) in the hand, it is easy to
verify on the horns themselves the direction
of their spiral curves. 
From Nature 10 January 1901.

50 YEARS AGO
The Société helvétique des Sciences
naturelles held its 130th meeting at Davos
during August 26–28. The Society has met
there twice before—in 1890, when Davos
was becoming one of the great health
resorts of Europe, and in 1929, when it was
also one of the great sport centres… In the
afternoon, all sections joined up for the
funicular railway ascent of the
Weissfluhjoch. The very complex geological
panorama was elucidated by Prof. J.
Cadisch, of Berne. The Federal Institute for
Research on Snow and Avalanches was
inspected, with its low-temperature rooms,
its thermically tested snowball of about a
foot diameter and its stereoscopic
microscope showing, in all its perfection, the
scintillating branched symmetry of a crystal
of snow. Afterwards, a film lecture on "Die
Metamorphose des Schneekristalls", by Dr.
M. de Quervain, added the dynamic to the
static picture, a striking feature being the
spontaneous passage to a less symmetrical
form with the effect of reducing the surface
area. Avalanche research was also
illustrated by a film, which by a tragic
coincidence had caught a skier being
engulfed.
From Nature 13 January 1951.
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