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F
or many decades, cancer research
focused on genetic changes that
led to tumorigenesis. However, it
is now established that epigenetics

also plays an important role in cancer
initiation and development (1, 2). The
cancer epigenome is marked by a global
decrease in methylation, leading to ge-
nomic instability and increased methyl-
ation at promoters, which in turn leads to
gene silencing (3). The importance of this
abnormal DNA methylation in silencing
cancer-related genes has recently gained a
great deal of attention. Detecting altered
methylation in tumors on a genome-wide
scale is not always easy, but its importance
has led to the development of many assays
including restriction enzyme digestion, li-
gation mediated PCR, bisulfite sequencing
technologies such as methylation sensitive
PCR, incubation of DNA with methylated
DNA binding proteins or antibodies to
methylcytosine among others. These ap-
proaches have their strengths and weak-
nesses and in this issue of PNAS, Diede
et al. describe an approach employing
physical properties of DNA called dena-
turation analysis of methylation differ-
ences (DAMD) (4). The method relies on
the fact that methylated CpG dinucleo-
tides have different melting characteristics
compared to unmethylated CpG dinu-
cleotides. Although the specific conditions
described in the paper limit the analyses to
CpG islands (i.e., areas with a high density
of CpG dinucleotides), the method can be
modified in such a way as to also examine
DNA methylation differences in genomic
regions that are less CpG rich.
The authors use the altered melting

behavior of methylated CpG dinucleotides
to easily and rapidly screen for CpG-rich
regions, which have become abnormally
methylated relative to control samples and
compare the results to those obtained by
other approaches. The direct head-to-
head comparison with two existing meth-
ods, MeDIP and MBD binding, showed
that the DAMD method is more sensitive.
Importantly, when the authors used the
DAMD method to identify promoters
methylated in pediatric medulloblastomas
relative to normal cerebellum, they iden-
tified that several key developmental
pathways had become abnormally methy-
lated and hence silenced. These included
the sonic hedgehog, the retinoic acid
receptor, the bone morphogenetic protein
and notch pathways, which were disabled
not only in medulloblastoma cell lines

but also in uncultured pediatric medullo-
blastomas, which are a lethal kind of
childhood brain cancer. Proper function-
ing of these signaling pathways are vitally
important for the generation of cerebellar
granule cells both in vivo and in vitro.
Retinoic acid, BMP, Wnt, Shh, and
Notch signaling, along with fibroblast
growth factor, specify and mediate the
proliferation of granule cell precursor
cells and their subsequent differentia-
tion into mature cerebellar granule cell
neurons (5, 6).
The findings of Diede et al. are partic-

ularly timely when coupled with other
recent studies which have shown the inap-
propriate silencing of differentiation rela-
ted genes in adult tumors (7–9). Genome-
wide epigenomic analyses have shown that
these kinds of genes have a particular type
of chromatin structure in embryonic stem
cells, which precludes their expression until
the genes are called upon during later
stages of development (10, 11). The adop-
tion of the so-called “bivalent chromatin”
domains in embryonic stem cells appears to
keep these key regulators in a poised state
so that they can be rapidly activated or al-
ternatively kept silent at later stages of de-
velopment. These bivalent regulatory genes
have both the histonemark of the polycomb
repressive complex (H3-K27me3) and an
active histonemark, H3-K4me3 (Fig. 1). As
cells commit to one lineage or another, the
bivalent chromatin structure is resolved
into either an active configuration, main-
taining the H3K4me3 mark, or a repressed
state maintaining the polycomb complex,

depending upon whether expression of the
marked gene is necessary for lineage pro-
gression.
DNAmethylation is not normally used in

embryonic stem cells to suppress the activ-
ities of genes which have CpG islands within
their promoters because the 5-methyl-
cytosine mark is far less plastic than histone
modifications which silence genes. Numer-
ous studies have shown that genes, which are
subject to this bivalency, are far more likely
to undergo inappropriate gene silencing by
DNA methylation during the formation of
cancer (8, 9, 12, 13). The reason for this
propensity to undergo de novo DNA meth-
ylation is not understood but clearly the
DNA methylation mark is more robust and
stable than modifications of histones. Thus
once genes have become silenced by DNA
methylation, a cell’s differentiation possibil-
ities are restricted. Importantly, the de novo
DNAmethylation mechanism does not only
silence active genes but is also commonly
observed in genes that have been kept si-
lencedby the polycomb complex in a process
that we have called “epigenetic switching”
(14), reducing their regulatory plasticity.
At first sight, it might seem that this

epigenetic switch would be of limited
relevance to cancer because there is no
corresponding change in gene expression.
However, acquisition of methylation in a

Fig. 1. In embryonic stem cells, promoters of developmentally important genes are “bivalent”—having
both polycomb repressive complex (PRC) and the active (H3K4me3) histone modification. In response to
specific signaling molecules, ES cells become committed to Granule Cell Precursors, losing this bivalency:
active promoters lose PRC binding and retain H3K4me3 whereas repressed promoters lose H3K4me3 and
retain PRC binding. Many of these polycomb target genes in ES cells become abnormally methylated in
cancer, potentially resulting from a failure to differentiate properly. Open circles indicate unmethylated
CpG sites, dark circles indicate methylated CpG sites. Arrows indicate transcription start sites. K4 indicates
H3K4me3 and PRC indicates polycomb repressive complex.
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CpG island in a gene such as p16, which is
a known polycomb regulated gene (15),
might condemn that gene to irreversible
epigenetic silence. The results of Diede
et al. are particularly interesting because
they suggest that exactly this kind of in-
flexibility with respect to epigenetic marks
occurs on key developmental regulators in
a childhood tumor such as medullo-
blastoma. Few studies to date have exam-
ined pediatric tumors forDNAmethylation
changes, even though it might be expected
that they have a more developmental and
hence epigenetic etiology compared to
adult tumors, which arise much later in life
after complex developmental decisions
have been made. Diede et al. go on to show

that the PTCH1 gene, which is a key player
in the sonic hedgehog pathway can be res-
urrected from silence by treatment with
the DNA methylation inhibitor 5-aza-2’-
deoxycytidine. Genes that have become
inappropriately silenced by application of
5-methylcytosine marks to their promoters
seem to be particularly vulnerable to phar-
macological reactivation. Therefore, the
increased biological stability of silencing
afforded by DNA methylation, counter-
intuitively makes these regulatory genes
vulnerable to drug-induced reactivation.
Restoration of their expression or plasticity
and reestablishing proper signaling path-
ways may have great therapeutic advan-
tages by reducing aberrant proliferative

activity and inducing differentiation pro-
grams. Furthermore, nucleoside analogs
such as 5-aza-cytidine can cross the blood–
brain barrier and have been successful in
clinical trials of myelodysplastic syndrome
(16), thus clinical trials in pediatric tumors
might be feasible.
The DAMD approach relying on a

simple difference in the physical proper-
ties of methylated CpG islands has there-
fore led to the identification of aberrantly
methylated regulatory genes and impor-
tant developmental pathways that have
been altered in medulloblastoma. These
findings offer ideas for how these changes
may have arisen and how they may be used
to target a deadly pediatric disease.
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