






DNA hemimethylation footprints in cancer

sequences are prone to cancer-associated hypo- as well as hyper-
methylation.

Materials and Methods

Tissue samples and DNA isolation. With institutional review 
board approval, previously described tumor samples3 were obtained 
from patients who had not been treated with chemotherapy or 
radiation therapy prior to surgery. The tumor samples were chosen 
to reflect the heterogeneity in Sat2 hypomethylation previously 
determined in ovarian tumors by Southern blotting, and the areas 
of the tumor for DNA isolation were selected so as to enrich for 
tumor cells.3 Control somatic tissues were autopsy specimens of 
trauma victims. DNA from these samples and from normal sperm 
was purified from quick-frozen samples by standard methods49 
with an extra 0.04 M-dithiothreitol treatment during the protei-
nase K incubation for semen samples.

Generating a Chr1 Sat2 consensus sequence. We amplified 
unmodified DNA from a human-mouse somatic cell hybrid 
containing Chr1 as the only human chromosome (Coriell, 
GM13139) using the following primers derived from the single 
Chr1 Sat2 GenBank sequence X72623 (HUMSATIIX): 5'-AGA 
ATT GAA TGG AAT CGT CAT C-3' and 5'-ATG TTG 
ATT CCA TTC GAT TCC A-3'. Amplification was with Taq  

that require DNMT3B, which has an essential function as a de 
novo DNA methyltransferase.59,60 However, these sequences differ 
much in their G + C content (38, 61 and 73% for Sat2, NBL2 
and D4Z4, respectively). NBL2 and D4Z4 are complex-sequence 
repeats (repeat units of 1.4 and 3.3 kb, respectively), unlike Sat2 
DNA, whose 1.3 kb higher-order repeat unit is based upon 23 
and 26 bp subsequences7 (Suppl. Fig. 4). In addition, Sat2, NBL2 
and D4Z4 are present at very different chromosomal locations. 
We have previously shown that Sat2 is in more highly condensed 
chromatin than D4Z4.58 Nonetheless, Sat2, D4Z4 and NBL2 are 
all likely to be at least partly heterochromatic. The dense packing 
of heterochromatin may prolong the lifetime of hemimethylated 
intermediates in cancer-linked DNA demethylation, thereby 
providing a longer-lived snapshot of intermediates in demethyla-
tion.

We favor the hypothesis that DNMT3B is involved in 
demethylation as well as methylation of DNA, as described by 
Metivier et al.4 For example, a local decrease in the enzyme’s 
cofactor S-adenosyl-L-methionine4 or interactions with proteins61 
could favor DNMT3B catalyzing demethylation or recruiting 
proteins62-64 that catalyze active demethylation.31 An involvement 
of DNA methyltransferases in DNA demethylation as well as de 
novo DNA methylation would help explain why certain DNA 

Figure 6. Active vs passive demethylation and resulting hemimethylation. Possible outcomes of active (A) and passive (B and C) demethylation of sym-
metrically methylated CpG dyads (M/M) to give hemimethylated dyads (M/U or U/M) or symmetrically unmethylated dyads (U/U) are illustrated. Most 
of the consecutive hemimethylated dyads of opposite polarity were seen in DNA clones with many M/M dyads, as illustrated in (A and B). This diagram 
shows that for passive demethylation to generate the highlighted, consecutive hemimethylated dyads of opposite polarity (M/U followed by U/M or vice 
versa), there would have to be inhibition of maintenance methylation at a single CpG dyad in one round of replicative DNA synthesis, followed by similar 
inhibition at a neighboring CpG dyad in the next round of replication. In addition, de novo methylation on one strand of dyads 2 would be necessary. 
In contrast, active demethylation, which might involve repair-type DNA synthesis, can easily explain the generation of various patterns of hemimethyla-
tion, including a single hemimethylated site, two consecutive hemimethylated sites with the same orientation and two consecutive hemimethylated sites 
with opposite orientation as illustrated in (A).
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probability models. In the first case, the expected frequencies of the 
observed patterns were calculated according to the hypergeometric 
distribution, and reported p values represent the probability 
that the observed pattern frequencies could be generated by this 
random distribution. For the hemimethylation data, the likelihood 
of the observed cluster lengths was again calculated according to 
the hypergeometric distribution and binomial probabilities for 
the orientation counts were computed under the assumption that 
either orientation was equally likely at any hemimethylated site.
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