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Mutations in DNA may not
be the sole mechanism

that leads to cancer. New re-
search suggests that variations in
the imprint left on a genome by
a parent can influence tumour
development. The mechanism,
which appears to be linked to
how cells differentiate, takes us
another step closer to under-
standing the factors that predis-
pose some people to cancer.

Epigenetics and cancer
Parental imprinting is an area in
the field of epigenetics. Where-
as genetics is concerned with
DNA, epigenetics is the study of
chemical modifications of the
DNA–protein complexes that
form chromosomes (i.e., chrom-
atin). In the dominant modern
view, the etiology of cancer cen-
tres on genetic changes, usually
in the form of mutations to on-
cogenes or tumour suppressor
genes, that result in unchecked
cellular growth. Lately, however,
it is becoming clear that epigen-
etic changes also play a role.1

The effect of methyl groups
on DNA is one example: adding
methyl groups turns tumour
suppressor genes off, whereas
removal of methyl groups acti-
vates normally silent oncogenes.
Genomic imprinting is another:
imprinting occurs when both

maternal and paternal alleles are
present, but 1 allele is preferen-
tially expressed. This parentally
based difference is thought to be
involved in viability, growth and
behaviour. Abnormal imprint-
ing is thought to contribute, for
example, to the development of
Beckwith–Wiedemann syndrome
(BWS).1,2 This disorder results
in a predisposition to tumour
growth early in life, often mani-
fested as Wilms’ tumours. Al-
though BWS is associated with
genetic changes, it has also been
linked to the loss of imprinting
of IGF2, the human insulin-like
growth factor II gene. 2 This
gene is normally expressed from
the paternal chromosome only,
with the maternal copy “silent”
owing to imprinting. This im-
print loss, and the increases in
IGF2 protein levels that follow,
contribute to the pathogenesis
of BWS, likely because of the
protein’s role as a growth factor.

Increases in IGF2 protein
concentrations are also found in
various human cancers (e.g.,
colorectal cancer), which raises
the question of whether epigen-
etic mechanisms generally influ-
ence our risk of cancer.

Although BWS is rare, work
in Feinberg’s laboratory3,4 sug-
gests that loss of imprinting may
be a more general phenomen-
on.3 In 2003, loss of imprinting
of the IGF2 gene was detected
in normal lymphocytes and the
colonic mucosa of 10% of heal-
thy adults.3 The risk of colorec-
tal adenomas among those with
loss of imprinting was 3.5–5
times that of healthy adult sub-
jects with normal imprinting.5

In their latest work,4 Fein-
berg’s team confirmed that
association in an experiment in
which female mice that would
pass on either an imprinted or a
nonimprinted copy of IGF2
were crossed with male mice
possessing a mutation (Apc) in
the adenomatous polyposis coli
gene that predisposes mice (and

humans) to familial colonic pol-
yposis. Although the offspring
of these parents were all predis-
posed to cancer, only half were
affected by a loss of imprinting
of IGF2. The mice with abnor-
mal imprinting acquired twice
as many intestinal adenomas as
those whose imprinting was
normal. The intestinal crypts
(spaces between villi) in abnor-
mally imprinted mice were
found to be longer, and also as-
sociated with increased numbers
of undifferentiated epithelial
cells. In addition, Feinberg’s
group4 found that some human
patients who have a loss of im-
printing also appear to have
more undifferentiated cells in
their colons, which suggests that
the cells may be precancerous.

These observations suggest
that mutations in parental im-
printing can influence cell dif-
ferentiation and may as a conse-
quence increase cancer risk.
Such links provide a first peek at
one of the mechanisms by which
epigenetics may contribute to
cancer development. The work
also raises questions: Does ab-
normal imprinting of genes un-
related to cancer create environ-
ments that predispose people to
disease?4 Is epithelial differentia-
tion linked to the development
of cancer? Future study should
bring more about imprinting to
light. — David Secko, Vancouver

References
1. Feinberg AP, Tycko B. The history

of cancer epigenetics [review]. Nat
Rev Cancer 2004;4:143-53.

2. Walter J, Paulsen M. Imprinting and
disease [review]. Semin Cell Dev Biol
2003;14:101-10.

3. Cui H, Cruz-Correa M, Giardiello
FM, Hutcheon DF, Kafonek DR,
Brandenburg S, et al. Loss of IGF2
imprinting: a potential marker of col-
orectal cancer risk. Science 2003;299
(5613):1753-5.

4. Sakatani T, Kaneda A, Iacobuzio-
Donahue C, Carter MG, de Boom
Witzel S, Okano H, et al. Loss of im-
printing of IGF2 alters intestinal ma-
turation and tumorigenesis in mice.
Science 2005;307(5717):1976-8.

5. Klein G. Surveillance team against
cancer. Nature 2005;434(7030):150.

How an imprint can lead to cancer
SCIENCE AND MEDICINE

D
O

I:
10

.1
50

3/
cm

aj
.0

50
42

3
C

or
bi

s 
C

an
ad

a


