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Epigenetic Silencing of Genes in Human

See “A Genome-Wide Search Identifies Epige-
netic Silencing of Somatostatin, Tachykinin-1,
and 5 Other Genes in Colon Cancer” by Mori
Y, Cai K, Cheng Y, Wang S, Paun B, Hamilton
JP, Jin Z, Sato F, Berki AT, Kan T, lto T, Mant-
zur C, Abraham JM, Meltzer SJ, on page 797.

Epigenetics means “in addition to the genetic information
encoded in the DNA,” and refers to the study of how envi-
ronmental factors can change gene function and often organismal
phenotype without altering the DNA sequence. One of the first
epigenetic modifications to be identified was methylation of DNA,
which in mammals, typically targets the nucleotide cytosine when
it is 5" of guanine.! Attachment of a methyl group to the 5
position of the pyrimidine ring produces S-methylcytosine.? Like
cytosine, 5-methylcytosine has the ability to base pair with guanine
in the formation of DNA; however, 5-methylcytosine behaves
much differently than cytosine in other respects. Alterations in
DNA methylation in the sequences of genes can affect gene tran-
scription and ultimately gene expression.? Typically, DNA hypom-
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Colon Cancer

ethylation leads to increased expression and DNA hypermethyl-
ation leads to decreased expression of target genes.

Importantly, although epigenetic modifications involving DNA
methylation do not involve sequence changes, they are inherited
not only mitotically, but also transgenerationally.* Thus, although
we usually think of heritable diseases as involving mutations in
DNA, epigenetic alterations may confer heritable conditions with-
out disruptions in DNA sequence. In addition to DNA methyl-
ation, other important epigenetic changes that affect gene expres-
sion involve complex modifications of histone proteins and
chromatin structure.’ Taken together, histone modifications and
DNA methylation represent fundamental mechanisms for regu-
lating the epigenome. It is believed that DNA methylation in
particular plays a key role in epigenetic regulation of gene expres-
sion because it is readily accessible and inherently stable.®

Alterations in DNA methylation have been associated with a
number of human neoplasms and it has now become clear that
DNA methylation plays a pathogenic role in the development of
cancer. Two general phenomena have been observed. First, hypom-
ethylation with loss of 5-methylcytosine content is associated with
expression of proto-oncogene and other factors that contribute to
chromosomal instability.! Second, DNA hypermethylation causes
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silencing of certain genes that function as tumor-suppressor genes,
resulting in cancer formation.”® Most 5-methylcytosine is found
in CpG dinucleotides concentrated in specific regions of the ge-
nome referred to as CpG islands. CpG islands are often found in the
promoter regions of genes, indicating that they participate in gene
regulation. Hypermethylation of CpG islands also appears to be
nonrandom. Thus, gene-specific hypermethylation patterns may
be useful as diagnostic markers of certain cancers.’

Many genes that are sensitive to methylation-dependent silenc-
ing are tumor suppressors that regulate cell division, and their loss
can lead to uncontrolled cell proliferation. The first tumor-sup-
pressor gene found to be regulated by DNA methylation was Rb1,
the gene responsible for inherited retinoblastoma; it also plays a
role in many sporadic tumors.'® Subsequently, other tumor-sup-
pressor genes were found to be inactivated by promoter methyl-
ation, including APC, p16/CDKN2A, and BRCAI (for a review see
Baylin!!). Despite this compelling pathogenic association, not all
hypermethylation events in cancer affect tumor-suppressor genes
or other genes associated with cellular proliferation. For example,
hypermethylation of MLHI in nonpolyposis colon cancer is asso-
ciated with DNA mismatch repair and contributes to genetic
instability.'? Moreover, changes in DNA methylation can affect
genes that are involved with other features of cancer such as tumor
invasion and metastasis.?

In the current issue of GASTROENTEROLOGY, Mori et al'® used
several complimentary techniques to identify genes that are ab-
normally methylated in colon cancer. Fifty-six colon cancers, 22
noncancerous human colonic mucosae, and 14 human colon
cancer cell lines were analyzed. The authors performed microarray
analyses to identify genes down-regulated in primary colon cancers
compared with normal colonic mucosae. They also identified
genes up-regulated in colon cancer cells following demethylation
with 5-aza-dC treatment. Fifty-four of the identified genes are
potentially involved in the etiology of cancer, and 51 are novel
candidate methylation targets in colon cancer.

Nine genes demonstrated methylation in at least one of the 14
colon cancer cell lines. Interestingly, 2 well-known neuroendocrine
gastrointestinal peptide hormone genes, namely somatostatin (SST)
and tachykinin-1 (TACI), were among these 9 genes. The promoter
regions of both SST and TACI were frequently methylated in colon
cancers to a level that was significantly greater than that found in
normal colonic mucosae. Moreover, TACI methylation was higher
in Duke’s stage A/B cancers compared to Duke’s stage C/D can-
cers. SST methylation levels were higher in MSI-L cancers than in
MSS and MSI-H cancers.

The provocative aspect of these findings is that they provide
potential new insights into the pathogenic mechanisms regulating
colon cancer. Based on the observations that the expression of SST
and TACI were significantly lower in colon cancer, one would
expect lower levels of their respective gene products (ie, somatosta-
tin and substance P/neurokinin A). Somatostatin is known to
suppress tumor growth through 4 distinct mechanisms.!# First, it
is a potent inhibitor of growth factors and hormones that have
growth-promoting effects. Second, somatostatin has antiangio-
genic effects that reduce the vascular capacity for sustaining neo-
plastic growth. Third, somatostatin has direct effects on the im-
mune including monocytes that may limit cell
proliferation, and indirect effects on immunoregulatory factors
such as tumor necrosis factor that may regulate enzymatic endo-
peptidase activity to alter the effects of other peptides and growth
factors. Finally, somatostatin analogs exert apoptotic effects.

system
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In the gastrointestinal tract, somatostatin is a classic paracrine
transmitter, where it is normally released from D cells and acts on
adjacent or nearby cells to exert its inhibitory effects. In certain
tumors, however, somatostatin operates through an autocrine
mechanism to suppress tumor growth. In this manner, somatosta-
tin is both released from and acts on the tumor itself primarily
through somatostatin receptors type 2, which are expressed on
colon cancers and normal colon epithelia alike.'® In cancer ther-
apy, somatostatin and smaller, more stable analogs are widely used
in treating neuroendocrine tumors where they are particularly
effective in reducing hormone secretion. Interestingly, somatosta-
tin analogs may also reduce colon tumor size, and are being
investigated as adjuvants to other chemotherapeutic regimens.
Because of these biological actions, it is not surprising to find
evidence that endogenously produced somatostatin may inhibit
cancer formation.

Tachykinin 1 is a precursor for the peptides substance P and
neurokinin A, which are best known for their effects on gastroin-
testinal secretion, motility, and inflammation. Substance P and
neurokinin A exert their effects through the neurokinin-1 and -2
receptors, respectively. Substance P can stimulate cell proliferation
and inhibit apoptosis, although this latter effect is somewhat
controversial.'” Moreover, substance P potentiates the cytotoxic
effects of lymphokine-activated killer T cells against colon cancer
cells, and reduces the invasive potential of colon cancer cells.'
Although less well understood, neurokinin A also possesses some
antiproliferative actions. Thus, the discovery of hypermethylation
of TACI in colon cancer raises the possibility that its silencing
results in reduced expression of substance P and/or neurokinin A.
It is interesting to speculate that decreased levels of these peptides
facilitate the early stages of carcinogenesis by reducing growth
inhibiting signaling or immune surveillance.

Five other genes with potential links to cancer were also iden-
tified as undergoing gene promoter methylation in primary colon
cancers (NELL1, ENG, MAL, AKAP12, and CAVI). It is now impot-
tant to determine not only if these newly identified hypermethyl-
ated genes contribute to the genesis of colon cancer, but also if
promoter methylation status can lead to cancer detection and
prediction of clinical responsiveness to chemotherapeutic treat-
ment regimens.

RODGER A. LIDDLE
Department of Medicine
Duke University Medical Center
Durbam, North Carolina

RANDY L. JIRTLE

Department of Radiation Oncology
Duke University Medical Center
Durbam, North Carolina

References

1. Feinberg AP, Tycko B. The history of cancer epigenetics. Nat Rev
Cancer 2004;4:143-153.

2. Bird A. The essentials of DNA methylation. Cell 1992;70:5-8.

3. Coleman WB, Rivenbark AG. Quantitative DNA methylation anal-
ysis: the promise of high-throughput epigenomic diagnostic test-
ing in human neoplastic disease. J Mol Diagn 2006;8:152-156.

4. Rakyan VK, Chong S, Champ ME, Cuthbert PC, Morgan HD, Luu
KV, Whitelaw E. Transgenerational inheritance of epigenetic
states at the murine Axin(Fu) allele occurs after maternal and



962 EDITORIALS

10.

11.

12.

13.

paternal transmission. Proc Natl Acad Sci

100:2538-2543.

U S A 2003;

. Fuks F. DNA methylation and histone modifications: teaming up

to silence genes. Curr Opin Genet Dev 2005;15:490-495.

. Feinberg AP. The epigenetics of cancer etiology. Semin Cancer

Biol 2004;14:427-432.

. Jones PA, Baylin SB. The fundamental role of epigenetic events in

cancer. Nat Rev Genet 2002;3:415-428.

. Herman JG, Baylin SB. Gene silencing in cancer in association

with promoter hypermethylation. N Engl J Med 2003;349:2042-
2054.

. Costello JF, Fruhwald MC, Smiraglia DJ, Rush LJ, Robertson GP,

Gao X, Wright FA, Feramisco JD, Peltomaki P, Lang JC, Schuller
DE, Yu L, Bloomfield CD, Caligiuri MA, Yates A, Nishikawa R, Su
Huang H, Petrelli NJ, Zhang X, O’Dorisio MS, Held WA, Cavenee
WK, Plass C. Aberrant CpG-island methylation has non-random
and tumour-type-specific patterns. Nat Genet 2000;24:132-138.
Ohtani-Fujita N, Fujita T, Aoike A, Osifchin NE, Robbins PD, Sakai
T. CpG methylation inactivates the promoter activity of the human
retinoblastoma tumor-suppressor gene. Oncogene 1993;8:
1063-1067.

Baylin SB. DNA methylation and gene silencing in cancer. Nat Clin
Pract Oncol 2005;2(Suppl 1):S4-11.

Matsubara N. Diagnostic application of hMLH1 methylation in
hereditary non-polyposis colorectal cancer. Dis Markers 2004;
20:277-282.

Mori Y, Cai K, Cheng Y, Wang S, Paun B, Hamilton JP, Jin Z, Sato
F, Berki AT, Kan T, Ito T, Mantzur C, Abraham JM, Meltzer SJ. A
genome-wide search identifies epigenetic silencing of somatosta-
tin, tachykinin-1, and 5 other genes in colon cancer. Gastroen-
terology 2006;131:797-808.

14.

15.

16.

17.

18.

GASTROENTEROLOGY Vol. 131, No. 3

Reubi JC, Laissue JA. Multiple actions of somatostatin in neo-
plastic disease. Trends Pharmacol Sci 1995;16:110-115.
Massari D, Trobonjac Z, Rukavina D, Radosevic-Stasic B. SMS
201-995 enhances S-phase block induced by 5-fluorouracil in a
human colorectal cancer cell line. Anticancer Drugs 2005;16:
989-996.

Casini Raggi C, Calabro A, Renzi D, Briganti V, Cianchi F, Mes-
serini L, Valanzano R, Cameron Smith M, Cortesini C, Tonelli F,
Serio M, Maggi M, Orlando C. Quantitative evaluation of soma-
tostatin receptor subtype 2 expression in sporadic colorectal
tumor and in the corresponding normal mucosa. Clin Cancer Res
2002;8:419-427.

Koon HW, Zhao D, Na X, Moyer MP, Pothoulakis C. Metallopro-
teinases and transforming growth factor-alpha mediate sub-
stance P-induced mitogen-activated protein kinase activation and
proliferation in human colonocytes. J Biol Chem 2004;279:
45519-45527.

Ogasawara M, Murata J, Ayukawa K, Saimi |. Differential effect of
intestinal neuropeptides on invasion and migration of colon car-
cinoma cells in vitro. Cancer Lett 1997;116:111-116.

Address requests for reprints to: Rodger A. Liddle, MD, Box 3913,
Department of Medicine, Duke University Medical Center, Durham,
North Carolina 27710. e-mail: liddl001@mc.duke.edu.; fax: (919) 668-
0412.

Supported by NIH grants DKO38626, ES08823, and ES13053, and
DOE grant DE-FGO205ER64101.

© 2006 by the American Gastroenterological Association (AGA) Institute

0016-5085,/06/$32.00
doi:10.1053/j.gastro.2006.07.028





