
Introduction

Gastrointestinal (GI) cancers account for about
20% of all cancers worldwide. In the global inci-
dence of cancer, gastric cancer is the second,
colorectal cancer is the third, and esophageal can-
cer is the sixth most common tumor (Chan et al.
2006). In neoplasms, including GI cancers,
epigenetic changes play a key role in the process
of tumorigenesis (Baylin and Bestor 2002; Baylin
and Ohm 2006).

Epigenetics in the broad sense may be defined

as the study of phenomena that modify gene ex-

pression without changing the underlying DNA

sequence. More specifically, epigenetics is the

study of collective interaction of multiple mecha-

nisms in establishing states of chromatin structure,

histone modification, transcriptional activity, and

DNA methylation. Evidence accumulated in re-

cent years clearly demonstrates that epigenetic ab-

normalities are important factors in the etiology of

virtually all human cancer types (Laird 2005;

Goldberg et al. 2007).
DNA methylation is the most widely studied

epigenetic abnormality in tumorigenesis. It refers
to methylation of cytosine at CpG dinucleotides.
CpG dinucleotides are not randomly distributed
throughout the human genome. CpG-rich regions,
known as CpG islands, are usually unmethylated in
normal cells (with the exception of imprinted genes
and several genes located on chromosome X) and
are typically found associated with 5’ promoter end
and first exon of numerous genes (Plass 2002). It is
estimated that there are about 29 000 CpG islands
within the human genome. Approximately
50–60% of all genes contain CpG islands. Alter-
ations of cytosine methylation are prevalent in hu-
man sporadic cancers (Costello and Plass 2001).
Methylation defects include genome hypo-
methylation (resulting in epigenetic activation of
oncogenes and retroelements) and localized aber-
rant hypermethylation of CpG islands, resulting in
transcriptional repression of many important
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genes (Ting et al. 2006). Promoter hyper-
methylation patterns in human cancer show strong
specificity with respect to the tissue of origin, and
can be found early in tumorigenesis. Tumor sup-
pressor genes that undergo aberrant methylation in
multiple tumor types may virtually belong to all
cellular pathways, thus aberrant promoter
hypermethylation has relevant consequences for
carcinogenesis. Moreover, the methylation status
of an individual gene promoter may be used for as-
sessing the prediction, general prognosis, and re-
sponse to therapy, underlying the importance of
studies on specific patterns of promoter
hypermethylation in tumors (Esteller 2005).

In GI cancers, epigenetic analysis has revealed

a number of genes and pathways inactivated by

methylation-associated silencing (Esteller et al.

2001a; Kang et al. 2003). This review focuses on

our current knowledge of aberrant methylation of

CpG islands in GI cancers, with special emphasis

on similarities and differences of promoter

hypermethylation of tumor suppressor genes with

respect to the tissue of origin. We also emphasize

recent advances in promoter hypermethylation

profiling in regard to prediction and general prog-

nosis in GI cancers.

Gastric cancer (GC)

GC is the second most common cancer in the

world and a main cause of cancer-related mortal-

ity. According to Laurén (1965), GC can be di-

vided into 2 types: intestinal (well-differentiated)

and diffuse (undifferentiated, more aggressive).

These types differ in etiology, pathogenesis and

behavior (Stadtländer and Waterbor 1999;

Meireles et al. 2004).
Gastric carcinogenesis is a multi-step process

involving genetic and epigenetic alterations of tu-
mor-related genes involving proto-oncogenes
(RAB32), tumor suppressor genes (APC,
RASSF1A), cell-cycle regulator genes (p16,
COX-2), tissue-invasion-related genes (CDH1,
TIMP-3, DAPK, THBS1), metabolic enzymes
(GSTP1), and DNA repair genes (hMLH1,
MGMT). Previous studies have demonstrated that
in GC, several genes are silenced by promoter
hypermethylation and the number of genes
aberrantly methylated in GC is growing rapidly
(Table 1). In addition, promoter hypermethylation
appears to be associated with certain types and
stages of GC. As reported by Oue et al. (2003),

hypermethylation of CDH1 and RAR-� genes was
found more frequently in diffuse than in intesti-

nal-type GC. Such tendencies were also described
by other authors for p16 and CDH1 genes (Tamura
et al. 2000; Oue et al. 2002). Recently a compre-
hensive survey of specific methylation patterns in
diffuse and intestinal-type GC cell lines revealed
10 novel genes that were more frequently
hypermethylated in diffuse GC (Yamashita et al.
2005). In addition to this specific profile, in tumor
cells already the lesion steps leading from chronic
gastritis thorough intestinal metaplasia and gastric
adenoma to GC, display specific methylation pat-
terns in 12 marker genes (Kang et al. 2003). Sur-
prisingly, methylation frequency of APC, CDH1
and MGMT genes were equal in each step, ques-
tioning the role of their methylation in gastric
carcinogenesis. Nevertheless, some other markers
(e.g. hMLH1, COX-2 and p16) showed an increas-
ing tendency of methylation along multistep pro-
gression. Gene methylation also appeared to follow
a chronological order, defining methylation of
APC, CDH1 and MGMT as early events, and
hMLH1, RASF1A and GSTP1 as late events in gas-
tric carcinogenesis (Kang et al. 2003).

Two distinct molecular pathways have been

identified in gastric carcinogenesis, which are also

characteristic of colorectal cancer: microsatellite

instability (MSI) and CpG island methylator phe-

notype (CIMP). Mutations in mismatch repair

(MMR) genes hMLH1 and hMSH2 have been

rarely observed in GCs, but MSI has been found in

15–39% of sporadic GCs. Leung et al. (1999) have

shown that this MMR deficiency is a direct conse-

quence of aberrant methylation of the hMLH1 pro-

moter in GCs. Because GCs with a high frequency

of MSI are associated with specific clinico-

pathological characteristics (e.g. intestinal-type

differentiation, less lymph node metastasis, and

better survival rate), this finding additionally un-

derlines the importance of aberrant methylation in

gastric carcinogenesis (Toyota et al. 1999a).

In 1999, Toyota et al. described a CpG island

methylator phenotype (CIMP) as a distinct subset

of GCs, characterized by concordant methylation

of multiple genes and associated with p16 and

hMLH1 hypermethylation and MSI (Toyota et al.

1999a). Several other studies confirmed the exis-

tence of this trait in GC (Kang et al. 2003; Oue

et al. 2003; Chang et al. 2006). CIMP in GC has

also been associated with better survival in GC

generally and in intestinal-type GC (Oue et al.

2003; An et al. 2005). Nevertheless, the primary

cause of methylation machinery defect responsi-

ble for CIMP in GCs remains unknown.

It is becoming increasingly apparent that infec-

tious agents, such as Helicobacter pylori and Ep-
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stein-Barr virus (EBV), may be involved in

aberrant methylation in GC. Infection with

H. pylori can lead to gastric inflammation and is

known as a major cause of chronic gastritis. Be-

cause in the stomach the presence of methylation

at several genes was found in chronic gastritis, it is

possible that gene methylation in GC could be

a result of chronic inflammation caused by

H. pylori infection, but this hypothesis should be

addressed carefully (Kang et al. 2001, 2003; Chan

et al. 2003).

EBV is an oncogenic virus that is known to in-

duce cellular transformation and is implied in sev-

eral human cancers (Burkit’s lymphoma,

nasopharyngeal cancer, and Hodgkin disease).

EBV has also been shown to alter the expression

of human DNA methyltransferases (Tsai et al.

2002). Although EBV incidence in GC is modest

(ca 5–25%), it has been shown that EBV posi-

tively correlates with higher frequencies of meth-

ylated genes and with CIMP (Kang et al. 2002;

Chang et al. 2006). Although the direct role of

EBV in the etiology of CIMP in GC is unknown,

these data suggest that aberrant methylation might

be an important mechanism of EBV-related gas-

tric carcinogenesis.

Colorectal cancer (CRC)

CRC is the second to fourth most common cancer

in the world. Epigenetic changes play a key role in

its initiation and progression, and studies of CRC

are notably leading the way to understanding

cancer epigenetics. One of the reasons why CRC

provides a useful model of epigenetic alternations

in tumorigenesis is the wide accessibility of vari-

ous stages of CRC development, from aberrant

crypt foci to advanced carcinoma (Wong et al.

2007).

Histologic and genetic observations have

shown that most CRCs develop through multistep

carcinogenesis, known as adenoma to carcinoma

sequence proposed by Fearon and Vogelstein

(1990). According to their model, CRCs develop

from normal epithelium, through aberrant crypt

foci (that contain hyperplastic cells), benign pre-

cursor lesions (adenomas or serrated polyps), to

advanced stages of adenoma, and finally carci-

noma. Studies over the past 15 years showed that

specific genetic and, notably, epigenetic changes

are accumulated during this sequential tumor de-

velopment (Baylin and Ohm 2006; Young et al.

2007).

DNA methylation is a common epigenetic

event in CRC and coincides with a growing list of

promoter regions of many functionally important

genes (Table 2). Not surprisingly, aberrant

methylation in CRC shares a lot of similarities

with GC according to affected genes (e.g. hMLH1,

APC, p16). In CRCs as in GCs, specific profiles of

aberrant methylation in multistep carcinogenesis

were observed (Takahashi et al. 2006). On the ba-

sis of methylation analysis of 12 markers, Lee

et al. (2004) demonstrated a stepwise increase in

DNA methylation, from normal colon tissue to

Aberrant epigenetic patterns in GI cancers 3

Table 1. Frequency of promoter methylation in various genes in gastric carcinoma

Gene Gene function Frequency (%) References

APC signal transduction 17–80 Kang et al. 2003; Esteller et al. 2001a; Kim et al. 2005

RASSF1A cell cycle regulation ~6 Esteller et al. 2001a

p16 cell cycle regulation 25–40 Kang et al. 2003; Esteller et al. 2001a; Oue et al. 2003,
Chang et al. 2006

COX-2 cell cycle regulation, apoptosis ~46 Kang et al. 2003

CDH1 cell signaling 50–80 Esteller et al. 2001a; Oue et al. 2003

TIMP-3 matrix remodeling, tissue invasion 10–65 Kang et al. 2001, 2003; Chang et al. 2006

DAPK apoptosis 30–60 Kang et al. 2001, 2003; Chang et al. 2006

THBS1 angiogenesis 50–60 Kang et al. 2001, 2003

GSTP1 xenobiotic metabolism 0–40 Kang et al. 2001, 2003; Esteller et al. 2001a; Chang et al.
2006

MGMT DNA repair 16–26 Kang et al. 2003; Esteller et al. 2001a; Oue et al. 2003;
Chang et al. 2006

hMLH1 DNA mismatch repair 16–30 Kang et al. 2001, 2003; Esteller et al. 2001a; Oue et al.
2003; Chang et al. 2006



carcinoma. Recent studies also suggest differ-

ences in methylation profile within benign precur-

sor lesions of CRC, indicating that serrated polyps

are more prone to aberrant methylation than

adenomas (Jass 2007; Young et al. 2007).

Epigenetic and genetic similarities between

the etiology of CRC and GC are also underlined by

the presence of 2 distinct molecular pathways that

are also characteristic of GC: microsatellite insta-

bility (MSI) and CpG island methylator phenotype

(CIMP) (Samowitz et al. 2005; Weisenberger

et al. 2006). It has to be emphasized that these

2 pathways were originally described for CRC and

afterwards for GC (Aaltonen et al. 1993; Toyota

et al. 1999b). The MSI pathway was recognized

because of its correlation with hereditary non-

polyposis colon cancer (HNPCC); a few years

later, hMLH1 promoter hypermethylation, fol-

lowed by hMLH1 transcriptional silencing, was

directly correlated with the development of the

15% of sporadic CRCs that also displayed MSI.

MSI-CRCs are poorly differentiated and show

proximal location (Esteller et al. 1998). Paradoxi-

cally, despite poor differentiation, they carry a

more favorable prognosis than microsatellite-sta-

ble (MSS) cancers (Popat et al. 2005). In 1999,

Toyota et al. proposed that a subset of sporadic

CRCs display a promoter CpG island methylator

phenotype (CIMP), which manifests itself as an

exceptionally high frequency of methylation of

discrete CpG islands (Toyota et al. 1999b). Al-

though the existence of CIMP has not been de-

tected in CRCs associated with the CpG island

methylation of a number of genes across the ge-

nome by some investigators (Yamashita et al.

2003; Anacleto et al. 2005), subsequent popula-

tion-based studies have confirmed the presence of

a subset (Samowitz et al. 2005; Ogino et al.

2006a). In 2006, Weisenberger et al., studying

a large carefully selected marker panel in a cohort

of sporadic CRCs, definitively confirmed the exis-

tence of CIMP. Importantly, those authors found

that MSI was fully explained by CIMP-associated

hMLH1 methylation (Weisenberger et al. 2006).

In accordance with this finding, sporadic

colorectal tumors displaying CIMP show many

features typical of MSI tumors, such as proximal

location, a higher frequency in females, high

grade, mucinous histology, and the BRAF V600E

mutation (Ogino et al. 2006b). However, approxi-

mately half of CIMP-positive CRCs are

microsatellite-stable, which underscores the bio-

logical uniqueness of CIMP-positive CRCs

(Weisenberger et al. 2006).

As in GCs, the primary cause for the defect of

the methylation machinery leading to CIMP in

CRC remains mysterious, although 2 hypotheses

are still a matter of debate: genetic and environ-

mental. To date no specific genetic event that

aberrantly changes the mechanisms responsible

for spreading or blocking of DNA methylation

have been described (Issa 2004; Issa et al. 2005).

Nevertheless, recent studies have brought some

evidence for environmentally-related CIMP etiol-
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Table 2. Frequency of promoter methylation in various genes in colorectal cancer

Gene Gene function Frequency (%) References

APC signal transduction 15–50 Esteller et al. 2001b; Arnold et al. 2004; Lee et al. 2004

RASSF1A cell cycle regulation 15–50 Wagner et al. 2002; Lee et al. 2004

p16 cell cycle regulation 15–20 Lee et al. 2004; Goel et al. 2006

CDH1 cell adhesion, tissue invasion ~40 Lee et al. 2004

TIMP-3 matrix remodeling, tissue invasion 10–30 Lee et al. 2004; Goel et al. 2007

DAPK apoptosis 20–50 Lee et al. 2004; Anacleto et al. 2005

THBS1 angiogenesis 5–10 Lee et al. 2004; Kim et al. 2006

GSTP1 xenobiotic metabolism ~10 Lee et al. 2004

MGMT DNA repair ~30 Lee et al. 2004; Anacleto et al. 2005

hMLH1 DNA mismatch repair 10–20 Samowitz et al. 2005; Weisenberger et al. 2006

p14 cell cycle regulation 20–30 Paz et al. 2003; Lee et al. 2004; Anacleto et al. 2005

HIC1 DNA damage response ~60 Anacleto et al. 2005; Goel et al. 2006

LKB1 cell signaling 5–10 Trojan et al. 2000; Esteller et al. 2001a

COX-2 cell cycle regulation, apoptosis 10–30 Toyota et al. 2000; Lee et al. 2004



ogy. Curtin et al. (2007) studied the relationships

between dietary factors and single-nucleotide

polymorphisms in methyl-group metabolizing

genes as well as CIMP. Those authors hypothe-

sized that polymorphisms involved in provision of

methyl groups, potentially modified by a diet,

would be associated with CIMP. Their research

team found a few weak associations specific for

CIMP tumors and noted a possible influence of

MTHFR 1298A/C polymorphism together with

low folate and high alcohol intake (Curtin et al.

2007). In contrast, Samowitz et al. (2006) ob-

served in a large group a significant relationship

between heavy smoking and CIMP. While the pre-

cise mechanism between smoking and CIMP re-

mains currently unclear, studies on aberrant

methylation of several genes in lung cancer pa-

tients demonstrated a significantly higher fre-

quency of promoter methylation among smokers

(Liu et al. 2006). As in the GCs, there is mounting

evidence that infectious agents influence aberrant

methylation in CRCs. In fact, a recent paper by

Goel et al. (2006) describes an association be-

tween JC virus T-antigen expression and aberrant

methylation of multiple tumor-suppressor genes

in sporadic CRC. Oncogenic viruses, like JC virus,

frequently exploit different epigenetic mecha-

nisms to avoid host immune response or to take

over complete control of cellular gene expression,

e.g. by interaction of their specific proteins with

host DNA methyltransferases. Considering this,

the finding of Goel et al. (2006) raises the possibil-

ity that JC virus may play a mechanistic role in the

etiology of CIMP or at least in aberrant DNA

methylation in CRC (Flanagan 2007).

For many years, DNA methylation followed by

transcriptional silencing of genes was considered

as an event that is restricted to discrete CpG is-

lands. This view has been recently challenged by

Frigola et al. (2006), who demonstrated that

epigenetic silencing is not solely a focal event in

CRCs, but encompasses a large 4-Mb domain of

chromosomal region 2q14. This phenomenon was

termed long-range epigenetic silencing (LRES).

Those authors found that LRES at 2q14 was asso-

ciated with DNA methylation in 3 enriched CpG

island clusters. Interestingly, DNA methylation in

each of these clusters was associated with suppres-

sion of flanking genes despite the fact that these

genes themselves remained unmethylated. Fur-

thermore, this suppression was caused by

methylation of histone H3 at Lys9 (H3-K9), inde-

pendent of DNA methylation. Those data suggest

that the extent and spread of DNA hyper-

methylation may influence the long-range sup-

pression of neighboring genes by modifications in

histone code, followed by chromatin remodeling

(Frigola et al. 2006; Clark 2007). A very recent pa-

per by Hitchins et al. (2007) describes LRES

where a whole region located in 3p22, spanning

1.1Mb, was transcriptionally suppressed in

MSI-sporadic CRCs that displayed hMLH1 pro-

moter hypermethylation. Importantly, those au-

thors observed the same relation between DNA

methylation, histone modifications and

transcriptional silencing as Frigola et al. (2006).

Curiously, hMLH1 methylation-associated MSI

generally does not occur among sporadic CRCs

outside the context of CIMP, indicating that LRES

across 3p22 might be specific to CIMP CRCs

(Weisenberger et al. 2006; Hitchins et al. 2007).

It is also noteworthy that both examples of LRES

are associated with transcriptional silencing of

genes that are known to play an important role in

carcinogenesis, e.g. hMLH1, EN1 (Wnt signaling

pathway), GLI2 (sonic hedgehog signaling path-

way), DLEC1 (tumor suppressor), and CTDSPL

(tumor suppressor) (Frigola et al. 2006; Hitchins

et al. 2007). These observations have been con-

firmed by our studies of a larger group of sporadic

CRCs, indicating a strong association between

CIMP and LRES (unpublished). All these results

together suggest an interrelationship between

MSI, CIMP and LRES in the etiology of CRC, but

the chronology of key events still remains to be

elucidated.

Esophageal cancer (EC)

EC is a less frequent malignancy, as compared to

CRC or GC, but its incidence has increased rapidly

in the Western World (Tabernero et al. 2005).

There are 2 main subtypes of EC: esophageal

squamous cell carcinoma (ESCC) and esophageal

adenocarcinoma (EAC) (McManus et al. 2004).

As in the case of GC and CRC, EAC arises from

a multistep process that includes the transition

from normal squamous epithelium through colum-

nar, metaplastic epithelium (e.g. Barret’s esopha-

gus), to subsequent dysplastic lesions that give rise

to invasive adenocarcinoma (Jankowski et al.

1999; Fitzgerald 2006). In contrast, the molecular

progression of ESCC is much less characterized

(Guo et al. 2006).

Similarly to GI cancers described above, DNA

methylation is a common epigenetic event in EC,

but ECs have not been as extensively studied in

Aberrant epigenetic patterns in GI cancers 5



this context (Eads et al. 2001). As it has been re-

ported for other GI cancers, DNA methylation is a

common silencing event in both types of EC and

concerns a wide variety of important genes (Ta-

ble 3). Like in GC and CRC, aberrant methylation

accumulates gradually to the histologic changes

during esophageal carcinogenesis (Eads et al.

2001; Guo et al. 2006; Ishii et al. 2007). The earli-

est stages of EAC involve, for example, aberrant

methylation of MGMT and TIMP3, whereas

hypermethylation of APC, hMLH1 and p16 could

be observed in more advanced histological stages.

Similarly as in EAC, aberrant methylation of

MGMT is observed early in ESCC, but

hypermethylation of APC, hMLH1 and p16 could

be observed in less advanced stages (Eads et al.

2001; Guo et al. 2006). This finding supports the

utility of methylation markers in characterizing

both esophageal malignancies. Interestingly, a pa-

per by Brock et al. (2003) suggests that frequent

hypermethylation of multiple genes is a predictor

of poor prognosis in EAC.

In contrast to GC and CRC, microsatellite in-

stability is less frequently observed in EC, and

hMLH1/MSH2 expression appears to be at normal

levels (Kulke et al. 2001; McManus et al. 2004).

As in GCs, MSI in EC is directly associated with

aberrant hypermethylation of the hMLH1 gene,

underlining the importance of aberrant

methylation in esophageal carcinogenesis (Kulke

et al. 2001; Guo et al. 2006). Interestingly, hMLH1

methylation-associated MSI is a more frequent

and pronounced event in ESCC than in EAC

(Kulke et al. 2001; Matsumoto et al. 2007).

To date, the supporting evidence of CpG island

methylator phenotype in EC has not been found,

although the data published by Eads et al. (2001)

and Brock et al. (2003) suggest that this trait in fact

may be present in ECs. It is likely that the use of

unbiased approach and a carefully selected marker

panel on a cohort of ECs, as Weisenberger et al.

(2006) did on CRCs, will finally and undoubtedly

confirm the existence of CIMP in ECs.

As in the case of CIMP, no data confirming the

long-range epigenetic silencing (LRES) in EC

have been published to date. However, the finding

of frequent and concordant hypermethylation of

three HLA class I genes located on 6p21.3 and

subsequent loss of their expression in ESCC sug-

gests the existence of LRES, at least in this sub-

type of EC (Nie et al. 2001; Clark 2007).

Hypomethylation in GI cancers

Tumor cells from almost every human malignancy

undergo dramatic global hypomethylation that

contributes to all the stages thorough the multistep

carcinogenesis. Hypomethylation appears to trig-

ger several mechanisms that are related to neoplas-

tic progression. Extensive demethylation in

centromeric regions may play a role in aneuploidy,

whereas demethylation within the body of a num-

ber of a genes may induce oncogene activation,

loss of imprinting, and retrotransposon reactiva-

tion (Esteller 2005).

In contrast to aberrant CpG island methylation,

much less is known about the impact of the ge-

nome-wide hypomethylation on GI carcinogenesis.

Hypomethylation is known to occur early during

gastric carcinogenesis, and it is associated with ab-

errant activation of expression of Maspin

(a proto-oncogene that regulates cell adhesion, mo-

tility, apoptosis, and angiogenesis), synuclein or

SNCG (stimulating cancer cells), cyclin D2 (im-

plied in cell cycle regulation), and finally the
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Table 3. Frequency of promoter methylation in various genes in esophageal cancer subtypes (EAC and ESCC)

Gene Gene function Frequency (%) References

EAC ESCC

APC signal transduction ~70 ~15 Eads et al. 2001; Brock et al. 2003; Guo et al. 2006; Ishii et al. 2007

p16 cell cycle regulation ~40 20–50 Eads et al. 2001; Brock et al. 2003; Guo et al. 2006; Ishii et al. 2007

CDH1
cell adhesion, tissue in-
vasion

~70 ~40 Eads et al. 2001; Brock et al. 2003

TIMP-3
matrix remodeling, tis-
sue invasion

20–90 n.d. Eads et al. 2001; Guo et al. 2006

DAPK apoptosis ~20 15–30 Brock et al. 2003; Guo et al. 2006; Ishii et al. 2007

GSTP1 xenobiotic metabolism ~5 n.d. Eads et al. 2001

MGMT DNA repair 60–70 30–50 Eads et al. 2001; Brock et al. 2003; Guo et al. 2006; Ishii et al. 2007

hMLH1 DNA mismatch repair ~10 5–20 Eads et al. 2001; Guo et al. 2006; Ishii et al. 2007

p14 cell cycle regulation ~10 ~10 Eads et al. 2001; Ishii et al. 2007

n.d.= not defined



proto-oncogene R-RAS (Cravo et al. 1996;

Akiyama et al. 2003; Oshimo et al. 2003;

Yanagawa et al. 2004; Nishigaki et al. 2005).

DNA hypomethylation is a common and also early

trait of colorectal cancer. In CRCs, hypo-

methylation is associated with a loss of imprinting

of H19 and IGF2 (insulin-like growth factor-II)

genes and activation of L1 retrotransposon that

may subsequently, by its aberrant integration,

cause disruption of the APC gene (Miki et al.

1992; Cui et al. 2002; Suter et al. 2004). Finally,

hypomethylation has been directly linked with

chromosomal instability in CRC (Rodriguez et al.

2006). The interrelations between DNA hypo-

methylation and hypermethylation in GI

tumorigenesis are still not well understood. Some

papers (e.g. Frigola et al. 2005) describe independ-

ent correlations for DNA hypomethylation and

hypermethylation in CRCs, whereas some others

(e.g. Suzuki et al. 2006) show that both DNA

methylation alternations are positively correlated

in CRCs and GCs. Regardless of these controver-

sies, the cited reports found positive associations

between hypomethylation and both a decreased

survival and a worse prognosis, either for CRC

or GC.

Summary

Although the molecular mechanisms responsible

for aberrant DNA methylation during

carcinogenesis are still not well characterized, the

implications of DNA hypomethylation and

hypermethylation in the etiology of GI

tumorigenesis have become quite clear. As de-

scribed in this review, the aberrant DNA

methylation patterns, apart from their functional

significance, can be exploited for the classification

of cancers arising in the same tissue with regard to

histologic subtype, stage and prognosis. A large

variety of techniques are now available to deter-

mine DNA methylation of the genome, allowing

the detection of malignant cells with remarkable

sensitivity and specificity, as e.g. shown for detec-

tion of DNA methylation in stools of CRC patients

or for aberrant methylation of p16 in serum of GC

patients (Kanyama et al. 2003; Laird 2003;

Belshaw et al. 2004). Similarly, APC methylation

in plasma was found to be a useful biomarker in

detection and prognosis of the patients with esoph-

ageal adenocarcinoma (Kawakami et al. 2000).

More importantly, the potential reversibility of

epigenetic changes offers promising targets for

cancer therapy. Indeed, DNA methyltransferases

and histone deacetylases have been among the ma-

jor epigenetic targets in cancer therapy to date

(Laird 2005).

In the last decade, research on epigenetic

changes in GI cancers brought a better understand-

ing of the mechanisms that underlie their etiology

and molecular pathways that lead to neoplastic

transformation. This was mostly apparent in the

case of colorectal cancer, where novel phenom-

ena, such as CIMP and LRES, have lately been

characterized (Frigola et al. 2006; Weisenberger

et al. 2006; Hitchins et al. 2007). Hopefully, these

recent findings should lead to development of

novel epigenetic drugs and effective anticancer

therapies.
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