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Abstract: Genetic abnormalities of proto-oncogenes and tumor suppressor genes have been demonstrated to be in-
volved frequently in esophageal carcinogenesis, especially the hypermethylation of CpG islands. Accumulated evi-
dences indicate that hypermethylation of CpG islands in the promoter regions are one of the important mechanisms
~ to silence the expression of many important genes and may play an important role in esophageal carcinogenesis. In
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1 Introduction

Esophageal cancer is one of the most common
malignant diseases, with a remarkable geographical
distribution and poor prognosis''). The five-year
survive rate is only 10% . However, the five-year
survive rate for the patients with the early
esophageal cancer is more than 90% . But in clini-
cal, more than 85% of the esophageal cancer pa-
tients are diagnosed at the late stage. Lack of early
specific symptoms and diagnosis biomarker remains
the leading cause of late diagnosis for esophageal
cancer. Therefore, the current challenges in
esophageal cancer research are to obtain a better
understanding of the underlying molecular alter-
ations to establish the strategies for high-risk sub-
ject screening and early diagnosis. Cancer of the
esophagus exists in two main forms with different
etiological and pathological characteristics, i. e.
esophageal squamous cell carcinoma and esophageal
adenocarcinomal?’ . It has been well recognized that
esophageal carcinogenesis is a multistage and pro-
gressive process with a sequence of from basal cell

hyperplasia to dysplasia to carcinoma in site and
esophageal carcinoma. A variety of genetic lesions
has been demonstrated to be involved in esophageal
carcinogenesis, including p53-Rb pathway with
gene amplifications, loss of heterozygosity or ho-
mozygous deletions, point mutations, and chromo-
somal rearrangementst? *). Besides, the accumu-
lated evidences in the epigenetic inactivation of
genes have shown their importance in esophageal
carcinogenesis, as important a driving force as the
inactivation of genes by mutation'®).

“Epigenetic” events, i.e. heritable changes in
gene function which can not be explained by
changes in DNA sequence, are composed of histone
acetylation, the chromatin structure and DNA
methylation'>). DNA methylation seems to be the
most important mechanism for “epigenetic change”
at present>*%). Through a process of covalent mod-
ification catalyzed by DNA methyltransferase, the
DNA of mammalian cells contains a “fifth base”,
namely 5-methylcytosine. The most frequent target
for this modification is cytosine in the context of
the dinucleotide CpG'3’. Throughout the genome
CpG dinucleotides are found at one-fifth of their




Life Science Journal ,3(2),2006 , Wang , et al ,DNA Methylation and Esophageal Squamous Cell Carcinoma

predicted frequency'’’. In marked contrast to the
genome wide under representation of CpGs, there
are regions of the genome termed CpG islands
which have maintained their expected frequency of
this dinucleotide. And the CpG islands are often
found within the promoter of the genes!”®!. There
is an inverse relationship between the density of
promoter methylation and the transcriptional activi-
ty of a genel”"'%. The mechanism of gene silencing
by promoter hypermethylation has recently been
shown to be related with the recruitment of repres-
sor protein complex, resulting in deacetylation of
the chromatin and histone, thus barring access of
the active transcription complex. However, the ac-
tual mechanisms by which DNA methylation modu-
lates gene expression are largely unknown! 11121
The assays for detection of cytosine methylation
could be divided into two groups: restriction en-
zyme-based and bisulfite treatment-based' 314’
The former employs the inhibition of certain re-
striction enzymes by methylation of their recogni-
tion sites as an indicator for the presence of methy-
lation. The latter translates the epigenetic informa-
tion of cytosine methylation in primary sequence
differences by converting unmethylated cytosine to
uracil whereas methylated cytosine remains unal-
tered. The bisulfite-converted genomic DNA can be
analyzed by a wide variety of PCR-based methods
of which direct sequencing of the PCR products or
sequencing of individual PCR product clones gives
the most detailed information about the methylation
pattern in the CpG islands under study! 14151,
Methylation is needed for the normal develop-
ment of cells. Genome stability and normal gene
expression are largely maintained by a fixed and
predetermined pattern of DNA methylation!!%’.
Aberrant methylation confers a selective growth ad-
vantage that results in cancerous growth!™). From
various lines of evidence, it is known that the
methylation pattern of the cancerous cell is associat-
ed with a broad genomic hypomethylated state that
is often accompanied by a more regional and locus-
specific hypermethylated pattern'”). The presence
of alterations in the profile of DNA methylation in
cancer was initially thought to be exclusively a
global hypomethylation of the genome that would
possibly lead to massive overexpression of onco-
genes whose CpG islands were normally hyperme-
thylated'*!. Nowadays, however, this is consid-
ered to be an unlikely or, at best, incomplete sce-
nario'™. The popularity of the concept of
demethylation of oncogenes leading to their activa-
tion is in clear decadency[l4‘15]. Hypermethylation

‘methylation exists according to the tumor type

of CpG islands located in the promoter regions of
tumor suppressor genes is now firmly established as

an important inactiva-
tion[ 16~ 18]

mechanism for gene

The particular genes that are hypermethylated
in tumor cells are strongly specific to the tissue of
origin of the tumor. A profile of CpG island hy[pe]r-
15
The mechanism responsible for this type of pattern
remains unclear. Moreover, accumulating evidence
indicates that CpG island hypermethylation is an
early event in cancer development and, in some cas-
es, may precede the neoplastic process[ 19] " There-
fore, such profiles would provide invaluable insight
into mechanisms underlying the evolution of each
tumor type and will provide new molecular mark-
ers. This review will focus on the current under-
standing of DNA methylation abnormalities in
esophageal cancer and provide molecular clues for i-
dentifying the biomarkers for high-risk subject
screening and early diagnosis.

2 Studies of Genes Promoter Hypermethylation
in SCC

Table 1 complied genes?® ™% that have been
extensively studied in the past with a special refer-
ence to Chinese population, especially for those
from Linxian, the highest incidence area for
esophageal cancer in Henan, northern China. Puta-
tive TSG, involving apoptosis, cell adherence,
DNA repair, and the cell cycle, have been investi-
gated for hypermethylation by various techniques in
esophageal cancer. '

2.1 p14*%F, p15 and p16

The 9p21 chromosomal band is one of the
most frequently altered genomic regions in human
cancers'® . Within a short distance of 50 kb, a
gene cluster consisting of three genes, pl14*%, pl5
and pl6, are harbored. All of which have putative
tumor suppressor rolest® %! Inactivation of
pld4®RF " 515 and pl6 genes has been observed in
many types of human cancers including
SCCl20:22,26,57.58) - For example, our results from
immunohistochemical analysis indicated that pl6
expression was present in only 3 out of 22 SCC cas-
es'®). Some studies showed that germline muta-
tions in pl6 gene might be related to familial
melanoma®’ | but our study found the mutation of
pl6 gene in esophageal cancer was rare'?®!. Hem-
izygous and homozygous deletion at 9p21 are widely
considered to be one of the primary mechanisms of
pl6/pl5 inactivation'®’. Recently, however,
aberrant methylation of the CpG island at the pro-
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moter regions of pl6 and pl5 genes was reported in
SCC and was associated with loss of transcrip-
tion'2? 3! By analyzing the pl4*%¥, p15 and p16
genes individually in 40 SCC, we detected aberrant
promoter methylation of the pl6 gene in 16
(40%), of pl14™¥ in 6 (15%), and of plS in 5
(12.5% ) tumor samples. We further detected ho-
mozygous deletion of p16 in7 (17.5% ), of p14°KF
in 13 (33% ), and of p15 in 16 (40% ) tumor sam-
ples, and detected no mutation in the pl4%F and
pl6 genes'? 281 The above results suggest that
pl4*F " together with pl5, is a primary target of
homozygous deletion, whereas pl6 is the hyperme-
thylation hotspot in human esophageal cancer. Jo-
hanna et al analyzed methylation of CDKN2A
(p16™K4% and p14°%F) individually in 40 SCC from
Linxian, and detected aberrant promoter methyla-
tion of the p16™K* gene in 4 (19% ), of pl4”¥F in
11 (52%), in 21 tumor samples'®. Although
samples in two studies above collected were all from
the same area, the results were different markedly.
The difference probably results from: 1) Regions
for the patients studied are not completely the
same. In Johanna’s study, part of the SCC pa-
tients was from Linzhou; in the other two studies,
all the SCC patients were from Linzhou. 2) Differ-
ent methylation primes and the different sites to be
detected. The 5" position of the sense unmethylated
and methylated primers of p14*XF gene corresponds
to bp 227 and 225 of GenBank sequence number
141934 in our study, which respectively amplify a
165-bp and 160-bp product'?%). However, the 5’
position of the sense unmethylated and methylated
primers of pl4™¥ gene corresponds to bp 195 and
201 of GenBank sequence number 141934 in the
latter, which respectively amplify a 132-bp and
122-bp product'?*+2%) 3) Difference in histopatholo-
gical types of collected samples. In our study,
pathology grades of the samples enrolled were un-
known. But in the latter, the majority tumors ana-
lyzed were of [ -1 grade (15/21), and 4 cases be-
longed to grade [l , for two cases grades were not
listed®). 4) Different criteria in the process of en,
rolling samples. In Yan’s study, since DYS and
CIS are pathologically similar, CIS were combined
into group DYS'%®!. Guo et al analyzed methyla-
tion of p16 gene in 37 SCC from Hebei, and detect-
ed aberrant promoter methylation of the pl6 gene
in 21 (64.9% ). The similar results were ob-
served for Japanese people!” 22 The pl6
methylation in SCC was higher in Japanese people
than in Chinese people, suggesting the possibility
of different carcinogenic factors and mechanisms in-

volved in different populations.
2.2 The FHIT gene

The FHIT gene is located at chromosome
3pl4.2 and encodes a polypeptide of 147 amino
acids'®). FHIT allelic deletions and reduced or ab-
sent FHIT protein expression have been observed in
a variety of tumors suggesting a putative tumor
suppressor function!®" 2} In SCC, the hyperme-
thylation of CpG island in the FHIT promoter re-
gion was significantly correlated with the deletion
of FHIT protein expression!20:2%:42:47:521 - Moethy-
lated SCC cell lines exhibit re-expression of the
FHIT gene and demethylation in the CpG island af-
ter treatment with demethylating agent 5-aza-2’-
deoxycytidine[“]. These findings suggest that
methylation of the 5 CpG island of the FHIT gene
is closely associated with transcriptional inactivation
and might be involved in tumor development of the
esophagus.
2.3 The RARP2 gene

The retinoic acid receptor-beta 2 gene located
at 3p24 has been intensively studied in many can-
cers and found to have defective function, thus
making it a candidate TSG'*). We found that
RARB, was detected in 36% (18/50) of normal
esophageal tissues, and that 14 of 20 (70% ) SCC
samples had hypermethylation of the RARB, pro-
moter*). Another group of study reported that 27
of 47 (55% ) primary resected SCC samples showed
RARB, methylation'*?). Liu et a/ analyzed the
methylation status of RARpB, promoter region and
its expression in 51 SCC tissue samples with their
adjacent normal epithelia and two normal
esophageal epithelia, and found that there was a
statistically significant correlation between methyla-
tion status of RARB, and tumor grade®*’. More-
over, a relationship between methylation status and
decreased RARJ, expression was found only in G (2)
stage tumors. Methylation of RARf, promoter re-
gions was detected in 26/51 (51% ) of the primary
tumors; moreover in seven tissue samples with
their adjacent normal epithelia, methylation of this
locus was found in both the adjacent normal epithe-
lia and matched tumor tissues; and in other 19 tis-
sue samples methylation of this locus only existed in
the primary esophageal tumors; and in two cases,
hypermethylation was observed in the adjacent nor-
mal epithelia, but not in the corresponding SCC
sampla%[33-. Thus, they considered that RARB,
methylation is a common neoplastic feature of SCC.
These results identified methylation as the underly-
ing mechanism for this frequent loss of RARS, in

(s
esophageal cancer!33:34:39:40.42]
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Table 1. Compilation of genes hypermethylated in SCC by regions and methods

Regiie behe Incidence of Methylation

Methods for

methylation

Gemes patients studied ia}l;er( ;?;ue niﬁ’l:;ﬁ)
pla™®F  Linxian (T¥) 6/40(15% ) ND?
Linxian (T) 11/21(52%) ND
Linxian (T) 6/21(28.6%) 10/40(25% )
pl5 Linxian (T) 5/40(12.5%) ND
Linxian (T) 2/25(8%) 3/75(4%)
plé Linxian (T) 16/40(40% ) ND
Cell lines 4/30(13% ) ND
Linxian (T) 4/21(19%) ND
Japan (T) 6/31(19%) ND
Japan (T) 30/42(71.4%) 24/30(80% )
Japan (T) 31/38(82% ) ND
Japan (S*) 7/31(23%) ND
Linxian (T) 7/21(33.3%) 12/40(30% )
Sporadic (T) 5/34(15%) ND
Iran (T) 22/30(73.3%) ND
Iran (B¥) 13/30(43.3%) ND
Iran (S) 8/30(26.6% ) ND
Iran( family) (B) 18/28(64.3%) ND
Hebei (T) 21/37(64.9%) 5/79(6.3%)
Hubei (S) 34/56(61%) ND
15/56(27%)
NMDAR2B  USA(T) and cell lines 95% ND
RASSF1A  Hong Kong (T) 22/64(34%) 3/64(5%)
Cell lines 3/7(43%)
Japan (T) 24/47(51% ) 2/47(4%)
Cell lines 16/22(73% )
Japan (T) 25/48(52%) ND
Cell lines 17/23(74% )
Japan (T) 13/55(24% ) ND
RARB, Linxian and 26/51(51%) 9/51(18%)
Anhui (T)
Cell lines 4/6(67%)
Linxian (T) 14/20(70% ) 18/50(36% )
Japan (T) 7/28(25% ) 1/10(10% )
Japan (T) 27/47(55% ) 18/47(38%)
CRBP1 Japan (T) 5/28(17.9%) 0/28(0)
TIG1 Japan (T) 5/28(17.9%) 0/28(0)
MGMT Linxian (T) 13/18(72% ) 23/49(47%)
Sporadic (T) 46/119(38.7%) 5/22(22.7%)
hMLH1  Japan (T) 6/9(66.7%) ND
Japan (T) 0/30(0) ND
Linxian (T) 5/25(20%) 7/75(9% )
Sporadic (T) 30/92(32.6%) ND
E-cadherin  Japan (T) 25/41(61%) ND

MSP, Sequencing

MSP, HPLC
MSP

MSP, Sequencing

MSP

MSP, Sequencing

MSP
MSP, HPLC
Sequencing
MSP
MSP
MSP
MSP
MSP in situ
MSP
MSP
MSP
MSP
MSP
nMSP
MSP
MSP
MSP
Sequencing
MSP

MSP

MSP
MSP

MSP
MSP
MSP
MSP
MSP

MSP
MSP
MSP
MSP
MSP
MSP

References

20
22
26
20
26
20
21
22
23
24
25
25
26
27
28
28
28
28
29
30

31
32

32
36

73
33

39
40
34
42
34
34
35
43
36
45
26
53
37
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Linxian (T) 4/25(16%)
Hong Kong (T) 16/20(80% )
LRP1B Japan (T) 5/34(14.7)
Trypsin ~ USA(T) 5/10(50% )
TSLC1 Japan (T) 28/56(50% )
VHL Japan (T) 6/47(13%)
Linxian (T) 2/25(8%)
FHIT Japan (T) 21/47(45%)
Japan (T) 25/36(69.4%)
Linxian (T) 5/25(20%)
Japan (T) 5/35(14%)
Hebei (T) 25/37(67.6%)
ECRG4 Linxian (T) 12/20(60% )
HLA class I Linxian (T) 19/29(66% )
HLA-A Linxian (T) 2/25(4% )
Linxian (T) 7/29(24% )
HLA-B Linxian (T) 5/25(20%)
Linxian (T) 11/29(38% )
HLA-C  Linxian (T) 5/25(20%)
Linxian (T) 9/29(31%)
Chfr Japan (T) 7/43(16.3%)
Cell lines 4/15(26.7%)
APC USA(T) 16/32(50% )
USA(P#) 2/32(6.3%)
MT3 Hebei (T) 10/47(21.3%)
GATA-4 Henan (T) 27/44(61% )

0/75(0) MSP 26
ND MSP 49
ND Bisulfite-PCR 38

Sequencing
ND MSP 41
ND MSP 68
0/47(0) MSP 42
0/75(0) MSP 26
14/47(30% ) MSP T42
ND MSP 47
3/75(4%) MSP 26
0/35(0) MSP 52
3/79(3.8%) MSP 29
3/20(15%) MSP, DHPLC 44

0./29(0) MSP 50

0/75(0) MSP 26

0/29(0) MSP 50

5/75(7%) MSP 26

0/29(0) MSP 50

2/75(3%) MSP 26

0/29(0) MSP 50
ND MSP 48
ND MSP 51
ND COBRA 54

0/44(0) MSP 55

#ANT, adjacent nonmalignant tissue; ND, not done; T, tumor tissue; S, serum sample; B, blood sample; P, plasma

sample

Retinoic acid receptor-beta, cellular retinol-

The adenomatous polyposis coli gene, located

binding protein 1, and tazarotene-induced gene 1 ¢ on chromosome 5g21, is a TSG in the WNT signal-

have been linked to retinoic acid signaling. Little is
known about the involvement of these three genes
in SCC. Mizuiri et al found that DNA hyperme-
thylation of RARB, existed in seven (25.0%) of
the 28 SCC, of CRBP1 in five (17.9% ), and of
TIGI in five (17. 9% ). DNA methylation of
RARR, was identified in one of 10 samples of corre-
sponding non-neoplastic mucosa (10.0% ), where-
as no DNA methylation of CRBP1 or TIG1 was de-
tected. No correlation was found between the DNA
methylation status of RARB and clinicopathological
factors such as depth of invasion, lymph node
metastasis, or tumor stage. In contrast, DNA
methylation of both CRBP1 and TIG1 was ob-
served only in stage [ SOC**). These results
showed that inactivation of the retinoic acid signal-
ing-associated genes RARB,, CRBP1, and TIG1 by
DNA methylation occurred frequently in SCC.

2.4 The APC gene

ing pathway[(’s]. We found that APC shows fre-
quent LOH in esophageal carcinomas, and the
prevalence of mutations in the APC gene in
esophageal carcinomas is low. Hypermethylation of
the promoter region of the APC gene occurred in
abnormal esophageal tissue in 16 (50% ) of 32 pa-
tients with SCC, but not in matching normal
esophageal tissues'® 1], So methylation of the pro-
moter region of this gene constitutes an alternative
mechanism of gene inactivation in esophageal carci-
noma.
2.5 The MGMT gene

The human enzyme O°-methylguanine-DNA
methyltransferase protects the cell from guanine
methylation by irreversibly transferring the alkyl
group of the O°-methylguanine to a specific cysteine
residue within the molecule’®’. Approximately
20% of tumor cell lines lack MGMT activity and
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are highly sensitive to alkylating agents'%%7'. In

established cancer cell lines, MGMT expression ap-
pears to be correlated with methylation in the pro-
moter of the gene->>%). The development of SCC
has been linked to exposure to carcinogens such as
nitrosamines that cause various alkyl DNA damages
and MGMT is a primary defense against alkylation-
induced mutagenesis and carcinogenesis. We found
that 18 (72% ) SCC samples had DNA hyperme-
thylation in the MGMT promoter region, and that
the frequency of the loss of MGMT mRNA and
protein expression was highly correlated with
MGMT promoter hypermethylation according to
Fisher’s exact tests?®>). The gene has been shown
to be methylated in 46/119 SCC (38.7% ), but all
21 normal esophageal tissues had unmethylated
MGMT!3],
2.6 The E-cadherin gene

E-cadherin is a Mr 120, 000 transmembrane
glycoprotein expressed on the surface of epithelial
cells. In epithelial tissues, E-cadherin mediates ho-
mophilic, Ca?*-dependent intercellular adhesion
that is essential for the maintenance of normal tis-
sue architecture'*’. Loss of E-cadherin expression
occurs in a variety of human tumors and is correlat-
ed with invasion and metastasis, and activation of
E-cadherin results in the growth inhibition of tumor
cell lines'®”!. E-cadherin can be targeted by both
genetic and epigenetic means. Moreover, the hy-
permethylation of E-cadherin was seen frequently in
most tumor types, but mutations only frequent in a
small number of specific subtypes'®”’. E-cadherin,
a cell adhesion molecule, is regarded as an invasion-
suppressor molecule and a prognostic marker in
many types of human cancers. In esophageal carci-
noma, downregulation of E-cadherin is common
and is associated with an increase in invasive and
metastatic potential, but mutations of the gene are
rare*”). E-cadherin was methylated in 16 of 20
(80% ) SCC samples in Hong Kong people and 4 of
6 SCC cell lines!*®’. And treatment of E-cadherin
negative carcinoma cells with the demethylating a-
gent, 5-aza-2’-deoxycytidine, induced re-expres-
sion of the gene'*’. In Japan, E-cadherin was
methylated in 25 of 41 (61%) SCC samples’®".
However, we found that E-cadherin was methylat-
ed in 4 of 25 (16% ) SCC clinical samples in Linxi-
an, Northern China'?®'. These data suggest that
epigenetic silencing via aberrant methylation of the
E-cadherin promoter is the critical mechanism for
inactivation of this gene in esophageal cancer, and
that the frequency of the hypermethylation of E-
cadherin varied with the patients from different re-

gions.
2.7 The TSLC1 gene

Tumor suppressor in lung cancer was first
characterized as a TSG in human non-small cell
lung cancer and termed TSLC1'%. The tumor
suppressor role of this gene has been demonstrated
in the cell lines of NSCLC, hepatocellular carcino-
ma, pancreatic cancer and SCC%®%)  Toss of
TSLC1 expression was observed in 75% of the SCC
cell lines and 50% of the primary tumors from SCC
patients %! . Kaganoi e al'%’ examined the methy-
lation status of six cytosine residues of CpG sites in
a putative promoter sequence upstream from the
translation initiation site by bisulfite sequencing in
four cell lines, including KYSE270, which ex-
pressed TSLC1, and KYSE410, KYSES520, and
KYSE960, which did not express it, and found
that all of the cytosine residues in KYSE270 DNA
were unmethylated, whereas all of the six cytosine
residues in KYSES520 DNA and five residues in
KYSE410 and KYSE960 DNA were methylated.
Especially, the cytosine residues in KYSE520 DNA
were all hypermethylated.
2.8 The RASSF1A gene

Many known Ras effectors are oncoproteins on
their own. Less is known about Ras effectors pos-
sessing tumor suppressor properties ). Recently,
a new family of genes encoding a putative Ras ef-
fector, the Ras-association domain family 1 gene,
has been identified within the critical lung and
breast cancer deletion region at 3p21. 3. The
RASSF1 locus encodes several major transcripts by
alternative promoter selection and alternative mR-
NA  splicing: RASSFIA, RASSFIB and
RASSFIC. Many studies have suggested that
RASSFIA was a new putative TSGH2 42:46]
RASSFIA acts as a negative effector of Ras in a
pro-apoptotic signaling pathway. Interestingly,
mutational inactivation of this gene is very rare (<
2% ), and the main mechanism of its inactivation is
through promoter methylation and LOH“®). The
RASSFIA isoform is highly epigenetically inacti-
vated in lung, breast, ovarian, kidney, prostate,
thyroid, esophagus and several other carcino-
mas . Hypermethylation of RASSFIA was de-
tected in 73% of SCC cell lines and 51% of prima-
ry SCC from Japan, whereas only 4% of RASSF1A
hypermethylation were detected in corresponding
noncancerous tissues- 2. There was a statistically
significant correlation between the presence of hy-
permethylation and tumor stages'?’’. Hypermethy-
lation of RASSF1A was found in 3/7 (43%) of
SCC cell lines and 22/64 (34%) of primary SCC

from Hong Kong peoples’®*). These findings sug-
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gest that epigenetic silencing of RASSF1A gene ex-
pression by promoter hypermethylation could play
an important role in SCC carcinogenesis.

Besides the above mentioned genes, there are
hypermethylation of some other genes involved in
esophageal cancer, including hMLH1 (0 -
66.7% )[26.36,45.53] , VHL (8-13% )L26,42] 5 MT3
(21.3%)1%), NMDAR2B (95%, USA)B!Y,
LRPIB (14.7%, Japan)" !, Trypsin (50%,
USA ), ECRG4 ( 60%)), GATA-4
(61% )%, Chfr (16.3%, Japan)'®! and HLA
class 1126-%) including HLA-A (4-24%), HLA-B
(20 —38% ) and HLA-C (20 —31%). Because of
the limited case number and low frequency of
methylation or the populations outside Asia, the
discussion was not expanded on these studies.

3  Methylation in Serum from the Esophageal
Cancer Patients

DNA methylation of the promoter region of
certain cancer-associated genes is one potential early
detection biomarker 2331 Genetic analysis has
shown that cell-free circulating DNA in plasma or
serum of cancer patients share similar genetic alter-
ations to those described in the Table 125:28:30:51]
Numerous studies have demonstrated the presence
of promoter hypermethylation of tumor suppressor
genes in the serum DNA of patients with various
cancers™®). Hypermethylated APC DNA was ob-
served in the plasma of two of 32 (6. 3%)
SCCHY. Hibi et @' found that aberrant promot-
er methylation of the pl6 gene was detected in 31
of 38 (82% ) SCC, and 7 of these 31 (23%) pa-
tients with a pl6 alteration in the primary tumor
had the same methylation changes in the corre-
sponding serum DNA. This study vielded a promis-
ing result: a tumor associated DNA alteration could
be detected in the serum of 18 % of SCC patients (7
of 38 patients) using pl6 methylation as a target.
Moreover, the clinical sensitivity of this assay can
be potentially improved by incorporating other pos-
sibly methylated target genes, which has been esti-
mated in other tumor types. For example, Fukami
et al'® analyzed primary NSCLC and serum from
22 patients for the methylation pattern of four TSG
(DAPK, GSTP1, pl6 and MGMT). Methylation
of at least one of these genes was detected in 68%
of NSCLC. Comparing primary tumors with
methylation and matched serum samples, 73% of
the matched serum samples were found to be
methylation. In addition, none of the sera from the
patients with tumors not demonstrating methyla-
tion was positive'-ﬁg]. Yao et al detected 61% pl6

methylation in 56 serum samples of SCC by nMSP.
In contrast, 27% pl6 methylation in 56 serum
samples of SCC was detected by MSP'® . There-
fore, combined detection of aberrant promoter hy-
permethylation of cancer-related genes in serum
may be useful for esophageal cancer diagnosis or the
detection of recurrence. Improved method to detect
methylation would increase sensitivity.
3.1 Early aberrant DNA methylation in
esophageal carcinogenesis

In many tumors, it has been proved that aber-
rant DNA methylation frequently occurs in precan-
cerous tissue as well as cancer tissue, and both fac-
tors, genetic and epigenetic, lie at the origin of car-

(597 The relative contribution of each

varies significantly in different human tumors®®’.
In our previous report, we compared hypermethy-
lation of pl6, pl5, pl4, HLA-A, -B, -C,
hMLH1, E-cadherin, FHIT and VHL genes in
SCC tumor, neighboring normal and precancerous
tissues. We found that in 48 biopsy samples with
BCH or DYS, the most frequent hypermethylated
genes were pl6 (18.8%) and pl14*®(14.6%),
and seventeen out of these 48 samples (35.4%)
contained hypermethylation of at least one genel2®.
In the resected tissue samples, 52% of the BCH
and 81% of the tumors showed hypermethylation
of at least one gene. Moreover, genes hypermethy-
lated in earlier stage lesions were always found hy-
permethylated at the later stage lesions in the same
patient'?®) . In another study, we reported that two
of 17 (12%) normal, 9 of 21 (43% ) BCH, 7 of
12 (58% ) DYS, and 14 of 20 (70% ) SCC samples
had hypermethylation of the RARB, promoter re-

gion[40]. As to progression of EAC, it has been re-
ported that, methylation of the pl6 promoter was
detected in 18 of 22 (82%) EAC and 10 of 33
(30% ) premalignant lesions, whereas no methyla-
tion of the pl6 promoter was found in normal
esophageal epithelial®'. These data suggest that
aberrant DNA methylation participates early in the
development of esophageal cancer. Recent studies
showed that epigallocatechin-3-gallate ( EGCG),
the major polyphenol from green tea, inhibited
DNMT activity and reactivate several methylation-
silenced genes, including pl6, RARJ,, MGMT
and hMLHI1, in human esophageal cancer KYSE
510 cells, accompanied by the expression of mRNA
of these genes ™). The result suggests that methy-
lation might be a new target of chemopreventive ac-
tivity. In the last two decades, it has been proved
that many drugs, such as tamoxifen, aspirin,
COX-2 inhibitors, possess positive chemopreventive

cinogenesis
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activity against esophageal cancer'*’. However, the

related mechanisms have not been elucidated so far.
Therefore, it will be very attractive to examine the
effect of these drugs on promoter methylation status
of key genes in esophageal precancerous lesions.
3.2 Hypermethylation as a target of therapeutic
intervention

It has been reported that demethylating agents
5-azacytidine and 5-aza-2"-deoxycytidine can reacti-
vate the demethylated state of several TSG and increase
their expression in various cancers, including esophageal
cancer, in vitro and in viwo!2?335 772 Gipee
methylation and transcriptional status are inversely
correlated, the use of demethylating agents appears
to be a promising option for the treatment of tu-
mors. Methylation of genes in tumor cells could
provide a tumor specific target for new thera-
piest3335 7 In fact, these demethylating agents
have exhibited significant activity in the treatment
of patients with myelodysplastic syndrome, chronic
myeloid leukaemia and acute myeloid leukaemi-
a-?»" However, preliminary experience with
these agents in solid tumors has been relatively
poor 23] Esophageal tumor shows a high preva-
lence of TSG hypermethylation, and the above
studies demonstrated that gene expression could be
restored after treatment of esophageal tumor cells
with demethylating agents in vitro. However, up
to date the clinical trial about demethylating agents
in esophageal cancer is unavailable. Although it is
too early to make any expectation about the effect
of these drugs on esophageal cancer, this is a very
promising concept and needs to be tested in further
studies! ).
3.3 Significance of methylation in clinical appli-
cation

Emerging evidence suggests a possible prog-
nostic value of gene promoter hypermethylation.
Kawakami ez a/'>" reported that high plasma levels
of methylated APC DNA were statistically signifi-
cantly associated with reduced patient survival.
Schulmann et al'™! analyzed the methylation status
of ten genes (HPP1, RUNX3, RIZ1, CRBP1, 3-
OST-2, APC, TIMP3, pl6, MGMT, pl4) of 77
EAC samples and found that DNA methylation of
some genes individually showed only trends toward
diminished survival, whereas patients whose tu-
mors had >50% of their gene profile methylated
had both significantly poorer survival and earlier tu-
mor recurrence than those without positive methy-
lation. The data suggest that combined detection of
methylation status for multiple genes is a effective
strategy to predict esophageal tumor behavior, to
help staging esophageal cancer, to detect recurrent

disease, and to monitor disease progression or treat-
ment response. Although some genes that are fre-
quently inactivated by methylation and are of prog-
nostic impact for esophageal cancer patients have al-
ready been found, additional genes need to be iden-
tified. Thus, patients with a worse prognosis could
be selected. These patients might benefit from a
more aggressive treatment strategy.

Unlike genetic changes, epigenetic changes
could potentially be reversed using DNA methyl-
transferase inhibitors such as 5-aza-dc in cancer.
Clinically, 5-aza-dc and its analogs have been used
to treat leukemia and lung cancer™ ™). The clini-
cal benefit observed has been associated with the
restoration of previously silenced genes. Additionally,
one potential advantage of using gene methylation
as a biomarker is the fact that its presence or ab-
sence is easily established by use of MSP. Hyper-
methylation biomarkers, in combination with other
molecular markers, such as p5S3 mutation, for pre-
dicting early outset of SCC would be valuable for a
follow-up study in high-risk area for esophageal
cancer.

4 Conclusion and Perspectives

Esophageal carcinogenesis is a multistep pro-
cess of accumulation of genetic and epigenetic ab-
normalities. It has become clear that promoter hy-
permethylation of TSG are important for this pro-
gressive process. The steadily growing list of genes
inactivated by promoter hypermethylation in
esophageal carcinoma provides not only new in-
sights into the molecular basis of the diseases but
also a long list of interesting candidate genes for the
development of molecular biomarkers for high-risk
subject screening and early diagnosis. In addition,
the fact that methylation could be reversed in vitro
raise a new treatment strategy for esophageal cancer
treatment and prevention. It is much desirable to
develop methylation biomarker from cell free circu-
lating blood samples which is of apparent signifi-
cantly in large-scale mass survey for high-risk sub-
ject screening in the high-risk areas for esophageal
cancer. Furthermore, It is crucial to establish stan-
dard method in methylation detection to make a
fundamental conclusion.
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