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Background: E (epithelial)-cadherin,

blotting in four of the six tumor tissues
demonstrating hypermethylation. Con-
clusions: The E-cadherin promoter fre-
guently undergoes hypermethylation in
human gastric cancers, particularly
those of the undifferentiated-scattered
histologic subtype. E-cadherin pro-
moter hypermethylation is associated
with decreased expression and may oc-
cur early in gastric carcinogenesis.
[J Natl Cancer Inst 2000;92:569-73]

E (epithelial)-cadherin is a member of
a family of transmembrane glycoproteins
responsible for calcium-dependent
cell-to-cell adhesion that also appear to
play roles in organogenesis and morpho-
genesis(1). E-cadherin complexes and
connects actin filaments witk-, B-, and

the cell adhesion molecule also consid- y-catenins, which are themselves in-
ered a potential invasion/metastasis Vvolved in tumorigenesis, making the
suppressor, is mutationally inactivated E-cadherin-mediated cell adhesion sys-
in nearly half of all undifferentiated- tem a likely target of inactivation in hu-

scattered (diffuse-type) gastric carcino- Man tumors [for reviewsee (2). Somatic

mas. In addition, silencing of E-cadherin  altérations of the E-cadherin gene are
by CpG methylation within its pro- More frequ_entln gastric carcinomas of the
moter region has been reported in sev- und|fferent|_ated-scattered (dlffus_e) type
eral gastric carcinoma cell lines. We (3-2) and in lobular breast carcinomas

investigated the methylation status of (6,7),poth of which show histologic fea-
the E-cadherin promoter region in 53 tUres consistent with loss of cell-to-cell

primary human gastric carcinomas.
Methods: Hypermethylation of the
E-cadherin promoter was determined
by utilizing methylation-specific poly-
merase chain reaction (PCR)-single-
strand conformation polymorphism

adhesiveness, than in any other tumor
type. In addition, point mutations of
E-cadherin are frequently accompanied
by loss of the wild-type allele, leading to
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(MSP—SSCP). analysis followed by di- \edicine, Gastroenterology Division, University of
rect sequencing of PCR products. Ex- Maryland School of Medicine, Baltimore Veterans
pression of E-cadherin was studied by Affairs Hospital, and Department of Pathology,

western blot analysis. All statistical
tests were two-sided.Results: Hyper-

methylation of the E-cadherin pro-

moter was evident in 27 (51%) of 53
primary gastric carcinomas examined
by MSP-SSCP. It occurred more fre-
quently in carcinomas of the undiffer-

entiated-scattered type (in 15 [83%] of
18) than in other histologic subtypes (in
12 [34%] of 35) (P = .0011, Fisher’s
exact test), and it was present at similar
rates in early (in six [60%] of 10) versus
advanced (in 21 [49%] of 43) carcino-
mas (P = .73, Fisher’s exact test). Meth-
ylation occurring at all cytosine—

guanosine sequences (CpGs) near the

transcriptional start site was confirmed
in six of six tumors examined by
bisulfite—DNA sequencing, including
two early gastric carcinomas. In addi-
tion, loss or diminished expression of
E-cadherin was confirmed by western
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complete gene inactivation [for review,phism (MSP-SSCP) analysisDNA methylation sodium orthovanadate added atdlymL. The pro-
see (8} Finally, germline mutations of patterns in the E-cadherin promoter region were detein concentration of soluble supernatants from each
this gene have been reported in diffuset_ermined by MSP-SSCR12). MSP distinguishes sample was measured by the Bio-Rad protein assay
tvpe gastric cancer families from bothunmethylated from methylated alleles of a given(Bio-Rad Laboratories, Hercules, CA). Eighty mi-
ype 9 gene based on sequence alterations produced by lbrograms of each sample protein was loaded per lane
New Zealand and Europ€,10). Thus
. R ) p ! : > sulfite treatment of DNA, which converts unmeth-on 4%-15% Tris—HCI polyacrylamide gels (Bio-
E'Cadhe”n satisfies criteria for Class_mca'ylated but not methylated cytosines to uracil, andRad Laboratories) and subjected to electrophoresis
tion as a tumor suppressor gene in th@ubsequent PCR using primers specific to eitheat 100 volts for 3 hours at room temperature. A
human stomacl(|2). methylated or unmethylated DNAL2). We used second identical gel was simultaneously subjected to
In addition to the classic two-hit inac- SSCP after bisulfite modification to assess the clonatlectrophoresis for Coomassie brilliant blue staining
tivation mechanism alluded to above, E€xpansion of differentially or partially methylated to confirm equal loading of protein§l8). Protein
cadherin can be silenced by Cytosine§equences, reasoning that they should posseess transferred to Trans-Blot transfer medium nitro-
: L euni bilities. Primer sequences weré 5 cellulose membranes (Bio-Rad Laboratories) by
nosin nce methylation if"'94¢ M° . . .
ﬁﬂ?n;ns tuem(g’p(g)llslienqeuse irC1§|u d?rggygaatsc;ric GTGAATTTTTAGTTAATTAGCGGTAC-3 and electroblotting. After the blocking of nitrocellulose
. . ! . . 5'-CATAACTAACCGAAAACGCCG-3 for meth- membranes in 5% nonfat dry milk in phosphate-
carc!noma celllines, as well as in p”maryylated DNA and 5GGTAGGTGAATTTTTAGT- buffered saline at room temperature for 1 hour, E-
carcinomas of the breast anq thyr@id— TAATTAGTGGTA-3' and 5-ACCCATAAC- cadherin protein was detected by incubating it at
15). Aberrant DNA methylation of pro- TAACCAAAAACACCA-3' for unmethylated room temperature for 1 hour with a mouse mono-
moter region CpG islands serves as aBNA. The PCR-amplified region for methylated clonal antibody against human E-cadherin (Clone
alternative mechanism to coding regior{204 base pairs [bp]) and unmethylated (211 bp®6; Transduction Laboratories, Lexington, KY) at a
mutation for the inactivation of tumor alleles contained 19 CpG dinucleotides, includingl : 2000 dilution. This was followed by incubating
suppressor or other tumor-related genegve CpGs at the primer annealing sites. Primer setthis mixture with an anti-mouse secondary antibody
including retinoblastoma (Rb on Hi _sbanned the transcriptional start site and were deonjugated to horseradish peroxidase at room tem-
Inclu _' 9 ' (RD), v P signed to include methylation sites that correperature for 1 hour. Bands were visualized by ECL
peI—Llndau (VHL)’ p16 (also known as sponded best with transcriptional silencing of thegenhanced chemiluminescence; Amersham Life Sci-
INK4a), pl15 (also known as INK4b), g-cadherin gene in published literat®). Briefly, ~ence Inc., Arlington Heights, IL) and exposed to
hMLH1 (also known as human mut-L ho-1 ug of genomic DNA was denatured by treatment<odak BioMax MR film for 10-30 seconds.
mologue), and E-cadherif12,14,16,17). with NaOH and modified by sodium bisulfite. DNA  Statistical analyses.Statistical analyses were
i i - samples were then purified with the use of Wizardperformed with the use of Fisher's exact test by
Furthermore,in vitro, de novomethy
ation of the E-cadherin promoter regi(-mDNA purification resin (Promega Corp., Madison, Statview 4.5 and superANOVA software for the
may involve the entire CpG island of theWI)’ again treated with NaOH, precipitated with Macintosh (SAS Institute Inc., Cary, NC). Two-
. . thanol, and resuspended in water. Extracted DNAided tests were used to calcul@®ealues.
promoter, including the central area o

. - ~samples (100 ng each) were amplified in 2b of
highest CpG density near the transcrippyfter (16.6 nM ammonium sulfate, 67 M Tris

tional start site(14). [pH 8.8], 6.7 "M MgCl,, and 10 nM 2-mercapto- RESULTs
In this study, we investigated the meth-ethanol) containing 100 of each primer, 0.2 i
ylation status of the E-cadherin promotepf each deoxynucleoside triphosphate, and.0.of MSP-SSCP and sequencing analy-

7 . . . _32 = H o 1
in primary human gastric carcinomas. WE%]“ P]de°xyfyt'?'"e t”PhOSphatf' RehaCt'°”§.Wer%es.HypermethyIated alleles were present
found that this promoter is frequently hy- eated to 95 °C for 5 minutes before the addition oIn 27 (51%) of 53 primary gastric carci-

. . : 1 U of Tag polymerase (Life Technologies, Inc. °_ P y g
permethylated (particularly in gastric tu-.g ;50 BRL), Gaithersburg, MD). PCR was per- Nomas. This hypermethylation was more
mors of the undifferentiated-scatteregomed for 35 cycles in a thermal cycler (RoboCyclerfrequent in carcinomas of the undifferen-
type), that hypermethylation occurs earlstratagene Cloning Systems, La Jolla, CA) consistiated-scattered type (83%; 15 of 18) than
in gastric carcinogenesis, and that hypelirg of denaturation at 95 °C for 30 seconds, annealy, those of other histologic subtypes

methvlation uniformly affects a large ing at 57 °C for 30 seconds, and extension at 72 ° o/ _ ; ) _

C G-)r/ich region With?ln the E-Cadhe?infor 30 seconds, followed by a final 4-minute exten-?34/°' 12 of 35) P = .0011, FISher S X
P 9 sion at 72°C. Then, 2L of the PCR product was aCt test) and was present at a similar rate

gene promoter. diluted 10-fold with gel-loading buffer, heated to in early (60%; six of 10) versus advanced

94 °C for 2 minutes, and stored on ice until analysis(49%; 21 of 43) carcinomasP(= .73;
MATERIALS AND METHODS Electrophoresis was performed on a 6% neutrafgple 1). Only two patterns of mobility
polyacrylamide gel at 60 W for 4 hours. The gel wagyere detected by MSP—SSCP (Fig. 1). .

Tumor tissues and control samplesFifty-three  dried and exposed to X-ray film at —80 °C overnight. .
gastric carcinomas and their corresponding normal DNA-sequencing analysis.Major and minor T.hesg two species of SSCP_bandS from@
tissues were obtained surgically from 53 JapanesBSCP bands from six different tumors were excise§iX different tumors were directly se-
patients at the Iwate Medical University, Morioka, from gels and subjected to a second round of PCRUeNced; one species was always entirely
Japan. This study was approved by the Human Sulamplification with the use of the same primers asmethylated, even in ear|y gastric carcino-
jects Committee of the Iwate Medical University, those used in the primary PCR, as previously demas, while the other species was always
and each subject signed an informed consent formscribed(20). These PCR products were purified and  ...: :
before tissue was obtained. The tumors included 2dequenced with the use of an automated DNA see—ntlrely unmethylateds(seFlg. 2 for se-
differentiated and 29 undifferentiated carcinomasjuencer (type 373A; Applied Biosystems, FostedU€NCINGg h'StOQrfamS)' These results sug-
(18 scattered-type tumors and 11 adherent-type t@ity, CA). The matching GenBank accession numgested that partially methylated alleles
mors) and constituted 10 early (depth of invasiorber was 34545, were not present in these tumors.
limited to the mucosa or submucosa) and 43 ad- Western blot analysis.Sections of frozen tissue Western blot analysis_Western blot-
vanced (invasive) carcinomas. DNA was extracteavere prepared in ice-cold RIPA buffer (i.e., 1x Tris-ting was performed in 12 tumor tissues
by standard methodd 8). DNAs from MCF-7 and buffered saline, 1% Nonidet P-40, 0.5% sodium debf variable histologies: six methylated
from MDA231 breast cancer cell lines were used asxycholate, and 0.1% sodium dodecy! sulfate) at .
unmethylated and methylated controls, respectivelgoncentration of 200ug/mL, with 10 mg/mL %nd SI,X unmethylated_. Loss or ,marked
(12). phenylmethylsulfonyl fluoride in isopropanol addedredUCtlon .Of E-cadherin _expressmn was

Methylation-specific polymerase chain reac- at 10p.L/mL, with aprotinin (Sigma Chemical Co., Observed in four of the six hypermethyl-
tion (PCR)-single-strand conformation polymor-  St. Louis, MO) added at 3QL, and with 100 M ated tumors: three undifferentiated-
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Table 1.Association of hypermethylation of the CpG island in the E-cadherin promoter with histolog

type or stage

Methylation status

Methylated Unmethylated

Histologic subtype

Undifferentiated-scattered 15 3

Others (24 differentiated and 11 undifferentiated-adherent) 12 23
Stage

Early 6 4

+

Advanced 21 22

*Two-sidedP = .0011 by Fisher's exact test.

TTwo-sidedP = .73, not significant by Fisher’'s exact test.

Fig. 1. Methylation-specific polymerase chain
reaction (PCR)-single-strand conformation
polymorphism analysis of the E-cadherin pro-
moter region in six undifferentiated-scattered
gastric carcinomas (M162, M224, M226,
M158, M275, and M169), three undifferenti-
ated-adherent gastric carcinomas (M270
M157, and M267), and three differentiated
gastric carcinomas (M206, M208, and M216).
Methylated alleles were present predomi
nantly in undifferentiated tumors. Only two
patterns of mobility (methylated or unmeth-
ylated) occurred. MDA231 (MDA) and

MCF-7 cell lines served as controls for the
methylated and unmethylated alleles, respeq
tively. M = methylated PCR products; &

unmethylated PCR products.
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Fig. 2. Sequencing histo-
grams (matching Gen-
Bank accession No.
L34545) of entirely meth-
ylated @A) and unmethyl-
ated B) E-cadherin al-
leles from a primary
human gastric carcinoma

ATTCGGC GTTTGTTTTCGTTCOGCGTTTTCGGT TA

(M162). All CpG sites
were methylated in panel
A; all CpG sites were un-
methylated in panel B, re-
sulting in the sequence
“TpG” after bisulfite
treatment.

140

160 170

M162 M276
T N T N

: p : 5 ; = E-cadherin

M275
T N

150 kDa —
120 kDa =

Fig. 3. Western blot analysis of expression of the
120-kilodalton (kDa) E-cadherin protein in three tu-
mor samples, including two undifferentiated-
scattered tumors (M162 and M275) and one differ-
entiated tumor (M276) exhibiting loss or reduction
of E-cadherin expression associated with hyper-
methylation, and matching normal tissues. Addi-
tional bands (approximately 150 kDa) are nonspe-

cific and have been reported on other western blots

(15). T = tumor; N = normal tissue.

E-cadherin expression in 10 (83%) of 12
tumor tissues.

DiscussioN

Our observations demonstrate that

E-cadherin promoter hypermethylation
occurs frequently in primary gastric car-
cinomas, especially in tumors of the un-
differentiated-scattered histologic type,

and is associated with diminished expres-

sion of E-cadherin. Our findings corrobo-
rate previous immunohistochemical stud-
ies of E-cadherin in primary gastric
carcinomas(21-23),in which reduction

of E-cadherin expression was observed in

54%-100% of undifferentiated carcino-

mas. However, these previous reports did
not evaluate E-cadherin promoter hyper-
methylation. Among these reports, Oka et

al. (21) studied Japanese patients with

gastric carcinoma and found reduced E-

cadherin expression in 46 (85%) of 54
undifferentiated tumors and in 18 (30%)
of 61 differentiated tumors, rates actually
similar to the rates of hypermethylation
reported in our study.

Inactivation of the E-cadherin gene via
the classic two-hit mechanism is most
prevalent in gastric carcinomas of the un-
differentiated-scattered type, occurring in
nearly half of tumors of this typ€3,5).
The high prevalence of hypermethylation

and the reduced expression of E-cadherin,

coupled with this high historic mutation
rate, strongly suggest that inactivation of
E-cadherin plays a dominant role in the

scattered and one differentiated tumoof E-cadherin compared with their match-development and/or progression of dif-
(Fig. 3). E-cadherin was expressed in onang normal tissues, regardless of histolfuse/undifferentiated gastric carcinomas.
tumor of the undifferentiated-adherentogy. Specifically, two unmethylated car-However, because disruption of the E-

type and in one signet-ring cell carcinomacinomas of the undifferentiated-scatteredadherin-mediated cell adhesion system
of the undifferentiated-scattered typetype expressed amounts of E-cadherimay occur by other mechanisms, it is pos-
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even though a hypermethylated allelesimilar to those expressed by their corresible that genetic and epigenetic changes
was present. In contrast, all six unmethsponding normal tissues. Thereforein other molecules, such as- and
ylated tumors expressed similar amountmethylation status was predictive off3-catenins, are also involveg@).
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Moreover, precise E-cadherin pro-E-cadherin-expressing tumors exhibiting (7) Berx G, Cleton-Jansen AM, Nollet F, de
moter regions affected by DNA hyper-complete promoter hypermethylation. We  Leeuw WJ, van de Vijver M, Comelisse C, et
methylation have not been extensivelyspeculate that, in these specimens, a small & E-cadherin is a tumourfinvasion suppressor
studied. Graff et al(14) studied time- population of hypermethylated tumor gel\ﬂr'gom;tf;%%,'zﬁg%?_'lc’sb“Iar breast cancers.
dependentde novomethylation of cells coexisted with unmethylated tumor (8) Berx G, Becker KF, Hofler H, van Roy F. Mu-
E-cadherin CpG islandim vitro and ob- cells. In fact, simultaneous coexistence of * 4tions of the human E-cadherin (CDH1) gene.
served that methylation originating in ei-methylated and unmethylated E-cadherin = Hum Mutat 1998;12:226-37.
ther flanking region spread with contin-alleles has been reported in tumor-derived©) Guilford P, Hopkins J, Harraway J, McLeod
ued cell passage to eventually include theell lines(15). M, McLeod N, Harawira P, et al. E-cadherin
central region of highest CpG density, The timing of hypermethylation during germline mutations in familial gastric cancer.

i mor development may vary among dif- _Nature 1998;392:402-5.

probably because it was protected by Spt ; p e y ty Ag 4o(10) Gayther SA, Gorringe KL, Ramus SJ, Hunis-
elements. It has been suggested that DNﬁgrefn genes and tumor types. AS dex= | D, Roviello F, Gerhan N, et al. Identifi-
methylation may differ among genes, tU'SC”bed above, hypermethyl_atlo_n _Of cation of germ-line E-cadherin mutations in
mor types, patients with the same tumOPMI_-Hl was a late event, occurnng IN iN- - gagtric cancer families of European origin.
type, or even individual tumor cells VaSIve gastric carcinomas but notin adja-  cancer Res 1998:58:4086-9.
within the same patient24). For ex- cent carcinoma situ (27).In contrast, (11) Yoshiura K, Kanai Y, Ochiai A, Shimoyama

. S . T hypermethylation of pl6 has been re- Y, Sugimura T, Hirohashi S. Silencing of the
ample, intraindividual and interindividual ! ) L9 X S
heterogeneity of p15 gene promoter hyported in 75% of carcinomas situ adja- E-cadherin invasion-suppressor gene by CpG

. - . Il lun rcinom methylation in human carcinomas. Proc Natl

permethylation was reported in patient§€Nt 10 squamous cell lung carcinomas  ° 2 - 50 oo e
with acute myelogenous leukemia (AML) 29). Our study showed that the E- R, | ;

(24,25); in contrast, p16 gene CpG iS_cadherin promoter is hypermethylateo(lz) Herman JG, Graff JR, Myohanen S, Kelkin

in int | . fth BD, Baylin SB. Methylation-specific PCR: a
lands were either entirely methylated of VEN IN Intramucosal carcinomas of € 5e) pCR assay for methylation status of CpG
unmethylated in malignant melanomas

stomach and, therefore, may constitute an jsjands. Proc Natl Acad Sci US A 1996;93:
! early event in gastric carcinogenesis. 9821-6.

26).Results of MSP-SSCP and direct se- . X . .

(26).Re of MSP-SS ¢ In conclusion, the E-cadherin gene ig13) Graff JR, Herman JG, Lapidus RG, Chopra H,

quenCi_ng in our study proved the pre_sencﬁqactivated by genetic and epigenetic  Xu R, Jarrard DF, et al. E-cadherin expression
of entirely methylated but not partially

. . : mechanisms in the great majority of pri-  is silenced by DNA hypermethylation in hu-
methylated .aIIeIes in gastric carcmoma%nary human gastric carcinomas of the un- M2 breast and prostate carcinomas. Cancer
of the undifferentiated-scattered type

differentiated-scattered typim vivo. In Res 1995/55:5195-9.
suggesting that partially methylated al- yp ~ M (14) Graff JR, Herman JG, Myohanen S, Baylin SB,

leles were not present or did not clonalchom.un(:tior.1 with historical data showing vertino PM. Mapping patterns of CpG island
expand in these tumor samples. Our r noint mutations of E-cadherin in both germ-  methylation in normal and neoplastic cells im-
Ip ) ith ples. | ine DNA and somatic DNA of families plicates both upstream and downstream regions
sults are consistent with previous resutty , iniviqual patients with gastric carci-  in de novamethylation. J Biol Chem 1997;272:
in AML patients, showing a paucity of |, "o\ vesuits support the hypothesis _ 22322-9.
clonal expansion of partially methylatedthat é)verall E-cadherin may represengf’) Graff JR, Greenberg VE, Herman JG, Westra
i ! ’ L WH, Boghaert ER, Ain KB, et al. Distinct pat-
p15 aIIeIes(24), afﬁd with other result_s, one of the most definitive tumor suppres- ? P
demonstrating uniform p16 methylation

h e . terns of E-cadherin CpG island methylation in
patterns in melanoma@6). Nevertheless, sor genes thus far identified in the human  papiliary, follicular, Hurthle’s cell, and poorly
it is possible that we failed to detect par-

stomach. differentiated human thyroid carcinoma. Can-
cer Res 1998;58:2063-6.

tially methylateq_ alleles becaus_e OurR (16) Stirzaker C, Millar DS, Paul CL, Warnecke
methylation-specific PCR primers did notEFERENCES PM, Harrison J, Vincent PC, et al. Extensive
amplify DNA samples in which the DNA methylation spanning the Rb promoter in
primer annealing sitper sewas partially (1) Takeichi M. Cadherin cell adhesion receptors retinoblastoma tumors. Cancer Res 1997;57:
methylated. as a morphogenetic regulator. Science 1991;  2229-37.
; 251:1451-5. (17) Herman JG, Umar A, Polyak K, Graff JR,

hMRLaiently’ hypermethylathn of th.e (2) Hirohashi S. Inactivation of the E-cadherin- Ahuja N, Issa JP, et al. Incidence and func-

genc promo_ter associated with mediated cell adhesion system in human can-  tional consequence of hMLH1 promoter hyper-
loss of gene expression has been reported ¢ers. Am J Pathol 1998;15333-9. methylation in colorectal carcinoma. Proc Natl
in gastric carcinomag7,28).These find-  (3) Becker KF, Atkinson MJ, Reich U, Becker I, Acad Sci U'S A 1998;95:6870-5.
ings were observed in invasive carcino-  Nekarda H, Siewert JR, et al. E-cadherin geng18) Sambrook J, Fritsch EF, Maniatis T. Molecular
mas but not in adjacent carcinorirasitu mutations provide clues to diffuse type gastric cloning: a laboratory manual."? ed. Cold
or dysplastic tissues, suggesting that hy-(4) ﬁ;l’;lrcingmss. Ca:_c'\e/lr ies ;9\?4654?84:_22. fpl;ing Harltjaor (NBégCold Spring Harbor

- . uta H, Noguchi M, Kanai Y, Ochiai A, Na- aboratory Press; .

permethylatlon occurred late I.n tumor de- wata H, Hirohashi S. E-cadherin gene mutation(19) Baylin SB, Herman JG, Graff JR, Vertino PM,
velopment(27). Furthermore, it has also in signet ring cell carcinoma of the stomach. Issa JP. Alterations in DNA methylation: a fun-
been suggested that early hypermethyl-  jpn 3 cancer Res 1996;87:843-8. damental aspect of neoplasia. Adv Cancer Res

ation of this gene may occur in a partial or (5) Tamura G, Sakata K, Nishizuka S, Maesawa C, ~ 1998;72:141-96.

in a monoallelic form, only later progress- ~ Suzuki Y, lwaya T, et al. Inactivation of E- (20) Tamura G, Sakata K, Maesawa C, Suzuki Y,

ing to become complete or biallel{@8). cadherin gene i_n primary gastric carcinomas Tera;himg M, Satoh K, et aI_. Micrqsatellite al-

FinaIIy, although the unmethylated status ;nd gizsétg%;:alrfsgorga cell lines. Jpn J Cancer terat'lons in afdtehnomta andhdlf(f:erentlat;d atiggcs:-
. . . es ;87: —9. carcinoma of the stomach. Cancer Res ;

of hMLH1 generally is associated with ée) Kanai Y, Oda T, Tsuda H, Ochiai A, Hirohashi 55:1933-6.

eXpressed protein, some hyp.ermethylate S. Point mutation of the E-cadherin gene in(21) Oka H, Shiozaki H, Kobayashi K, Tahara H,

tumors expressed hMLHL1 in previous invasive lobular carcinoma of the breast. Jpn J  Tamura S, Miyata M, et al. Inmunohistochem-

studies(27,28). Similarly, we found two Cancer Res 1994;85:1035-9. ical evaluation of E-cadherin adhesion mol-
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ecule expression in human gastric cancer. Vir{26) Gonzalgo ML, Bender CM, You EH, Glenden- NOTES

chows Arch A Pathol Anat Histopathol 1992; ing JM, Flores JF, Walker GJ, et al. Low fre-
421:149-56. quency of p16/CDKN2A methylation in spo-

(22) Mayer B, Johnson JP, Leitl F, Jauch KW, radic melanoma: comparative approaches for Note added in proofSubsequent to submission of
Heiss MM, Schildberg FW, et al. E-cadherin methylation analysis of primary tumors. Can-this manuscript, a study was published showing E-
expression in primary and metastatic gastric cer Res 1997;57:5336-47. cadherin 5 CpG island hypermethylation in 25

cancer: down-regulation correlates with cellu-(27) Leung SY, Yuen ST, Chung LP, Chu KM, (41%) of 61 primary gastric cancers (Suzuki H, Itoh
lar dedifferentiation and glandular disintegra- Chan AS, Ho JC. hMLH1 promoter methyl- F, Toyota M, Kikuchi T, Kakiuchi H, Hinoda Y, et

tion. Cancer Res 1993;53:1690-5. ation and lack of hMLH1 expression in spo- al. Distinct methylation pattern and microsatellite
(23) Jawhari A, Jordan S, Poole S, Browne P, Pig- radic gastric carcinomas with high-frequencyinstability in sporadic gastric cancer. Int J Cancer
natelli M, Farthing MJ. Abnormal immunore- microsatellite instability. Cancer Res 1999;59:1999;83:309-13).
activity of the E-cadherin—catenin complex in 159-64. Supported by Public Health Service (PHS) grants
gastric carcinoma: relationship with patient(28) Fleisher AS, Esteller M, Wang S, Tamura G,CA67497, CA77057, CA78843, and CA85069 (Na-
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