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Genomic Alterations in Malignant Transformation of Barrett's Esophagus”
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ABSTRACT and 20. Frequent rearrangements were seen on 1p, 3q, 11p, and 22q
(6). In situ hybridization analyses using chromosome-specific centro-
meric probes demonstrated gains for chromosomes 6, 7, 8, 11, and 12
as well as loss for 17 and Y in these cancers (7-9). Thus far, few
grade dysplasia, and high-grade dysplasia. A genome-wide overview, comparativ_e genomi_c_ hybridization studies have been repor_ted on
based on comparative genomic hybridization, was performed, evaluating @denocarcinomas arising at and around the gastroesophageal junction,
30 Barrett's adenocarcinomas and 25 adjacent precursors,e., 6 meta- Including Barrett-related adenocarcinoma. Frequent losses were re-
plasias, 9 low-grade dysplasias, and 10 high-grade dysplasias. The fre-ported on 4pq, 5q, 9p, 14q, 16q, 17p, 18q, 21q, and Y, whereas
quency of losses and gains significantly increased in the subsequent stagefrequent gain was seen on 1q, 3q, 5p, 6p, 7pq, 89, 12q, 13q, 15q, 174,
of malignant transformation. Losses of 5g21-g23, 9p21, 17p12-13.1,18p, 20q, and Xpq (10-14). Loss of 14q31-g32.1 was detected in a
18021, and Y were revealed in low-grade dysplasias. This was followed by sjgnificantly higher frequency in Barrett-related adenocarcinoma than
loss of 733-q35 and gains of 7p12-p15, 7921-g22, and 17921 in high-graden gastric cardia cancers (13). Furthermore, we described a subset of
?giﬂ:s;s\s’aas'ic\’/gg(;’Z\';tehr'ghgz‘é?t'i;nngfl'I‘:)‘;asizn()(f""é':‘)lj_‘cp;‘izzind‘lgq;;z'l shared alterations in a case of multifocal Barrett's adenocarcinoma

' o 'and adjacent high-grade dysplasia (14). Loss of heterozygosity de-

13g14-931, 14924.3-q31, 16921-922, and 22q as well as gains of 3q25—q273, S
8023-24.1, 12p11.2-12, 15g22-g24, and 20g11.2-q13.1 were distint_:;uishe.rt?Cted frequent allelic imbalance on 4q, 5q, 9p, 13q, 16q, 17p, and 18q

along with HLAs of 8p12-p22 and 20qg11.2-q13.1. Approximately one- N adenocarcinomas, suggesting involvement of &RC’, MCC,
third of the alterations in the dysplasias were also found in the adjacent CDKNZ2A retinoblastoma 1TP53 and DCC genes (15-23). In ad-
adenocarcinomas, illustrating that multiple clonal lineages can be present dition, mutations were revealed TP53andAPC (18). No mutations
in Barrett's esophagus. Novel findings include loss on 7q, gain on 12p, and were found inDPC4, making involvement oDPC4 unlikely (24).
the observation of several HLAs in high-grade dysplasias. Furthermore, |Loss of heterozygosity performed on premalignant lesions showed
loss of 7933-g35 was found to represent a significant distinction between jmpalances at 5q, 17p, and 18q (16, 18, 20, 25). An increasing
low-grade and high-grade dysplasiaf = 0.01), whereas loss of 16921-022 frequency of the latter imbalances was detected in the successive
and gain o_f 20g11.2-gq13.1 were disclosed to s_ignificantly discriminate stages of metaplasia, low-grade dysplasia, high-grade dysplasia, and
between h'gh'grgde dyspla_13|a and adenoc.am'noma.P( - 0.02 and adenocarcinoma (16). Recently, loss of heterozygosity was used to
P = 0.03, respectively). This inventory of genetic aberrations increases our . f . . ,
understanding of malignant transformation in Barrett's esophagus and study evolqtlon of neopla;tlc cell Iln_eages_ in Barrett's esophagus,
might provide useful biomarkers for disease progression. demonstrating that premalignant lesions situated around the tumor
consisted of different clonal lineages (26). Protein expression studies
have shown that subpopulations of Barrett's adenocarcinoma can have
INTRODUCTION elevated expression of oncogereRBB2and EGFR whereas only
Barrett h . ft | t of few cases of elevated expression were detected in dysplasia (27, 28).
arretts esophagus arises atter replacement of squamous ep 8\7vever, activation of th&RConcogene (29) and aberrant expres-

lium, “rlllmg the nqrn:ﬁl eds_oEJhlagu?, Vf\":: columrrw]ar eplthellkl)m;).l Th'&on offragile histidine triadwas reported in metaplasias (30). More-
generally occurs in the distal part of the esophagus, probably a.%v%r, polyploidy and aneuploidy have been reported as an early event
result of gastric refluxes (1-3). It occurs in 11-14% of chronlf:n Barrett's esophagus (31)

gastroesophageal rgflux disease pgtlents 2). E.S ophageal gdenocarﬁuc—)day, we are not able to predict malignant progression from
noma almost exclusively develops in columnar-lined Barrett's esopﬁr;

aqus. Barrett's esophaaus is considered a precursor condition for arrett's esophagus to cancer. Therefore, it would be useful to gain
gus. phag p rtngre insight into the genetics underlying this process by creating an

deve_lopment of adenocar_cmoma, which |nclud_es the fo_llowmg Sy wentory of the alterations in Barrett's esophagus and Barrett's ade-
cessive stages: metaplasia, low-grade dysplasia, and high-grade YSarci : ;
. S nocarcinoma by means of a genome-wide overview.

plasia. Over the past decades, the incidence of Barrett-related adeno-

carcinoma has increased rapidly and is most frequently diagnosed in

elderly white _male_s (4). These adenocarcinomas have an eXtr_e”]\‘ﬂl)(TERIALS AND METHODS

poor prognosis, since metastases are frequently present at time of

diagnosis (5). Patient Material. The study was comprised of 30 Barrett-related adeno-
Cytogenetic analyses of Barrett's adenocarcinomas showed fegrcinomas of the distal esophagus and 25 Barrett’'s mucosa specimens, adja-

quent losses of chromosomes 4, 18, 21, and Y, and frequent gain ofat to the adenocarcinomas. The 30 adenocarcinoma samples consisted of 4

stage |, 5 stage IIA, 4 stage 1IB, 5 stage Ill, and 12 stage IV cancers, classified

Received 5/4/00; accepted 1/30/01. acc;])rdlng to t?%gumgr—Node—lr\]/Ietgstamfs classmcatlon (:2). The av_er:age alge
The costs of publication of this article were defrayed in part by the payment of paﬁgt € group (_J patients at the time of resection was 65 years, V‘_”t amale

charges. This article must therefore be hereby masidaertisemenin accordance with 10 female ratio of 5:1. The 25 Barrett's esophagus samples consisted of 10

18 U.S.C. Section 1734 solely to indicate this fact. high-grade dysplasias, 9 low-grade dysplasias, and 6 metaplasias. All but two
1 Supported by Dutch Cancer Society Grant 97-1478 and the Sacha Swarttouw-

Hijmans Foundation.
2To whom requests for reprints should be addressed, at Department of Pathology? The abbreviations used are: APC, adenomatous polyposis coli; MCC, mutated in

Josephine Nefkens Institute, Erasmus University Rotterdam, P.O. Box 1738, 3000 Bdtorectal cancer; TP53, tumor protein p53; DCC, deleted in colorectal carcinoma; EGFR,

Rotterdam, The Netherlands. Phone: (31) 10 4088421; Fax: (31) 10 4089487; E-mgiidermal growth factor receptor; ERBB2,evb-b2 oncogene 2; SRC, v-src avian

riegman@path.fgg.eur.nl. sarcoma oncogene.
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The incidence of adenocarcinoma in Barrett's esophagus has been
increasing rapidly over the past decades. Neoplastic progression is char-
acterized by three well-defined premalignant stages: metaplasia, low-
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GENETICS OF BARRETT'S ESOPHAGUS AND CARCINOMA

samples were collected by manual microdissection of Formalin-fixed, paraffibe (40%), 16q (40%), 7q (37%), 14q (37%), 13q (33%), 17p (30%),
embedded tissue sections. The use of archival, Formalin-fixed tissue secti8pg(30%), 22q (30%), 5q (27%), and 8p (27%). Frequent ga26%o
allowed for a precise selection of representative tumor and adjacent prengpthe tumors) was seen, in decreasing order of frequency, on 20q
plastic areas. Microdissection of the selected areas was performed by scra(:g‘\rg%)‘ 8q (47%), 7p (37%), 7q (37%), 15q (30%), 3q (27%), 12p
successive 1@m tissue sections. Before microdissecting, the slides We@7%)’ and 17q (27%). Many high-level amplifications were dis-
deparaffinated using standard methods and stained for 30 s with hematox;@posed: five at 721 and 8p12-p22, three at 10q21.3-q25 and 20q11.2-

After dehydration by an ethanol series, the slides were treated with 2.
glycerol for 30 s to facilitate dissection. Scraping was performed using a ste %3'1’ two at 17921, and one at 1921, 3926.3, 8924.1, 12p11.2, and

microscope and a 0.4< 12-mm hollow needle. The presence of the lesion wak®d22-024. One patient displayed three different high-level amplifi-
confirmed on H&E-stained tissue sections of the upper and lower boundarigdtions within one adenocarcinoma, whereas two other patients
Two fresh-frozen samples (two metaplasias) were laser microdissected andshewed two within the same cancer. Minimal overlapping regions
DNA was randomly amplified by degenerate oliogonucleotide-primed PORere assigned to pinpoint areas where putative oncogenes or tumor
(33). suppressor genes reside. Minimal overlapping regions for loss in the
DNA Isolation and Labeling. Isolation of DNA from the Formalin-fixed, adenocarcinomas were 3p14-p21, 5q21-g23, 7933-g35, 8p21, 9p21,
paraffin-embedded material was performed using standard procedures. 1%22_32’ 14024.3-q31, 16q21-q22, 17p12-p13.1, and 18g21. Mini-

DNA with fragment size<1 kb was labeled using the Universal Linkagemal overlapping regions for gain were 3025-a27. 7p12-015. 7921-
System biotin labeling kit (Kreatech Diagnostics, Amsterdam, The Nethe bping reg 9 Geo-qel, p-eplo, 4

lands) according to the manufacturer's directions (34). Test DNA with Iarggrzli' 8?23-q_24.1, 12p21.2-p1§,_17q21, T\nc_i 2§q11.2-q13._1. )
DNA fragment sizes was labeled with biotin by nick translation (Nick Trans- 0 alterations were detected in metaplasia by comparative genomic

lation System; Life Technologies, Inc., Gaithersburg, MD). Likewise, malBYbridization. The dysplasias were then screened with emphasis on
reference DNA (Promega Corporation, Madison, WI) was labeled by ni@berrations seen frequently in the adenocarcinomas (see above). An
translation with digoxigenin (Boehringer Mannheim, Indianapolis, IN). average of 3.2 altered chromosomes per sample was observed in
Comparative Genomic Hybridization. Comparative genomic hybridiza- low-grade dysplasia, whereas in 2 of the 9 low-grade dysplasias no
tion was essentially performed according to the procedure described by Kalterations were found. Frequent loss on relevant chromosome arms
lioniemi et al. (35) with some modifications (34). Images were acquired witiyas detected on 5q (22%), 9p (33%), 17p (22%), and Y (22%). No
an epifluorescent microscope (Leica DM; Leica, Rijswijk, The Netherlandgycyrrent gains were seen in low-grade dysplasias. Multiple alter-

equipped with a charge-coupled device camera (Photometrics Inc., Tucsgfo s with an average of 7.6 altered chromosomes per sample, were
AZ), three single excitation filters, a multiband pass dichroic mirror, an L . . L

A . . R . . ound in all 10 high-grade dysplasias. Frequent loss was observed, in
emission filters. For comparative genomic hybridization analysis, Quips

software from Vysis (version 3.1.1; Vysis Inc., Downers Grove, IL) was use _ecreasing order of frequency, on 18q (70%), 7q (60%), 5q (60%), Y

Loss of DNA sequences was defined as chromosomal regions where the miékve), 9p (40%), 17p (40%), and 12q (30%). Frequent ga'_n_ was seen
green to red ratio was below 0.85, while gain was defined as chromosor@@ 130 (40%), 7p (30%), 7q (30%), and 17q (30%). In addition, three
regions where the ratio was above 1.15. These values were based on seri€éghi-level amplifications were detected: two on 7921.3 and one on
normal controls (34). Furthermore, each hybridization included a separdféq21. The following minimal overlapping regions were found in
normal maleversusemale control. Approximately 90% of all paraffin samplesdysplasia: 5q21-g31, 7933-g35, 9p21, 17p12-p13.1, and 18g21 could
were analyzable; five samples were repeated to confirm results. A high-leydd assigned for losses, whereas for gains 7g21-g22 and 17g21 were
amplification probably representing an amplicon was seen as a distinct pggkegled.

(ratio above 1.5). At least 8—10 metaphases were used for the analysis of gainﬁ\ gradual increase was found in the mean number of aberrant
and losses per sample. The data were collected in chromosomal ideograC ?'omosomes, chromosomes showing loss and chromosomes show-

Assignment of candidate genes to smallest regions of overlap was done. 5 in in th . ¢ f taplasia. | de d lasi
screening the genecards database of the Weizmann Irfs(8&e Ing gain In the successive stages of metaplasia, low-grade dysplasia,

Statistical Analysis. Chromosomal regions were subjected to statistic4li9n-grade dysplasia, and adenocarcinoma (Spearman’s rank test, all
analysis if their frequency of imbalance for loss or gain wa5% in the P < 0.001; see Fig. 2). Significant trends regarding increased preva-
adenocarcinoma group. This threshold was empirically chosen at a level whigraces in Barrett's esophagus (metaplasia, low-grade dysplasia, and
“packground” is avoided. Percentages of aberrations between low-grade dyigh-grade dysplasia sequence) were loss of 5921-§3% (0.01),
plasia and high-grade dysplasia, as well as high-grade dysplasia and ad@uB3-g35 P < 0.01), and loss of 18q2P(< 0.01). Extension of the
carcinoma, were evaluated using Fisher's exact test, after it was verified thalquence with the adenocarcinomas revealed significant trends for
there were no statistical associations within patients between the results fog¢kegsed prevalence of loss of 4B € 0.01), 4q P = 0.02),
in adenocarcinoma and in premalignant lesion. Comparison of the subseq%s_q35 P = 0.03), 9p21 P = 0.02), 13q14-q31R = 0.01),

stages of tumorigenesis without (metaplasia, low-grade dysplasia, and hiﬁﬂ'q24 3-g31 R < 0.01), 16g21-g22K < 0.01), 18g21 P < 0.01)

grade dysplasia) and with adenocarcinoma (metaplasia, low-grade dyspl _ ) ;i -
high-grade dysplasia, and adenocarcinoma) regarding prevalences of va?%?_g ¢ = 0.01), and Y P < 0.01). Likewise, significant trends for

characteristics was done using tifetest for trend of percentages. Correlationd&in Were seen on 7p12-p1¥P (= 0.03), 7921-g22 R = 0.03),
coefficients ¢, given are Spearman’s rank tes&= 0.05 (two sided) was 8023-024 P < 0.01), 12p11.2-p12R = 0.03), and 20q11.2-q13.1

considered to be the limit of significance. (P < 0.01) and for high-level amplificationP( < 0.01). About
one-third of the aberrations present in the dysplasia were also found in
RESULTS the adjacent carcinoma (see Table 1). Only patients 22 and 24 had

conserved all aberrations of the premalignant lesions in the adjacent

Comparative genomic hybridization was performed on 30 Barretidenocarcinomas. These findings illustrate that premalignant lesions
related adenocarcinomas and 25 adjacent Barrett epithiedia,6  surrounding the adenocarcinoma consist of several different clonal
metaplasias, 9 low-grade dysplasias, and 10 high-grade dysplasissages (26). Furthermore, all three high-level amplifications de-
(Table 1). The observed aberrations were collected in separate id@eted in high-grade dysplasia could also be distinguished in the
grams, which are shown in Fig. 1. In all 30 adenocarcinomas, multipdeljacent adenocarcinoma. Comparison of increasing frequencies of
alterations were observed (average of 11.0 altered chromosomesHhigh-grade dysplasia and adenocarcinoma revealed two significant
tumor). Frequent lossX25% of the tumors) was detected, in decreastifferences,j.e., loss of 16q21-q22K = 0.02) and gain of 20q11.2-
ing order of frequency, on 18q (63%), Y (60%), 9p (53%), 4p (47%H13.1 @ = 0.03). In addition, a significant increase was observed
between low-grade dysplasia and high-grade dysplasia for loss of
“World Wide Web URL: http://bicinfo.weizmann.ac.il/cards. 7933-935 P = 0.01).
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Table 1 Chromosomal aberrations identified by comparative genomic hybridization

Patient Sex Age

Pathology®

LOSS?

GAIN®

1 F 73

Adenocarcinoma

-1p13-p31;-3p12-pter; -8p21-pter; -9; -10921;
-11p13-pter; -17p11.2-p12; -18q11.2-qter;

+2p14-p16; +20q11.2'-13.2; HLA20g12

T3NOMOG2R1 -22q11.2-qter
. -3p12-pter; -6p22-pter; -733-q34; -14924-q31;
o M a4 Adenocarcinoma  TTisoo5 o8 16q12.1-q22; -17p11.2-p12; +3025-qter; +6q12-q23
T3NIM1G3R1 "18q12-q21
Adenocarcinoma -4p15.1-pter; -9p22-pter; -18q12-qgter; +7p11.2-p21.2; +7q11.2-922; HLA7q21.3;
3 M 50 _ T3NIM1G3R1 -22q11.2-gter; -Y +13931.1; +20q11.2-q13.2
M NA NA
: ) e 4 40 e o +7921-035; +8p21-p22; +8q22-qter; HLA8G24.1;
4 M 85 A}’gmf\;‘;‘é&%’:‘(a 1932-qter; -4; -10; -14q31-qter; 16a121-te6 " gp12-p23; +12p11.2-p12; +12q12-24.2;
+15q11.2-gter; HLA15g22-924
Adenocarcinoma ~3P147P24: -5p15.1-p15.2; -7q33-q35; -8p12-p21; +2q24-g31; +7q11.2-q22; +8q11.2-gter;
5 M 70 L iMIG2R -9p12-p23; -9913-922; -11p15.2-p15.3; +13g21-q22; +17q11.2-22; HLA 17q21;
-14923-gter; -15g11.2-925; -22q11.2-gter +18p11.2-pter; +18q11.2; +20q11.2; +Xq25-qter
Adenocarcinoma ) oa. . 0. +1921-922; +8g22-gter; +10923-q24;
6 M 74 "13n1M1G3R0 9p12-p23; -9q13-g21; -Y +12q15 qter; +15q21-gter; +20
Adenocarcinoma . e T [ . g .
7 M 73 T1NOMOGXRO -4; -17p12.1-pter; -18qg12-qgter; -Y +30q25-q27; HLA3g26.3; +6p12-p21.2; +17g21
Adenocarcinoma ) - e - e +1921-922; HLA1g21; +5033-q34; +8q23;
8 M 88 "ranimiGxRO 5p15-; 8p21-pter; -10p12-pter; ¥ +9931-G32; +11q12-q22
Adenocarcinoma  _ .. R - .. DD - +3012-q13.2; +3q24; +4q22-qter; +7p14-p15;
o m a4 _TINIMOG2RO 10p13; 1331-q32; -17p12; -18921-q22; -Y +7q11.2-q31.1; HLA 7g21; +18p11.2-pter
HGD -5021-qgter; -7q33-34; -9p13-pter; -12q15-qter; +1p12-p31; +1921-925; +2p13; +7p13-p21.1;
-13q21.3-qter; -17p11.2-pter; -18q12.3-qter; -Y +7q11.2-q22; HLA7q21.3; +13q13-q14.1
Adenocarcinoma -3p21-p25; -4p14-pter; -7q32-qter; -8p11.2-pter; +7pi1.2-p14; +8921.3-23; +10923-024;
10 F 52  TiINOMOG3R1 -13g21-qter; -18q21-q22; -22q11.2 +20p11.2-p12; +20q11.2-gter
HGD -1p36.1-pter; -7q33-qter; -14q24-qter +3p12; +6q21; +10921-q25; +18p11.2-pter
Adenocarcinoma -3p13-p24; -9p13-p23; -13q31-932; -Y +7q11.2-q22; HLA 7q21.2
11 M 64 T2N1MOG3R0O
} .. P . . +6q12-922; +7p15-7p21; +7q11.2-q22;
HGD 2q36; -5q31-g34; -9934.1; -12924.1; -17p12 HLA7g21.3; +13q21
Adenocarcinoma -4p14-p15.1; -9p12-pter; -13q14-g21; +3q24-qter; +8q11.2-qter; +10g24-qter;
T3N1M1G2R0 -18g12-qter +12p11.2-pter
12 F 67 -9p13-p22; -12q14-qter; -18q12-qter; .
HGD -20p11.23-pter +17921; +17q24
M NA NA
Adenocarcinoma  -4; -5q13-qter; -13q12-gter; -14q11.2-qter; +6p12-p22, .+9p12-p23; +-9q22-qter;'
T3NOMOG3R0 -16q12.1-gter; -22; -Y +12g21-923; +15q13-gq21; +19p13.1;
) T +19q13.1-gter; +20p11.2-p12; +20q11.2-qter
13 M 53 Aq3i-gter; -5; -7p14-p15; -7q22-qter; +4q28; +8p12; +9q21-qter; +1021.3;
; ' i +10g24-qter; +11p11.2; +11q12; +13g22-qter;
HGD -10p14-pter; -11p14-pter; -12921.1; . K ;
-15q11.2-q14; -17p11.2-p12; -18q12-qer; -Y +15¢21.2-925; +16p11.2-p13.2; +16q23-qter;
: ' : ' : +17q11.2; +17g21-q24; +20q12-q13.1
Adenocarcinoma .
14 M 68 T2NIMOG3RO -18q11.2-gter; -Y +15g24-gter
HGD NA +16p11.2-pter
. -4; -5q21-q32; -6p21.3-p23; -7q32-g34;
A?gﬂ%‘ﬁé‘gggga -14g22-q31; -16p11.2-p13.1; -16912.1-q23; +13q14-q21; +15q22-gter; +X
15 M 76 -17p11.2-p12; -21g21
-2p22-p23.2; -2933-935; -5q31-q34;
HGD -11p14-p15.1; -17p11.2-p12; -18q12.3-g21 NA
-2921-q31; -3p12-pter; -4; -5q11.2-q23; e g . 1.
Adenocarcinoma -6q12-925; -7q32-qter; -9p21-pter; :g p11 g_'ztg:?:_’;z%! 1 tezarpﬁre +172q1 :ef (ﬁ;
T3N1IMOG2R1  -14q11.2-q31; -15q11.2-q24; -16q12.1-gter; -18; q :‘LA% g1 2-q+26 » 2_ 1‘; R
16 M 49 -21q11.2-921; -Y qet.g, +euqit.eqis.
-3p22-p25; -4; -5023-q34; -7g33-7q35; 5012-pter: . . ]
: ] . -pter; +7p21; +13q12-qter; +17q12-g21;
HGD -8p21-8p22; -9p21-9p22; -18p11.2-18pter; P &P F o) ¢
‘18q11.2-18qter; -Y HLA17g21; +Xp11.2-p21; +Xq12-gter
Adenocarcinoma } o tare - +1921-q31; +5p12-pter; +7p11.2-p14;
17 M 53 T3NIM1G2R1 4q32-qter; -14q24.3-qgter; 18921 +12021:+13022-gter; +18p11.2-pter
HGD -7q32-935; -15q12-q14; -189q12.3-q21.1 +X
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Table 1 Continued

Adenocarcinoma

-4p12-p14; -4g12-qter; -5p12-p13; -5q11.2-qter;

+1921-925; +1g32.2-942; +3qg21-qgter;
+6p21.1-p22; +7p11.2-pter; +8p21pter;
HLA8p22; +8g23-gter; +10g21-q22;

s T T3N1MOG3R0 -9p12-p23; -9q13-q33; -18q12-qter; -Y +12p11.2-pter; +15022-q25; +16021-023;
+17921-923; +20q12-qgter
HGD -5q13-q22; -7q33-q35; -9p12-p23; -9q13-q22; +7q11.23; +8p21-pter; +8q11.2-q21.1;
-18q12-gter; -21; -Y +12p11.2-pter; +Xp11.2-p21; +Xq12-gter
-4p12-p15.1; -5q12-qter; -6p23-pter; -6q14-q22;
Adenocarcinoma 7q311%§|1t?r28c1q:)22392pzq1tg:2 ﬁ;éaggjq1té2rfpter; +2p13; +3921; +7p12-p21.1; +8pi2-pter;
T3N1M1G2R1 N ' - . HLA8p21.3; 11g23-qter; +20q11.2
19 F 78 -14921.3-qter; -15q13-g24; -16q13-qter;
-18q12-gter
) I rtap - . ] +1p21-p22; +3923-926.2; +7p11.2-p15;
LGD 2p22-pter; -5q13-gter; -9p13-p21; -17p11.2-pter +7q11.2-qter: +15q21-qter; +16q23-qter
) o ad. ] .. on. ’ . +2q11.2-913; +8q921.2-qter; +9g22-qter; +12pter;
Adenocarcinoma 1p13-p31; . 1924 q32.1., 2p21 p2(.3, 4p12 p15.3., +12022-g24.2; +12q13;
T -4q12-qter; -6q12-q22; -7q21-q31; -8p11.2-pter; . . .
20 M 73 2N1M1G3R0O -8q11.2-q13; -16q12.1-qter: -18; -Y +15qg11.2-24; +16p11.2-p13.2; +17q11.2-gter;
' ’ i T +19; +20q11.2-qterHLA
LGD NA +8q13; +20q11.2-q13.2
-1pa2-pter; -6q25-qter; -7q32-qter; -Bpi2-pter; ¥ ! ?222.g-qéer1; 1*;_"12,21"’1‘?“ 6*‘%1_2;111, 3;7 .5
Adenocarcinoma -9p12-pter; -9q13-g21; -10p11.2-pter; +op +$ 21 ;1 ‘pHL.A7p22. 2’, :8(‘21 ? 22+ P15
21 M 74 T3NOMOG2RO -12q22-qgter; -14q21-gter; -15q14-qgter; » quz 1-qq22',HL A qu2 i 10‘1 b1 g_p i
-17p11.2-pter; -21q11.2-qgter; -22q11.2-gter . e ; !
+12p11.2-p12; +12914-q15; HLA12p11.2
LGD NA NA
-5023-q34; -6q24-gter; -9; -10921-q23; s A . -
Adenocarcinoma -11p14-pter; -11qi4-qgter; -13q12-qter; +2pf§pr32214p;§p:{i XS; chﬁl)qZ‘p;gspter
22 M 63 T3NIMOG3R1 -16921-923; -jgr;:izéy_);ir-mm1.2-qter; HLA10025.1; +12p11.2-pter; +14q22-qter
LGD -16q13-g21; -21g21 NA
Adenocarcinoma ~2P21-p22; -7932{135; -9p?1; -10q23-q25_; +3g25-qter; +7q11.2-q22; +8p11.2-pter;
23 M 51 T1NOMOG2RO -11p15.1-pter; -13g22-qter; -14q24.3-gter; HLA8p21.3
-18g21-922; -22q11.2-qter; -Y ’
LGD NA NA
-2p22-p23; -2933-q34; -4p13-p15.2; -49q31.3-932;
Adenocarcinoma -5p14; -5q21; -7p11.2-p21.2; -7931-q35; . . oo ]
24 F 48 T3NIMOG3R1  -9p12-p23;-11q14; -12q15-23; -13q14-q31;  */911:2 +7022; +8q11.2-22; +17q11.2-q21
-18q12.3-q21; -21g911.2-g21
LGD -12g23; -18g21 NA
Adenocarcinoma 16 17 +5p12-pter; +8p11.2-p12; +8q11.2-g23.3;
25 M 70 _ T3NOMOG2R1 ’ HLA8p12; +20p11.2; +20q11.2-gter; +X
LGD -3p24-3p25; -17p11.2-17p12; -Y +11923; +X
. +6416-g22; +8g21.2-923; +10p11.2-pter;
Aﬁgmm‘é’é‘;’ga -16; -19q13.1-q13.2; -22q11.2-qter; -Y +10q11.2-922; +10g25-qter; HLA10q25;
26 M 61 +13q14-932; +20
-4; -5; -9p12-pter; -11g22-q23.2; -18q11.2-g21;
LGD -20q11.2-q13.1; -Y NA
Adenocarcinoma -3p13-p21; -8p12-pter; -14q22-qter; +f§’;5211p1t:r2+;gp1 1 gpﬂ,? +)7(q111121gt1e n
27 M 63 T1NOMOG2RO -17p12-pter; -18q12-g21; -Y qet-qgter; +20q11.c-q15.1; +Ap1i.c-pet;
+Xg12-qter
LGD -8p22; -9p12-p23; -16p11.2-p12 NA
-1p31.2-p34.3; -3p14-pter; -4p12-pter; +1p12-p22; +1921-g23.1; +2p13.2-p21;
Adenocarcinoma -4031.3-gter; -5q13-g21; -6g24-gter; -7q22-qter; +5p12-p15.2; +5q11.2; +7p12-pter; +8q21.3-gter;
o8 M 70 TINTMOG3RO -8p11.2-pter; -8q11.2-q13; -9p12-pter; +12p11.2-pter; +12q12-q15; +12923-qgter;
-10q11.2-923; -11p14-pter; -16q12.1-qter; -18; +14q12-921; +15g21-qgter; +16p13.1;
-19; -21; -22; -Y +20g11.2-gter; HLA20q13.1
M NA NA
-1p22-p31.1; -3pi2-pter;-4p12-pter; -4q13-q27; p— Do oo
Adenocarcinoma -4q32-qter; -6q16-qgter; -9p12-pter; -11g23-qter,; ;82;2212; :?5511 f 2p§{2er+1?;;125%2221
29 M 67 T3NIMIG3RI '13q21'qter;_gf§11fg_$§'_;_¢8q11'2'qte” +16p11.2-p13.2; +17q11.2-G24; +20q11.2
M NA NA
0 M pe | penocarcinora -4q12-qter; -9p13-p23; -Y +16p11.2-pter; +17; +20
M NA NA

2 Adenocarcinomas were classified according to the Tumor-Node-Metastasis classification (32); HGD, high-grade dysplasia; LGD, low-gradeMyspéaplasia.
b Bold print, aberration identified in both adenocarcinoma and dysplasia of the same patient; NA, no aberrations detected.
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Fig. 1. Losses and gains were collected in chro-
mosomal ideograms to summarize DNA copy num-
ber changes detected by comparative genomic hy-
bridization. Abar on theleft sideof the ideogram
represents loss; bar on theright side represents ,E" S"""UIHHI"'
gain of a chromosomal regio®pen boxesvithin 20
bars represent high-level amplifications. Chromo-
somal ideograms were constructed for adenocarcis
nomas ( = 30; A) and dysplasiasn(= 19; B), the B
latter consisting of 10 high-grade dysplasias and
nine low-grade dysplasias. No alterations were seen
in metaplasiaBlack barsin B, aberrations of the
high-grade dysplasiagray bars aberrations of the
low-grade dysplasias.
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DISCUSSION Reduced expression levels of proteins involved in the E-cadherin-
catenin complex have been described in Barrett's esophagus and
adenocarcinoma (37, 41). Reduced levels of E-cadhericatenin,

and B-catenin in Barrett-related adenocarcinoma correlated with a

The cancer-related genésgile histidine triad CTNNB1(B-cate-
nin), APC, MCC, CDKN2A CTSB (cathepsin B), F37/esophageal
cancer-related leucine-zipper motfEZ1), retinoblastoma 1CDH1 . . - e
(E-cadherin)TP53 DCC EEFR SRCE"an)dERBBZare located within PC°" Prognosis (37, 41). Our comparative genomic hybridization

the smallest regions of overlap on frequently altered chromoso sréowed frequent losses in the vicinity ©DH1 (1622) andCTNNB1

arms discriminated in this study. Moreover, these genes sho (5)21.3-p22), the latter coding fcﬁ-caten!n. In a‘?'d'“or" aberrant
allelic imbalances, mutations, or altered expression in Barrett-relafggPy Numbers were detected of gene loci harboring genesAR@
adenocarcinoma (15, 18, 22, 24, 25, 27, 29, 30, 37—41). OtH%?’FR IGF1R andSRC.Wh‘lch can mfluence mamtenancg and ex-
candidate genes, such as caspas€&3P3, tumor necrosis factor- Pression levels of proteins involved in the cadherin-catenin complex
related apoptosis-induced ligand receptorTVERS10B TSHR v-  (43)- It has been shown that subpopulations of Barrett's adenocarci-
Ki-ras2 Kirsten rat sarcoma 2 viral oncogen&RAS3, hepatocyte noma have elevated or overexpression of ERBB2 (27, 28), possibly a
growth factor v-myc myelocytomatosis NIYC), and insulin-like 9ene dosage effect. Although a high frequency of loss is observed on
growth factor 1 receptolGF1R), can be selected based on locatioghromosome 4, it was not possible to assign a smallest region of
and oncogenic or tumor-suppressive potential in geneeaj, overlap. This could be due to a high density of involved tumor
TNFSR10Bis of interest, since it is expressed in the proliferatinguppressor gene loci on chromosome 4, which is supported by a recent
compartment of colonic crypt mucosa and loss of this locus has bdess of heterozygosity study. The authors described that at least three
reported for colon cancer (42). Several members of the cadherin gés@ on the long arm of chromosome 4 were frequently altered in
family, e.g, CDH1 (E-cadherin) are located on 16q21-q22 (43)Barrett’'s adenocarcinoma (17).
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