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Lymph node metastasis is one of the strongest neg-
ative prognostic factors for patients with Barrett’s
adenocarcinoma (BCA). However, despite the im-
portance of the metastatic process in BCA, the mo-
lecular basis of it remains poorly understood. To
search for cytogenetic events associated with metas-
tasis in regional or distant lymph nodes in BCA, we
investigated 8 primary BCA and their lymph node
metastases and compared them with 18 nonmeta-
static BCA. In metastatic primary BCA, we observed
significantly more DNA gains on 3q (P 5 .013), 17q
(P 5 .019), and 22q (P 5 .021) compared with non-
metastatic primary BCA. No statistically significant
correlation could be observed between DNA copy
number changes and the histopathologic stage,
grade, or survival (P > .05). The most frequent al-
teration observed only in lymph node metastases
but not in the related primary tumor was loss of 2q
(5 of 8). Coamplification of 7p and chromosome 17
was found in 6 of 8 lymph node metastases. A com-
parison of DNA copy number changes between pri-
mary tumors and their corresponding metastases
indicated a high degree of genetic heterogeneity.
Fluorescence in situ hybridization analysis demon-
strated the involvement of the Her-2/neu gene in
primary BCA and its related lymph node metasta-
ses. Each of the investigated primary tumors and
related lymph node metastases also showed striking
heterogeneity with respect to Her-2/neu, with sev-

eral areas displaying different levels of amplifica-
tion. In summary, our data indicate that DNA copy
number changes on 2q, 3q, 7p, 17q, and 22q may be
involved in the metastatic process in BCA. Further-
more, the striking genetic heterogeneity that we
found between primary BCA and its lymph node
metastases may underlie BCA’s poor responsiveness
to therapy and could help explain why prognostic
biomarkers measured exclusively in primary tu-
mors give an incomplete view of the biologic poten-
tial of BCA.
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Barrett’s adenocarcinoma (BCA) has risen faster in
incidence than any other gastrointestinal tumor
over the past 30 years, and it has a poor prognosis
(1). In particular, the presence of lymph node me-
tastasis has been shown to be an independent in-
dicator of poor prognosis in several studies of BCA
(2, 3). Unfortunately, approximately 30 to 60% of
patients present with lymph node metastases at the
time of initial diagnosis and have an overall 5-year
survival rate of less than 10%. The identification of
patients who are at greatest risk for harboring or
developing metastases could help in the design of
new strategies for the diagnosis and management
of this disease. In addition, the identification of
genes responsible for metastasis may allow the de-
velopment of new specifically targeted therapeutic
regimens.

Many studies have focused on the genetic
changes that occur along the proposed metaplasia-
dysplasia-carcinoma sequence of Barrett’s esopha-

Copyright © 2000 by The United States and Canadian Academy of
Pathology, Inc.
VOL. 13, NO. 7, P. 814, 2000 Printed in the U.S.A.
Date of acceptance: January 28, 2000.
Address reprint requests to: Dr. Axel Walch, Institut fur Allgemeine Pa-
thologie und Pathologische Anatomie der Technischen Universtät
München, Ismaninger Strabe 22, D-81675 München, Germany; e-mail:
axel.walch@lrz.tum.de; fax: 49-(0)894140-6106.

814



gus, but little is known regarding the genetic steps
that promote the later stages of tumor progression
and the development of metastatic phenotype. Cy-
togenetic studies using G-banding, fluorescence in
situ hybridization (FISH), and comparative
genomic hybridization (CGH) have revealed a com-
plex pattern of structural and numeric chromo-
somal aberrations in adenocarcinoma of the distal
esophagus and gastric cardia (4 – 8). In recent years,
a complete allelotype of BCA has been constructed
(9 –11). Loss of heterozygosity in BCA is seen most
frequently at 4q, 5q, 9p, 12q, 13q, 17p, and 18q.
Recently, CGH studies of adenocarcinomas of the
gastroesophageal junction have revealed gains on
chromosomes 20, 6p, 7p, 7q, 8q, and 17q and losses
on 4p, 4q, 5q, and 18q in BCA (6 – 8, 12). However,
the relevance of these and other genetic alterations
for the emergence of the metastatic phenotype is
unknown, despite the crucial importance of this
event for the prognosis of patients who have BCA.

To search for the cytogenetic events related to the
metastatic process, we investigated and compared
metastatic BCA and its corresponding nodal metas-
tases with nonmetastatic BCA using CGH to evalu-
ate chromosome copy number changes, followed
by FISH analysis for validation and characterization
of the amplifications on 17q that were observed at a
significantly higher frequency in metastatic tumors
and their metastases. In addition, the analysis of
paired samples from the same patient made it pos-
sible to asses the degree of clonal divergence and

genetic heterogeneity, which is an important basis
for the understanding of the biology of metastasis
in BCA as a means for the development of improved
strategies for prognostic assessment and treatment.

MATERIALS AND METHODS

Patient Samples
Twenty-six patients (one female, 25 males) who

had BCA of the distal esophagus that was diagnosed
between 1990 and 1998 were studied. Follow-up
data were available for 24 cases (mean follow-up, 22
months; range, 0 to 85 months). All patients under-
went an esophagectomy without preoperative ra-
diotherapy or chemotherapy. The presence of dis-
tant metastasis was excluded preoperatively in
these patients by means of a chest x-ray, computer
tomography of the thorax and abdomen, percuta-
neous ultrasound, and bone scintillography. Post-
operative follow-up also included these procedures
at regular intervals to exclude the possibility of tu-
mor recurrence and/or distant metastases. The pri-
mary tumors were staged according to the Union
Internationale Contre le Cancer TNM system (13).
Nineteen BCA were classified as pT1, 2 as pT2, and
5 as pT3. Clinical and histopathologic data for the
study group are summarized in Table 1. Formalin-
fixed and paraffin-embedded tissue blocks of 18
nonmetastatic (17 pT1 and 1 pT3) and 8 metastatic
(2 pT1, 2 pT2, and 4 pT3) BCA and 8 corresponding

TABLE 1. Summary of the Clinical and Histopathologic Characteristics of the 26 Barrett’s-Associated

Esophageal Adenocarcinomas

Case Age (y)/Sex TNMa Stagea G R Status
Survival

(mo)

1 62/M pT1 pN0 (0/10) M0 I 3 0 NA NA
2 61/M pT1 pN0 (0/23) M0 I 3 0 Alive 36
3 60/M pT1 pN0 (0/32) M0 I 2 0 NA NA
4 72/M pT1 pN0 (0/20) M0 I 2 0 Alive 41
5 72/M pT1 pN0 (0/25) M0 I 3 0 Alive 21
6 70/M pT1 pN0 (0/30) M0 I 2 0 Alive 29
7 72/M pT1 pN0 (0/29) M0 I 4 0 Dead 0
8 34/M pT1 pN0 (0/4) M0 I 2 0 Alive 15
9 70/M pT1 pN0 (0/2) M0 I 3 0 Dead 4

10 76/M pT1 pN0 (0/13) M0 I 2 0 Alive 85
11 50/M pT1 pN0 (0/19) M0 I 3 0 Alive 19
12 62/M pT1 pN0 (0/22) M0 I 2 0 Alive 7
13 68/M pT1 pN0 (0/29) M0 I 2 0 Alive 4
14 59/M pT1 pN0 (0/14) M0 I 2 0 Alive 71
15 75/M pT1 pN0 (0/19) M0 I 3 0 Alive 40
16 79/M pT1 pN0 (0/13) M0 I 3 0 Dead 1
17 55/M pT1 pN0 (0/12) M0 I 2 0 Alive 1
18 58/M pT3 pN0 (0/17) M0 II 1 0 Alive 23
19 62/F pT1 pN1 (1/13) M0 II 4 0 Dead 31
20 68/M pT2 pN1 (2/18) M0 II 3 0 Dead 14
21 53/M pT3 pN1 (4/11) M0 III 2 1 Dead 0
22 75/M pT3 pN1 (2/27) M0 III 3 0 Alive 8
23 65/M pT3 pN1 (2/14) M0 III 3 0 Dead 43
24 55/M pT3 pN1 (8/31) M0 III 3 x Dead 27
25 75/M pT2 pN1 (5/10) pM1a LYM (1/3) IV 3 0 Alive 11
26 58/M pT1 pN0 (0/15) pM1a (LYM 2/3) IV 2 0 Dead 1

M, male; F, female; G, histologic tumor differentiation grade; R, residual tumor; NA, data not available.
a According to UICC system.
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nodal metastases (1 celiac axis lymph node and 7
regional lymph nodes) were selected for laser mi-
crodissection and subsequent DNA extraction.

Laser-Assisted Microdissection and Cell
Pretreatment

An ultraviolet laser microbeam (P.A.L.M, Wolfrat-
shausen, Germany) was used to excise tumor cell
groups from defined tissue areas on unmounted
hematoxylin and eosin–stained serial sections (5
mm). From each case of BCA, 105 to 106 microdis-
sected tumor cells were sampled, representing the
complete carcinomatous area of one to three serial
sections. At least 1 to 5 3 103 microdissected cells
from three to six serial sections were sampled from
regional lymph node metastases and normal squa-
mous epithelium (control). The cells were lysed in
50 to 200 ml 100 mM Tris-HCl (pH 7.5), 1 mg/mL
proteinase K for 24 h at 55° C.

Amplification and Labeling of Test DNA
Degenerate oligonucleotide primed polymerase

chain reaction (DOP-PCR) was performed on DNA
extracts of the microdissected tissue according to a
previously published method (14 –16). DOP-PCR
amplified DNA as well as nonamplified DNA from
tumor and control samples was labeled with biotin-
16-dUTP (Boehringer Mannheim, Mannheim, Ger-
many) using a standard nick translation reaction.

CGH and Image Analysis
CGH was performed on test DNA amplified by

DOP-PCR according to published procedures (14 –
16). For all CGH preparations, 300 ng labeled test
DNA and SpectrumRed direct-labeled normal fe-
male or male total human genomic DNA (Vysis,
Inc., Downers Grove, U.K.), plus 25 mg CotIDNA
were cohybridized to denatured metaphases for
72 h at 37° C. After hybridization, biotin-labeled test
DNA was detected with Cy2-conjugated streptavi-
din (Dianova, Hamburg, Germany). For CGH anal-
ysis, at least 10 metaphases were imaged and karyo-
typed after visualization with a Zeiss Axioplan 2
fluorescence microscope (Zeiss, Oberkochen, Ger-
many) equipped with filter sets (single-band exci-
tation filters) for 49-6-diamidino-2-phenylindole,
Cy2, and Texas Red. Averaged profiles were gener-
ated by CGH analysis software (ISIS 3, V2.84; Meta-
Systems, Altlussheim, Germany) from at least 10 to
15 homologous chromosomes. Based on previous
CGH experiments (14, 17, 18) the ratios 1.25 and
0.75 were used as diagnostic cutoff levels indicating
overrepresentation (DNA amplification) and under-
representation (DNA loss), respectively.

Control Experiments
DOP-PCR amplified DNA obtained from mor-

phologically normal appearing esophageal squa-
mous epithelium (n 5 6) was hybridized with
nonamplified reference DNA (SpectrumRed) to
metaphase preparations. In these experiments, no
chromosomal changes were detected except for
chromosomal regions 1p34 –36 and 19. These re-
gions are known to show artifactual results by CGH
(15, 19). Therefore, chromosomes 1p and 19 were
excluded from further analysis. In addition, three
cases of BCA were comprehensively analyzed using
both DOP-PCR amplified and nonamplified DNA,
with the same chromosomal changes being de-
tected by both methods. CGH results were further
validated by comparison with FISH analysis.

FISH Analysis
FISH analysis with specific probes was essential

to validate and further characterize the CGH find-
ings. Moreover, FISH analysis allowed visualization
of the degree of intratumoral heterogeneity. Five
metastatic BCA and six related metastases, as well
as two nonmetastatic BCA specimens with DNA
copy number changes on chromosomes 17q,
known from the CGH experiments, were selected to
validate these changes (Table 2). Serial 5-mm sec-
tions of the tissue blocks were used for FISH anal-
ysis, which investigated areas corresponding to
those examined by CGH. For FISH analysis, a Path-
Vysion HER-2 DNA probe kit (Vysis) was used ac-
cording to the manufacturer’s recommendations.
The kit consists of directly labeled fluorescent DNA
probes specific for the HER-2/neu gene locus
(17q11.2-q12) and a DNA probe specific for the a
satellite DNA sequence at the centromeric region of
chromosome 17 (17p11.1-q11.1). Signals from 100
to 150 tumor cell nuclei per specimen were counted
using confocal laser scanning microscopy (Zeiss
LSM 510). Nuclei from normal squamous epithe-
lium or lymphocytes deposited separately on the
same slide were used as controls of hybridization
efficiency and specificity. The criteria established
by Hopman et al. (20) were followed for signal
enumeration. The Her-2/neu gene locus was clas-
sified as amplified if there were more than twice as
much red Her-2/neu signals than green centromere
17 signals (ratio more than 2). More than two red
signals accompanied by the same number of green
signals was considered to be indicative of polysomy
of chromosome 17. Her-2/neu clusters were de-
fined as an accumulation of usually more than 10
signals. In those cells, the precise number of signals
could not be counted because of coalescent signal
clusters (Fig. 1A). When the proportion of cells with
negative nuclei exceeded 20%, the procedure was
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regarded as suboptimal and was either repeated or
abandoned.

Statistical Analysis
The statistical significance of differences between

the number of DNA gains and losses of primary and
metastatic tumors and the histopathologic (pTNM,
grade) and clinical (survival) data was calculated
using Wilcoxon’s rank-sum test and Fisher’s exact
test, respectively. For comparison of average aber-
ration frequencies in each entity, the standard error
of the mean (6SEM) was calculated. Correlation

with recurrent cytogenetic findings was analyzed
using Fisher’s exact test.

RESULTS

Overview of Copy Number Changes
DNA gains and losses determined by CGH for the

8 metastatic BCA, including their associated re-
gional lymph node metastases, and the 18 non-
metastatic BCA are shown in Tables 3 and 4. All of
the specimens showed DNA copy number changes
by CGH. The total number of chromosomal aber-

TABLE 2. Comparison of FISH and CGH Analysis

Case No.

FISH Analysis CGH Analysis

Her-2/neu Average
Signals/Cell

Centromere 17
Average Signals/Cell

Her-2/neu Amplification DNA Amplification on 17q

20 CA 4.67 3.29 Polysomy 117
20 LN 2.29 1.74 No amplification No change
21 CA 6.87 3.09 Amplification 117q
21 LN 4.02 3.89 Polysomy 117
23 CA 1.26 0.93 No amplification No change
23 LN 2.75 2.28 Polysomy 117
25 CA Clustersa 4.73 Amplification 117/117q11-q23b

25 LN1 Clustersa 3.85 Amplification 117q
25 LN2 Clustersa 4.92 Amplification 117q
26 CA Clustersa 3.96 Amplification 117q11-q23
26 LN Clustersa 4.40 Amplification 117q11-q23
4 CA 5.64 2.74 Amplification 117q
13 CA Clustersa 4.93 Amplification 117q11-q24b

FISH, fluorescence in situ hybridization; CGH, comparative genomic hybridization.
a The precise number of signals could not be counted, but clusters were usually composed of more than 10 signals.
b DNA copy number changes that exceeded the ratio of the fluorescence the value of 1.5.

FIGURE 1. A, bubble plots for paired comparison of amplification frequencies of 37 chromosomal arms in metastatic and nonmetastatic BCA. The
bubble sizes represent multiplicity of pairs with identical frequency values for different chromosome arms, in ascending order: 1, 2, 3, 4, and 7 pairs.
The dotted lines represent diagonal and 95% limits based on Fisher’s exact test. 1) 4p, 5p, 10p, 14q, 18q; 2) 5q, 12q; 3) 9p, 21q, Y. B, bubble plots for
paired comparison of deletion frequencies of 37 chromosomal arms in metastatic and nonmetastatic BCA. The bubble sizes represent multiplicity of
pairs with identical frequency values for different chromosome arms, in ascending order: 1, 2, 3, 4, and 7 pairs. The dotted lines represent diagonal
and 95% limits based on Fisher’s exact test. 1) 3q, 6p, 7p, 8q, 11p, 11q, 20p, 20q; 2) 1q, 2p, 18p, 22q; 3) 12p, 17q; 4) 3p, 21q; 5) 8p, 12q.
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rations was 13.1 6 1.4 in the 26 primary tumors. A
comparison of the chromosomal aberrations with
histopathologic (pTNM, grade) and clinical (surviv-
al) data revealed no statistically significant correla-
tion (P . .05).

CGH of Metastatic Primary BCA
An average of 16.0 6 3.6 chromosomal imbal-

ances per case were detected in the eight metastatic
BCA. The chromosomal alterations most often
identified were gains on 8q and 20q (75% each); 2p
and 3q (63% each); 7p and 17q (50% each); 6p and
7q (38% each); and 11q, 16q, and 22q (each 37%).
Losses were observed on the Y chromosome and on
5q (75% each); 4q (63%); 4p, 9p, 13q, and 14q (50%
each); and 6q, 7q, and 18q (37% each). Within the
metastatic tumor group, there was no statistically
significant correlation between chromosomal aber-
rations and pT category (pT1 versus pT2; pT2 versus
pT3; pT1 versus pT3; all P . .05).

CGH of Lymph Node Metastasis
In the eight lymph node metastases, an average

of 21.1 6 1.3 chromosomal imbalances per case
were detected. These consisted of gains on 8q and
20q (100%); 7p and 17q (88% each); 2p, 3p, 6p, and
16p (75% each); and 9q, 10p, 10q, and 16q (62%
each) and losses on 4q (87%); 2q, 5q, and 13q (75%
each); Y chromosome (50%); 9p and 15q (50%
each); and 18q, 14q, and 6q (38% each). Coampli-
fication of chromosome 7p and 17 was found in 6 of
8 metastases but in only 3 of 8 of the primary
tumors of these cases. The most frequent alteration
observed only in metastases but not in the related
primary BCA was loss of 2q (with a minimal com-
mon region at 2q22–23), which was detected in 5 of
8 metastases (Table 5).

CGH of Nonmetastatic Primary BCA
An average of 11.8 6 1.1 chromosomal imbal-

ances per case were detected in the 18 nonmeta-

TABLE 3. DNA Copy Number Changes in Eight Metastatic Primary BCA and Their Related Nodal Metastases

Case Diagnosis DNA Losses DNA Gains and High-Level Amplifications

19 BCA 2p23-pter, 2q21-23, 4, 5q14-21, 6q21-qter, 8p21-
pter, 9p13-pter, 13q12-33, 14q12, 18q21-qter,
21q11-21

3p14-pter, 3q21-qter, 7p, 7q22, 9q33-qter, 15q24-qter, 16q,
17q, 20, 22q12-qter

19 LN 2p24-25, 4, 5q12-23, 6q22-23, 8p12-pter, 9p21-
pter, 11p12-15, 11q14-24, 13q12-31, 18q12-qter

2p14-22, 3p14-pter, 3q21-qter, 7p14-pter, 8q24, 10p14-pter,
15q21-qter, 16q, 17q, 20

20 BCA 2q21-31, 4, 5p11-14, 5q11-22, 6q11-15, 13q14-32,
14q22-23, 15q14-15, 18q, Y

2p23-pter, 3p21-pter, 6p, 7q34-qter, 8p, 8q23-qter, 10q25-qter,
11q, 12q22-qter, 15q23-qter, 16p23-pter, 16q22-qter, 17, 20,
22q

20 LN 2q33-31, 4q, 5q14-23, 12q14-21, 13q14-31, 15q21-
23, Y

3p24-pter, 6p, 7p12-14, 7q31-qter, 8p, 8q22-qter, 10p, 10q24-
qter, 12q22-qter, 16, 20q

21 BCA 4q, 5q11-23, 7q31, 9p11-21, 12q15-21, 18 2p23-pter, 3q22-qter, 7p, 7q22, 8q23-qter, 16p12-pter, 17q, 20q

21 LN 2q22-32, 4, 5q12-23, 6q11-23, 9p11-23, 13q14-31,
Y

2p24-pter, 3p14-pter, 6p23-pter, 8p, 8q23-qter, 9q32-qter,
10q25-qter, 11p14-pter, 15q23-qter, 16p12-pter, 16q22-qter,
17, 20q, 22q

22 BCA 13q14-22, 16p11-12, Y 8q23-qter, 11q24-qter,

22 LN 2q31-32, 4q27-31, 13q14-23, Xq 1q22-qter, 2p23-pter, 2q11-21, 6p, 7p, 7q32-qter, 8p21-pter,
8q22-qter, 9q22-qter, 11q, 16, 17, 20, 22

23 BCA Y 2p24-pter

23 LN 2q23-32, 3q24-26, 4q, 5q14-22, 9q22-32, 13q13-
31, 14q12-22, 18q

1q31-qter, 2p22-pter, 3p, 6p, 7p, 8q22.qter, 10p, 15q22-qter,
16q, 17, 18p, 20, 22

24 BCA 3p11-13, 4-, 7q11-33, 9p, 13q14-31, Y 1q23-qter, 2p, 3q21-qter, 5q13-23, 6p, 7p13, 8q22-qter, 10q25-
qter, 14q23-qter, 15q23-qter, 20p, 20q

24 LN not done

25 BCA 1q25-31, 3p23-pter, 4, 5p11-14, 5q11-23, 6q11-23,
7q21-31, 8p12-22, 9p11-23, 10q21-24, 12q21-23,
14q13-22, 15q11-22, Y

2p, 2q11-22, 3q23, 3q26-qter, 5q31-qter, 6p, 7p, 8q/8q23-qtera,
9q22-qter, 10p, 11p, 11q23-qter, 13q, 16p, 16q, 17/17q11-
23a, 18, 20, 22q12-qter

25 LN1 1q31-qter, 2q21-34, 4q, 5q11-23, 6q16-23, 7q22-
31, 9p11-22, 12q15-22, 14q13-21, 15q15-21, Y

2p23-pter, 5q31-qter, 6p, 7p, 8q, 9q32-qter, 10p13-pter, 10q23-
qter, 11p13-pter, 11q23-qter, 13q, 16p, 17p, 17q, 18p, 20, X

25 LN2 4q21-qter, 5p13-14, 5q12-23, 7q21-32, 8p, 9p11-
21, 15q, 16q13-qter, 18q14-qter, Y

2p23-pter, 3p14-21, 6p, 7pa, 8q, 9q32-qter, 10p, 10q23-qter,
11p, 11q23-qter, 13q, 16p, 17q, 20, 21q21-qter

26 BCA 5q14-22, 14q11-21, 17p, 21q11-21, 22q, Y 8q24, 13q, 17q11-23, 18p, 20q

26 LN 2q21-32, 7q22-31, 11p12-14, 11q21-23, 13q21-31,
14q11-21, 15q11-21, Y

1q31-qter, 3p, 7p13-15, 8q22-qter, 9q33-qter, 10q25-qter, 12p,
16p, 17q11-q23, 20

BCA, Barrett’s adenocarcinoma; LN, lymph node metastases; underline indicates DNA gains or losses in common between BCA and LN.
a DNA copy number changes that exceeded the ratio of the fluorescence the value of 1.5.
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static BCA cases. The chromosomal alterations
most often identified were gains on 8q (83%), 20q
(61%), 7p (56%), 10q (55% each), 2p and 6p (44%
each), and 13q (39%). Losses were observed pre-
dominantly on the Y chromosome (78%), 9p (50%),
18q (44%), and 5q and 7q (33% each).

CGH Comparison of Metastatic and
Nonmetastatic Primary BCA

There was a slightly but not significantly higher
total number of chromosomal imbalances in met-
astatic BCA (16.0 6 3.6) compared with nonmeta-
static BCA (11.8 6 1.1). In particular, we observed
significantly more DNA gains on 3q (P 5 .013), 17q
(P 5 .019), and 22q (P 5 .021) in the primary tumors
of the metastatic group. There was no detectable
deletion that was significantly associated with the
metastatic phenotype. Figure 1 presents a paired
comparison of the amplification (A) and deletion
(B) frequencies of 37 chromosome arms in the met-
astatic and nonmetastatic BCA cases. No substan-
tial differences were observed in the number of
chromosomal imbalances between metastatic and
nonmetastatic BCA concerning the pT staging.

CGH Comparison of Paired Samples of Primary
Tumors and Their Metastases

The total number of chromosomal imbalances in
the lymph node metastases (21.1 6 1.3) was higher
than that of the related primary tumors (16.0 6 3.6)
but was not statistically significantly different (P .
.05). Of the aberrations that appeared as new
changes in the metastases, the most frequent was
loss of 2q (5 of 8 metastases); however, there were
no aberrations that were significantly more fre-
quent in nodal metastases than in primary carcino-
mas. The degree of similarity between changes in
the primary tumor and its metastasis varied widely.
None of the pairs had identical genetic changes. A
comparison of the DNA copy number changes in
the primary tumors and their related metastases is
presented in Table 5.

FISH Analysis in Paired Samples of Primary
Tumors and Their Metastases

A total of 13 FISH experiments on five metastatic
primary BCA, six related regional lymph node me-
tastases, and two nonmetastatic BCA were per-
formed. A comparison of the results from FISH and

TABLE 4. DNA Copy Number Changes in the 18 Nonmetastatic BCA

Case Diagnosis DNA Losses DNA Gains and High-Level Amplifications

1 BCA 2q22-31, 4q11-31, 5q11-23, 9p, 12q14-15, 13q14-31,
15q21-22, 18q12-22

2q32-qter, 6p12-22, 7p, 8p, 8q23-qter, 10q22-qter, 20q

2 BCA 4q, 5q11-23, 6q15-23, 7q21, 9p, 13q21-31 1q31-qter, 2p16-pter, 2q34-qter, 6p, 8p, 8q23-qter, 9q, 10q22-qter, 11,
15q21-qter, 16, 17, 20, X

3 BCA 4q11-27, 5q11-21, 7q21-22, 9p11-23, 14q11-23, 15q12-21,
16p11-12, 18q12-qter, Y

2p23-pter, 7p, 8q23-qter, 10p14-pter, 10q22-qter, 20, Xq21-qter

4 BCA 4q, 5q11-23, 9p11-22, 12q14-21, Y 2p23-pter, 6p11-23, 7p, 7q31-qter, 8q23-qter, 9q31-qter, 10q23-qter,
13q13-14, 14q23-qter, 15q23-qter, 17q, 20

5 BCA 4q22-28, 5q12-23, 9q, 16q, 17q, 18q, Y 6p, 6q16-24, 7p11-14a, 7q11-31,a 8q, 10q22-23, 11p, 12p, 14q22-qter,
17p, 18p, 20, Xq

6 BCA 5q12-21, 8p21-pter, 18q12-22, Y 7p, 7q11-22, 8q22-qter, 20, X

7 BCA 8p, 16, 17p, Y 3q21-qter, 5p, 6, 7p12-21, 8q, 11p, 13q

8 BCA 13q, Y 1q23-qter, 6p, 8p12-pter, 8q21-qter, 20

9 BCA 4p14-15, 4q25-27, 7q11-22, 10p13-14, 13q14-31, 15q11-21,
21q11-22

8q23-qter, 9q22-qter, 10q24-qter, Xp

10 BCA 9p11-21, 14q11-22, Y 1q, 21, 3p24-pter, 3q, 51, 7p15, 8q23-qter, 10q24-qter, 12q11-qter,
13q, 18q

11 BCA a 7p13, 8q23-qter, 10q25-qter, 13q21-22

12 BCA 2q11-31, 4q, 7q22-35, 9p, 9q11-31, 18q, Y 7q11-21, 10q21-qter, 11q13, 13q11-21, 15q22-qter, 16q, 18p, 20q

13 BCA 3p, 4, 9p, 18q, Y 2p14-pter, 7, 8q13-qter, 9q, 11q23-qter, 17q11-q24a

14 BCA 2q23-33, 4q, 9p11-22, Y 6p, 8p22-pter, 8q23-qter, 9q22-qter, 10q25-qter, 13q11-21, 15q23-qter,
16p, 20q

15 BCA 7q11-31, 18q12-22 8p22-pter, 8q23-qter, 18p, 20q

16 BCA 14q11-23, 17p, Y 2, 4p, 4q24-qter, 7q21-32, 10p, 15q21-qter, 18q

17 BCA 17p, Y 2, 4

18 BCA 7q31-34, 9p, 10p11-14, 12p11-12, 14q11-22, 15q11-14,
18q, Y

1q31-qter, 2p24-pter, 6p, 7p12-15, 8q22-qter, 11p, 13q, 16q, 20q

BCA, Barrett’s adenocarcinoma.
a DNA copy number changes that exceeded the ratio of the fluorescence the value of 1.5.
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CGH analysis is presented in Table 2. The fraction
of cells with amplified Her-2/neu in each tumor was
calculated, the results of which are shown in Table
2. Three primary BCA and three lymph node me-
tastases displayed distinct clusters of Her-2/neu
signals. In these cases, the precise number of sig-
nals could not be counted, but the clusters were
usually composed of more than 10 signals. Several
scored tumor cells contained equal numbers of
centromere 17 and Her-2/neu signals. Each of the
investigated tumors showed striking heterogeneity,
with several areas displaying different levels of Her-
2/neu. Intratumoral heterogeneity was further indi-
cated by the presence of polysomic cells that were
not amplified in these tumors. Figure 2 illustrates
intratumoral heterogeneity of Her-2/neu amplifica-
tion in a primary BCA (Fig. 2A) and in its lymph
node metastasis (Fig. 2B, C).

DISCUSSION

The present study demonstrates that certain ge-
netic alterations are significantly more frequent in

metastatic than in nonmetastatic BCA. Further-
more, identified were chromosomal aberrations
that preferentially occur in lymph node metastases,
suggesting that they may be involved in the meta-
static process.

Primary BCA are genetically complex tumors,
as shown by the large number of genetic changes
per case in our series (mean, 13.1 6 1.4). Many of
the common genetic changes detected in our se-
ries have been reported in previous cytogenetic
studies (4 – 8). Most of the alterations found in the
nonmetastatic primary tumors were also com-
monly found in the metastatic BCA cases. In par-
ticular, the statistical analysis indicated that DNA
gain on chromosomes 3q, 17q, and 22q was sig-
nificantly more frequent in metastatic BCA (P ,
.05). No significant correlation could be observed
between pT stage and chromosomal aberrations,
indicating that DNA gains on 3q, 17q, and 22q are
specifically involved in the metastatic process.
Thus, these chromosomal changes may be poten-
tial targets for candidate genes important for me-
tastasis.

TABLE 5. Comparison of DNA Copy Number Changes Detected by CGH Between the Primary Tumors of the

Metastatic BCA and Their Regional Lymph Node Metastases

Case Loss in Common Gain in Common Primary Tumor Only Metastasis Only

19 2p23-pter, 4, 5q14-21, 6q21-qter,
8p21-pter, 9p13-pter, 13q12-
33, 18q21-qter

3p14-pter, 3q21-qter, 7p, 15q24-qter,
16q, 17q, 20

22q21-23, 214q12, 221q11-21, 17q22,
19q33-qter, 122q12-qter

211p12-15, 211q14-24,
12p14-22, 18q24,
110p14-pter

20 2q21-31, 4, 5q11-21, 13q14-32,
15q14-15, Y

3p21-pter, 6p, 7q34-qter, 8p, 8q23-
qter, 10q25-qter, 12q22-qter,
16p12-pter, 16q22-qter, 20

25p11-14, 26q11-15, 214q22-23,
218q, 12p23-pter, 111q, 115q23-
qter, 117, 122q

212q14-21, 17p12-14,
110p

21 5q11-23, 9p11-21 2p23-pter, 8q23-qter, 16p12-pter,
17q, 20q

24q, 27q31, 212q15-21, 218, 13q22-
qter, 17p, 17q22

22q22-23, 24, 26q11-23,
213q14-31, 2Y,
13q22-qter, 7p, 7q22

22 13q14-22 8q23-qter, 11q24-qter 216p11-12, 2Y 22q31-32, 24q27-31,
2Xq, 11q22-qter,
12p23-pter, 12q11-21,
16p, 17p, 17q32-qter,
18p21-pter, 19q22-
qter, 116, 117, 120,
122

23 — 2p24-pter 22q23-32, 23q24-26,
24q, 25q14-22,
29q22-32, 213q13-31,
214q12-22, 218q,
11q31-qter, 13p, 16p,
17p, 18q22-qter,
110p, 115q22-qter,
116q, 117, 118p, 120,
122

25 1q25-31, 4, 5p11-14, 5q11-23,
6q11-23, 7q21-31, 8p12-22,
9p11-23, 12q21-23, 14q13-22,
15q11-22, Y

2p, 5q31-qter, 6p, 7p, 8q23-qter,
9q22-pter, 10p, 11p, 11q23-qter,
13q, 16p, 17q11-23, 20

23p23-pter, 210q21-24, 12q11-22,
13q23, 13q26-qter, 116q, 118q,
122q12-qter

22q21-34, 216q13-qter,
218q14-qter, 117p,
118p, 121q21-qter,
1X

26 14q11-21, Y 8q24, 17q11-23, 20q 25q14-22, 217p, 221q11-21, 222q,
113q, 118p

22q21-32, 27q22-31,
211p12-14, 213q21-31,
215q11-21, 11q31-
qter, 13p, 17p13-15,
19q33-qter, 110q25-
qter, 112p, 116p

CGH, comparative genomic hybridization; BCA, Barrett’s adenocarcinoma.
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FIGURE 2. Heterogeneity of Her-2/neu gene amplification in case E16 in a primary BCA (A) and its lymph node metastasis (B and C) shown by
dual-color FISH with Her-2/neu-specific probes (red signals) and chromosome 17 centromeric probes (green signals) counterstained with 469-
diamidino-2-phenylindole-2 Hcl. Note the tumor cells displaying different levels of HER-2/neu amplification indicating intratumoral genetic
heterogeneity. The tumor cells on the right side demonstrate coalescent Her-2/neu signal clusters (red signals). Several scored tumor cells contained
equal numbers of centromere 17 and Her-2/neu signals, indicative of polysomy of chromosome 17. In the regional lymph node metastasis, most cells
showed clusters, as shown in C; however, the signal distribution as shown in B was also found.
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Overrepresentation of chromosome arm 3q was
observed in 5 of 8 primary tumors of the metastatic
BCA, with a minimal common region of 3q26-qter,
but in only 2 of 18 nonmetastatic BCA. Increased
copy number changes at 3q26 –27 have also been
reported as a recurrent change in a variety of tu-
mors that are widely known for early development
of their metastatic potential, such as small cell car-
cinoma of the lung (21). One potentially relevant
gene at 3q26.3 whose product may contribute to the
control of cell proliferation and malignant transfor-
mation is PIK3CA. This gene encodes the catalytic
subunit of phosphatidylinositol-3 kinase, a critical
component of several cell signaling pathways, in-
cluding those of epidermal growth factor, platelet-
derived growth factor, and insulin-like growth fac-
tor (22).

DNA gain on chromosome 17q was also observed
in a significantly higher proportion of metastatic
than nonmetastatic primary BCA. An association
between chromosome 17 gains and lymph node
metastasis has been demonstrated in both breast
and gastric cancers (23, 24). Some cell regulation
and growth factor genes have been assigned to the
area of 17q12–21 amplification. Of these, the best
potential candidate genes are Her-2/neu and Grb7,
the former being known to be overexpressed in
gastric cancer (25, 26). The Grb7 is a newly identi-
fied SH2-containing protein that avidly binds to
activated EGFR (27). It localizes to 17q11–12 near
the Her-2/neu locus. Stein et al. demonstrated fre-
quent coamplification of Grb7 and Her-2/neu in
breast carcinoma cells (28). Furthermore, Tanaka et
al. showed that Grb7 isoforms are involved in cell
invasion and metastatic progression of esophageal
squamous carcinoma (29). Thus, Grb7 may also be
involved in tumor progression of BCA.

DNA gain on chromosome 22q was significantly
more frequent in metastatic primary BCA than in
nonmetastatic primary BCA. Previous CGH studies
of adenocarcinomas of the stomach and the gastro-
esophageal junction have revealed gain on 22q in a
low frequency (7, 30, 31). In addition, colorectal and
gastric carcinomas frequently have loss of heterozy-
gosity on chromosome 22q, suggesting that inacti-
vation of tumor suppressor genes on 22q partici-
pates in the tumor development (32). However, to
our knowledge, no potential oncogene located on
22q is known to be involved in tumorigenesis of
carcinomas of the digestive tract.

However, CGH is limited in its ability to detect
DNA losses and amplifications, because the use of
metaphase chromosomes limits detection of events
involving small genomic regions (of less than 20
Mb) and resolution of closely spaced aberrations. In
particular, CGH is less sensitive than other tech-
niques in detecting genetic loss; thus, it is possible
that some of the genetic deletion events that were

not statistically correlated with metastasis in our
study may prove to be using other methodologies,
especially for loci with genetic loss that nearly
reached significant values (4p-, 5q-, 6q-). Therefore,
these results should be confirmed with other tech-
niques (e.g., high-resolution CGH microarrays, loss
of heterozygosity analysis) in further studies.

By combining CGH and FISH results, we were
able to demonstrate that HER-2/neu gene amplifi-
cation was present in both primary BCA and the
lymph node metastases in our series. Hardwick et
al. (33) showed, by immunohistochemical staining,
that HER-2/neu overexpression is not involved in
the early stages of neoplastic progression in Bar-
rett’s esophagus but plays a role in late events such
as metastatic progression. Nevertheless, our study
group was too small to clarify the clinical relevance
of HER-2/neu in BCA progression, although we did
demonstrate a statistically significantly higher pro-
portion of 17q gain in metastatic versus nonmeta-
static BCA.

An intriguing finding in the regional lymph node
metastases was the coamplification of 7p and chro-
mosome 17 in 6 of 8 cases, whereas this coamplifi-
cation was present in only 3 of 8 of the primary
tumors. In a previous study of BCA, coamplification
of the EGFR gene (located on 7p12) and Her-2/neu
was observed in 15.4% of cases (34). Coamplifica-
tion of Her-2/neu and EGFR has also been reported
in gastric adenocarcinoma (35), and it has been
suggested that a synergistic selection for multiple
copies of both the Her-2/neu and EGFR genes may
occur during progression to cancer (36). Whether
coamplification of these genes occurs in more ag-
gressive esophageal adenocarcinoma awaits further
studies. The most frequent alteration that was ob-
served in our series of metastases but was not seen
in the related primary BCA was the loss of 2q (with
a minimal common region at 2q22–23) detected in
5 of 8 metastases. A potential candidate gene in this
area is Grb14, which is assigned to the chromo-
somal region 2q22–24. The Grb14 gene is a member
of Grb7 gene family discussed above (37).

The combination of the findings of the CGH and
FISH analyses in paired primary tumors and nodal
metastases allowed us to study the clonal relation-
ship between the primary tumors and their metas-
tases. None of the pairs had identical chromosomal
changes, but all shared at least some alterations.
Although most sample pairs showed a high degree
of commonality, some metastases had little evi-
dence of clonal relationship to their primary tumor.
One possible explanation for this finding is the se-
lection pressure of the tissue growth environment.
Growth conditions may differ between the primary
and metastatic sites (38), providing a growth advan-
tage to different cell clones in the two areas. The
low degree of shared chromosomal change seen by
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CGH also suggests that a clonal relationship might
be missed as a result of genetic heterogeneity
within the primary tumor. The development of di-
vergent clones during the process of clonal expan-
sion is proposed to be the explanation for tumor
cell heterogeneity (38). Such an intratumoral heter-
ogeneity was demonstrated by the FISH analysis of
the primary BCA tumors. Each of the investigated
carcinomas was composed of several areas with
different centromeric 17/Her2-neu signals, indicat-
ing a high prevalence of intratumoral heterogeneity
(Table 2 and Fig. 2). Even if limited concordance
between primary BCA and their metastases were
seen, this does not necessarily conflict with the
model of histologic progression. Barrett et al. (39)
demonstrated using Barrett’s esophagus cell lines
that clonal evolution is more complex than pre-
dicted by linear models.

In conclusion, using a combined CGH and FISH
analysis technique, we have described genetic ab-
errations associated with the metastatic behavior of
BCA. Different genetic alterations were seen in pri-
mary BCA with and without metastases, which
points to potential chromosomal regions that could
harbor genes responsible for tumor progression
and metastasis. In particular, our data suggest that
chromosomes 2q, 3q, 7p, and 17q all are worthy of
further analysis with more focused techniques.
Moreover, we demonstrate that considerable ge-
netic heterogeneity exists within the primary tumor
and within related metastases in BCA, as well as
between primary BCA and its metastases. This find-
ing helps to explain the poor responsiveness of BCA
to therapy and is a factor that indicates that bio-
markers of prognosis measured exclusively in pri-
mary tumors may be limited in their ability to de-
scribe the biologic potential of BCA.

Note: Since the writing of this article, we have had the oppor-
tunity to investigate the metaplasia-dysplasia-carcinoma se-
quence in our BCA cases (40). Interestingly, distinct patterns of
chromosomal aberrations were already present in the preinva-
sive stages of BCA.
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