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Despite recent advances in surgical and multidisciplinary treatment, prognosis for patients with esophageal
adenocarcinoma remains poor, and the low prognostic significance of pTNM staging suggests that additional
parameters are needed. To identify genomic abnormalities characteristic of esophageal adenocarcinoma, a
panel of 33 samples obtained at surgery from previously untreated patients were analyzed by muliplex ligation-
dependent probe amplification technique. We detected frequent gains of 6p, 8q, 13q, 17q, 20q, and losses of 4q,
5q, 15q, and 18q. When DNA copy number changes were correlated to clinicopathological features of patients
no association was found between the number of chromosomal aberrations and gender, age, tumor grade or
pTNM staging. However, interestingly, a significant correlation between patient survival and total number of
chromosomal aberrations was found when esophageal adenocarcinoma cases were stratified according to the
median of survival (20 months) (P¼ 0.002) or the median of aberrations (12 aberrations) (P¼ 0.014). Evaluation
of the distribution of gains and losses at the level of single chromosomes indicated that gains on chromosomes
5, 6, 8, 11, 20 and losses on chromosomes 1, 3, 5, 11, and 18 were significantly different in the two survival
groups. Furthermore, when single gene imbalances were analyzed in further details, we found that besides
alterations that involve genes shared by both survival groups, a few genes (KIAA0170, EMS1, ABCC4, F3, and
MIF) were altered only in samples from patients with poor survival. Thus, we established a good correlation
between the total number of chromosomal alterations and survival, suggesting that the estimation of total
imbalances might represent an additional indicator of disease outcome. In addition, the finding of alterations
specific for the more aggressive esophageal adenocarcinoma subset might represent promising biomarkers to
increase the accuracy of clinical outcome prediction.
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On the basis of histological characteristics, esophageal
carcinoma can be subdivided into two major types:
esophageal squamous cell carcinoma and esophageal
adenocarcinoma. Over the past few decades, although
the incidence of the former has remained stable, the

incidence of esophageal adenocarcinoma has risen in
the western world and Asia.1–3

Despite recent advances in therapies, including
surgery, chemotherapy, radiotherapy, immunother-
apy, and combinations thereof, the prognosis for
patients with esophageal adenocarcinoma remains
poor. Tumor recurrence frequently occurs within 2
years, although some patients survive long after
surgery; a considerable variability and heterogeneity
within the tumor stages exists, but none of the
staging criteria accurately predicts the prognosis for
an individual patient.
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Many studies have attempted to clarify the
molecular mechanisms underlying the biological
behavior of esophageal adenocarcinoma. A number
of genetic alterations have been observed, gain of
chromosome 20q being the most recurrent. Gains
were also frequently observed on chromosomes 6q,
7p, 7q, 8q, 11q, 15q, and 17q; recurrent losses were
described on chromosomes 1p, 3p, 4p, 4q, 5q, 8p,
9p, 17p, and 18q.4–8 The majority of these studies
used conventional comparative genomic hybridiza-
tion (chromosomal-CGH), making identification of
the genes involved difficult; to date, the genetic
alterations associated with disease onset and pro-
gression remain largely unknown.

The multiplex ligation-dependent probe amplifi-
cation (MLPA) technique, which allows detection of
single gene alterations, fills the gap between
techniques that provide information on large chro-
mosomal region but are time-consuming and require
relative large DNA amounts (chromosomal-CGH)
and techniques that are faster and need smaller
DNA amounts but provide information only on
specific loci (LOH, quantitative PCR). In terms of
robustness, MLPA has been compared to array-
CGH,9 and represents an efficient method for
simultaneous screening of copy number imbalance
in multiple genomic regions while maintaining a
single gene resolution. Thus, MLPA technique
provides a promising starting point for the identifi-
cation of novel candidate genes affected by genomic
abnormalities.

In this paper, we analyzed 33 esophageal adeno-
carcinoma samples obtained at surgery from pre-
viously untreated patients, and found a significant
correlation between patient survival and total
number of chromosomal aberrations. Interestingly,
some of the detected genetic imbalances appeared to
be specific for the poorest survival group, thus
highlighting the possibility of defining new prog-
nostic biomarkers.

Materials and methods

Patients and Controls

A total of 33 patients diagnosed with esophageal
adenocarcinoma between 1990 and 2000 gave their
informed consent to the study (27 men and 6
women, mean age 66.5 years, range 28–85 years);
their clinical and histopathologic characteristics are
summarized in Table 1. All patients underwent
esophagectomy without preoperative radio- or che-
motherapy, and were staged according to the Inter-
national Union Against Cancer TNM classification;
follow-up data were available for all cases (mean
follow-up 37 months, range 1–114). All analyses
were performed on DNA extracted from the original
tumor sample obtained at surgery and stored at
�801C until use. The presence of high neoplastic
content (470% tumor tissue) was assessed by
histological analysis. DNA obtained from eight

controls (five men and three women) was also used;
six samples were frozen tissues of nonneoplastic
mucosa from the margins of resection specimens
and two were samples of peripheral blood mono-
nuclear cells (PBMC) from healthy volunteers.

DNA Extraction and MLPA Analysis

DNA was extracted using the phenol–chloroform
method.10 The concentration was quantified spec-
trophotometrically and the DNA quality was
checked on a 1% agarose gel. By means of MLPA
up to 45 different sequences can be targeted in a
single, semiquantitative PCR-based experiment.11

Human chromosomal aberration test kits (SALSA
kits P005, P006, and P007) were used according to
manufacturer’s instructions (MRC Holland, The
Netherlands). Altogether, these kits cover 112 genes,
some of which were rejected due to their variability
in normal control samples (see below). Amplifica-

Table 1 Patient characteristics and comparison with DNA copy
number alterations

Characteristic Total patients Patient gains/losses

No. % r12a 412a P-valueb

Sex
Male 27 82 13 14 0.66
Female 6 18 4 2

Age (years)
Median 66.5
Range 28–85
o67 15 45 10 5 0.17
Z67 18 55 7 11

Tumor grade
1 1 3 0 1
2 24 73 13 11 0.70
3 8 24 4 4

Depth of invasion
pT2 5 15 4 1
pT3 25 76 12 13 0.33
pT4 3 9 1 2

Nodal status
pN0 8 24 5 3 0.69
pN1 25 76 12 13

Metastasis
pM0 30 91 16 14 0.60
pM1 3 9 1 2

Stage
IIA 7 21 5 2 0.50
IIB 2 6 1 1
III 21 64 10 11
IV 3 9 1 2

a
Median of alterations.

b
P-values were calculated by two-tail Fisher’s exact test; when
necessary data were analyzed using the w2-test.
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tion products were separated by capillary electro-
phoresis on an ABI 310 sequencer (Applied Biosys-
tems, CA, USA). As amplification control, three
samples exhibiting amplification of the BRCA2 gene
and one with gain of the BRCA1 gene were also
analyzed with the MLPA P045 and P087 kits (MRC
Holland), specific for the entire BRCA2 and BRCA1
genes, respectively.12,13

In the data normalization procedure, the relative
peak area for each probe was obtained as fractions of
the total sum of peak areas for a given sample. Then,
the resulting relative peak areas were divided by the
average of relative peak areas derived from normal
control samples; in the absence of amplification or
loss, the ratio is expected equal to 1, whereas higher
or lower values indicate gains or losses. Highly
amplified genes (normalized copy number 42) were
left out when calculating the total sum of peak areas,
and the peak areas were renormalized.

Data were also analyzed and normalized by two
other distinct ways in order to work out experi-
mental variability, noise, and known drawbacks of
MLPA kits. At first, the MRC-Holland software
Coffalyser version 2 was used to correct slope where
necessary, and to detect gains and losses in gene
copy number. Next, as a large number of chromoso-
mal abnormalities may be present in cancer cells, we
also normalized the data by selecting internal
control probes whose pattern of amplification did
not deviate from that of the reference controls, ie
genes with the lowest relative peak area variation in
all experiments.

A difference between control and tumor samples
was interpreted as significant only when the ratio
was less than 0.7 (loss) or higher than 1.3 (gain).
Only gains and losses that were concordant using
these different approaches were considered reliable.

Fluorescence In Situ Hybridization Analysis

Fluorescence in situ hybridization (FISH) was
performed on 4-mm paraffin-embedded sections.
After two cycles of deparaffinization in xylene for
15min and dehydration in 100% ethanol for 1min,
the samples were permeabilized by microwave oven
with citrate buffer 0.01M (pH 6.0) for 5min, and
then digested with proteinase K (25 mg/ml) in 50mM
Tris HCl pH 7.6/1mM CaCl2, at 371C for 15min.
Sections were then hybridized overnight at 371C
with LSI TOP2A SpectrumOrange, ERBB2 Spec-
trumgreen, and CEP17 SpectrumAqua probes
(Vysis-Abbott, IL, USA), according to manufacturer’s
instructions; before hybridization, probes and target
DNAwere codenatured using Hybrite system (Vysis)
at 801C for 10min. Nuclei were counterstained with
40,6-diamidino-2-phenylindole (DAPI) and mounted
in antifade solution Vectashield (Vector, UK). Ana-
lysis was carried out with a fluorescence microscope
(Zeiss Axioskop 2 Plus, Zeiss, Germany) equipped
with single-band filters. For each probe set, 60

nonoverlapping nuclei were enumerated and results
were reported as the ratio between number of signals
ERBB2/CEP17 and TOP2/CEP17. The cutoff value
for designation of amplification was a ratio Z2 for
each probe.

Statistical Analysis

Association between DNA copy number alterations
and survival was analyzed using the Mann–Whitney
U-test; the same test was performed on specific
subset of chromosomes and genes. Differences with
a P-valueo0.05 were considered statistically sig-
nificant. Statistical analysis was performed by using
the StatGraphics software, version 2.6. Survival
curves and probabilities were estimated using the
Kaplan–Meier analysis.

Results

Amplification Pattern in Control Samples

To determine the reliability of the MLPA kits
employed and to establish the relative pattern of
probe amplification in normal control samples, we
analyzed eight nonneoplastic DNA, six obtained
from normal esophageal mucosa distant from the
margin of the resected tumor, and two from PBMC.
In all controls the relative areas of amplification for
most probes were homogeneous, with standard
deviations ranging between ±0.03 and ±0.1 and
considered compatible with experimental variabil-
ity declared by the manufacturer. Probes for IL12A
and EHF genes (SALSA P006 kit) and CTPS probe
(SALSA P007 kit) that exhibited a variability higher
than 10% were not considered in the study as well
as probes for X and Y chromosomes. Therefore, the
final analysis was performed on 103 rather than 112
genes.

Association Between Copy Number Alterations
and Survival in Esophageal Adenocarcinoma Cases

Results of the MLPA analysis revealed DNA copy
number changes in all samples (mean 15.6; range 3–
33). Altogether 97 (94%) out of 103 genes examined
presented alterations and at least one gene imbal-
ance was present in almost all chromosomes. When
the number of chromosomal aberrations were corre-
lated to clinicopathological features no association
was found between the number of alterations and
patients gender, age, tumor grade, or pTNM staging
(Table 1). However, when the total number of
chromosomal imbalances was correlated to patient
survival, a significant association (P¼ 0.002)
between the total number of gains/losses and
survival was found. In particular, by dividing the
patients according to their median survival time
(20 months), we found that the mean number of
quantitatively altered genes per tumor was 20.7
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(range 6–33) in patients with a survival r20 months
(17 patients), compared to 10.1 (range 3–22) in
patients with a survival 420 months (16 patients)
(Table 2). Similarly, stratification of the patients
according to the median number of chromosomal
imbalances (12 aberrations), showed a good associa-
tion with survival (P¼ 0.014). Indeed, the 17
patients with r12 alterations had a mean survival
of 51 months (range 3–114), whereas the 16 patients
with 412 aberrations showed a lower survival
(mean 23 months, range 4–78). The correlation
between the number of chromosomal abnormalities
and survival was also significant when analysis
was restricted to the 19 patients classified in the
same pT3N1M0 stage. Among them, the 9 patients
exhibiting a median number of aberration r12
showed a mean survival of 37 months (range
9–96), whereas the mean survival of the 10 patients
exhibiting 412 aberrations was 11 months (range
4–20) (P¼ 0.003). Reverse association between sur-
vival and DNA copy number alterations was also
sustained by Kaplan–Meier survival analysis, as
reported in Figure 1.

Analysis of Chromosomal Regions Involved in DNA
Copy Number Alterations

Thus we analyzed single gene imbalance in further
details. Applying a cutoff level of 20% frequency,
we found an imbalance of 32 genes (26 gains, 8
losses) in the r20-month survival group and of 7
genes (6 gains, 1 loss) in the 420-month survival
group. Both subgroups showed amplifications on
chromosomes 6p12, 8q24, 13q34, 17q11–q21,
20q12–q13, whereas losses where more frequent on
chromosomes 4q22, 15q21–q22, and 18q21.3. How-
ever, when the frequency of total gains and losses
was compared at single chromosome level in the
two subgroups, we found a statistically different
number of gains on chromosomes 5, 6, 7, 11, and 20
(Po0.05), whereas chromosome 8 showed a
P¼ 0.055; losses were significant for chromosomes
1, 3, 5, 11 (Po0.03), and chromosome 18 showed a
P¼ 0.056 (Table 3). Nevertheless, when the analysis
was restricted to specific chromosomal regions, we
found that the difference between the two groups
was even higher for chromosomes 11q13 and 20q13,
and that imbalances on chromosomes 8q24.3 and
18q21.3 became statistically significant (Table 3).

As expected, comparison of the specific altera-
tions present in the two survival groups revealed an
overlap of some genetic changes (Table 4). Common
genes exhibiting the same high frequency of DNA
copy number gains were VEGF (6p12; 450%), PTK2
(8q24; 455%), ING1 (13q34; 425%), and SCYA3
(17q11–q21;469%). Genes that were altered in both
groups but with different frequencies were NCOA3
(20q12; 59% in the poorest survival group vs 37% in
the 420 months survival group) and PTPN1

Table 2 Correlation between survival and number of genetic alterations in esophageal adenocarcinoma casesa

Median Survival (months) Cases (n) Mean alterations (range) P-valueb

r20 17 20.7 (6–33) 0.002
420 16 10.1 (3–22)

a
Altogether, 109 different genes were analyzed.

b
P-value was calculated using the Mann–Whitney U-test.

Figure 1 Kaplan–Meier curves of the overall survival of esopha-
geal adenocarcinoma patients. All 33 esophageal adenocarcinoma
patients studied (upper panel) and the 19 patients staged as
pT3N1M0 (lower panel) were stratified according to the median
number of total aberration.
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(20q13.13; 53 vs 25%). Genes that were amplified in
both groups but only in a few patients includes
BAK1 (6p21.3), ABCB1 (7q21.1), PRKDC (8q11), all
with frequencies around 20%. Interestingly, this

analysis showed that KIAA0170 (6p21.31), EMS1
(11q13), and ABCC4 (13q32) genes were amplified
with frequencies between 23 and 35% only in the
group with poor survival.

A similar behavior was observed for losses
(Table 4), with genes ABCG2 (4q22; 420%), DCC
(18q21.3; 430%), exhibiting comparable frequen-
cies of loss in both subgroups; genes F3 (1p22–p21;
35%) and MIF (22q11.23; 23%) were instead lost
only in the group with poor survival. No specific
alterations were found in the 420-month survival
group. Thus, although the difference between single
gene did not reach statistical significance, some of
the observed alterations seem to be a unique feature
of rapid progressing patients.

Interestingly, in samples from patients with poor
survival we found regions of imbalance at chromo-
somes 8q24.3, 11q13, 20q13.1, and 18q21.3, char-
acterized by the concurrent amplification or loss of
at least two contiguous probes (Table 5).

MLPA Data Validation

Data obtained with MLPA kits were validated by
both FISH analysis and gene-specific MLPA. FISH

Table 3 Chromosomes showing a different imbalance profile in
r20 vs 420-month survival groups of esophageal adenocarcino-
ma patientsa

Total gains P-valueb Gains at specific regions P-valueb

Chromosome 5 0.031
Chromosome 6 0.024
Chromosome 7 0.047
Chromosome 8 0.055 Chromosome 8q24.3 0.007
Chromosome 11 0.045 Chromosome 11q13 0.01
Chromosome 20 0.033 Chromosome 20q13.13 0.014

Total losses P-valueb Losses at specific regions P-valueb

Chromosome 1 0.020
Chromosome 3 0.031
Chromosome 5 0.019
Chromosome 11 0.031
Chromosome 18 0.056 Chromosome 18q21.3 0.028

a
Only significant chromosomes are reported.

b
P-value was calculated by the Mann–Whitney U-test.

Table 4 Most frequently altered genes in the two survival groups of esophageal adenocarcinoma patientsa

Frequency (%)Location Gene Gain/loss

r20-month survival 420-month survival

Function

6p21.31 KIAA0170 (MDC1) Gain 23 0 DNA damage checkpoint
6p21.3 IER3 Gain 41 12 Anti-apoptotic
6p21.3 BAK1 Gain 23 19 Proapoptotic
6p12 VEGF Gain 53 63 Angiogenesis
6q22 MYB Gain 23 6 Transcription
7q21.1 ABCB1 Gain 29 19 Multidrug resistance
7q31 MET Gain 29 6 Tyrosine kinase
8p11.2–p11.1 FGFR1 Gain 35 6 Growth factor receptor
8q11 PRKDC Gain 29 19 DNA protein kinase
8q24 PTK2 (FAK) Gain 59 56 Tyrosine kinase
8q24.3 PTP4A3 Gain 42 12 Tyrosine phosphatase
8q24.3 RECQL4 Gain 41 6 Helicase
11q13 CCND1 Gain 35 6 Cyclin
11q13 FGF3 (INT2) Gain 23 6 Growth factor
11q13 EMS1 (CTTN) Gain 35 0 Cytoskeleton organization
13q12.3 BRCA2 Gain 23 6 DNA repear
13q32 ABCC4 Gain 23 0 Multidrug resistance
13q34 ING1 Gain 29 25 Growth arrest and apoptosis
15q25–q26 IGF1R Gain 35 12 Cell-cycle progression
17q11–q21 SCYA3 (MIP1) Gain 76 69 Chemokine
17q21.1 ERBB2 Gain 23 12 Growth factor receptor
20q12 NCOA3 Gain 59 37 Transcriptional activator
20q13.13 PTPN1 Gain 53 25 Tyrosine phosphatase
1p22–p21 F3 (TF) Loss 35 0 Coagulation
4q22 ABCG2 Loss 23 19 Multidrug resistance
5q31 IL13 Loss 41 12 Cytokine
15q21–q22.2 B2M Loss 29 19 b-2 mioglobine
18q21.3 DCC Loss 35 31 Cell adhesion and migration
18q21.31 PMAIP1 (NOXA) Loss 29 6 Proapoptosis
18q21.3 BCL2 Loss 35 12 Anti-apoptosis
22q11.23 MIF Loss 23 0 Cytokine

a
A cutoff of 20% frequency was applied for the r20 month survival group whereas all frequencies are shown for the 420 month survival group.
Genes altered only in the poor survival group are shown in bold.
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validation of DNA copy number gains was carried
out on two esophageal adenocarcinoma samples
which showed ERBB2 and TOPO-2 amplification by
MLPA analysis. Locus-specific probes for ERBB2
and TOPO-2 were co-hybridized to paraffin-em-
bedded tissue sections corresponding to the frozen
biopsies used for DNA extraction and MLPA
experiments. Both samples resulted amplified for
ERBB2 and TOPO-2 genes. As shown in Figure 2,
one case showed high-grade amplification of both
genes (420 copies) with a cluster of co-localized
signals inside the nuclei (Figure 2). The second case
showed a moderate amplification (8–10 signals for

TOPO-2 and 5–7 for ERBB2), with a diffuse pattern
of signals (data not shown). Interestingly, the
different levels of amplification found by FISH
analysis confirmed the data obtained by MLPA,
where the ratio for both genes was Z2 in the first
case, and 1.5 (TOPO-2) and 1.3 (ERBB2) in the
second one.

In an independent series of experiments, we also
found a good concordance in analyzing three samples
that showed gains of BRCA2 gene and one exhibiting
amplification of BRCA1 gene, using MLPA kits
specific for the whole genes (P045 and P087,
respectively). Amplifications of BRCA1 and BRCA2,
as well as the sequences just upstream and down-
stream of the latter gene, were confirmed to be
amplified in all cases (data not shown). Altogether,
these results are in excellent concordance with those
obtained with P005, P006, and P007 MLPA kits.

Discussion

Identifying genetic and/or biological features of
tumors that correlate with clinical characteristics is
an important goal in cancer research. Nonetheless,
although molecular research has generated an
enormous amount of information on the progression
processes involved in many tumor types, to date
very little is known regarding esophageal adenocar-
cinoma. Studies carried out by classical CGH have
demonstrated multiple chromosomal copy number
changes, including gains in chromosomes 6q, 7p, 7q,
8q, 11q, 15q, 17q, and 20q, as well as losses at
chromosomes 1p, 3p, 4p, 4q, 5q, 8p, 9p, 17p, and
18q.4–8,14 However, the minimal amplified region
detected by conventional CGH usually spans several
megabases, making it difficult to identify specific
candidate genes involved in tumor development.

The present study reports an analysis carried out
to identify DNA copy number changes and putative
genes of interest that correlate with clinicopatholo-
gic features of 33 esophageal adenocarcinoma

Table 5 Frequency of concurrent DNA gain/loss of nearby genes in the two survival groups

Gene Location Gene distancea (Mbp) Gain/loss Frequency of association (%)

r20-month survival 420-month survival

PTP4A3
RECQL4

8q24.3 3.2 Gain 35 0

CCND1 11q13 0.2 Gain 23 6
FGF3 (INT2)

FGF3 (INT2) 11q13 0.6 Gain 18 0
EMS1 (CTTN)

NCOA3 20q13.12 3.0 Gain 41 6
PTPN1 20q13.13

PMAIP1 (NOXA) 18q21.32 3.3 Loss 23 0
BCL2 18q21.33

a
Distance between genes was calculated in accord with the gene position reported at http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/
wwwtax.cgi site.

Figure 2 FISH analysis of ERBB2 and TOPO-2 amplification.
Locus-specific probes for ERBB2 (SpectrumGreen) and TOPO-2
(SpectrumOrange) were co-hybridized to paraffin-embedded
tissue sections. CEP17 (SpectrumAqua) was used as a control
for normalization.
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samples using the MLPA technique. Applying this
technique, which is comparable to array-CGH in
terms of robustness,9 we not only found chromoso-
mal gains and losses that are largely in agreement
with the literature, but were also able to identify
specific genes that are located within the candidate
chromosomal region. Although no correlation be-
tween gender, age, grade, or pTNM stage could be
found, we observed a highly significant association
between the number of gains/losses and survival.
Indeed, by dividing the 33 esophageal adenocarci-
noma samples into two subgroups based on the
median survival (r20 months, 17 cases and 420
months, 16 cases), we found a statistically signifi-
cant difference in the total number of imbalances
(P¼ 0.002). Consistently, stratification of the sam-
ples by the median number of chromosomal altera-
tions (r12 aberrations, 17 cases and 412
aberrations, 16 cases), revealed that the two groups
differed significantly in their overall survival
(P¼ 0.014). Albeit the increase in copy number
abnormalities observed in patients with a worse
outcome could simply reflect a general increase in
genetic instability often detected in tumor progres-
sion, we also observed a highly significant associa-
tion between the number of abnormalities and
survival in patients with tumors diagnosed at the
same pT3N1M0 staging (Figure 1).

Analysis of the genes involved revealed that,
besides genes affected in both subgroups, some genes,
such as KIAA0170 (6p21.31), EMS1 (11q13), ABCC4
(13q32), F3 (1p22–p21) and MIF (22q11.23) were
affected only in the poor survival group. Furthermore,
we found regions of imbalance, characterized by the
concomitant gain or loss of two contiguous genes,
present exclusively or with much higher frequency in
samples from patients with a survival r20 months.

Recurrent DNA gains on chromosome 6p have been
reported in esophageal adenocarcinoma,6,7,15 but to
date they have not been well characterized. Our
analysis revealed that besides VEGF amplification
(6p12) common to 50% of esophageal adenocarcino-
ma samples, other alterations were found exclusively
or mostly in the r20-month survival subgroup, such
as gain of KIAA0170 and IER3 genes at 6p21.3. In
addition, at the 8q24.3 region we were able to identify
one putative area of amplification of 3.2Mbp that
appears specific for samples from patients with worst
survival. In the poor survival subgroup, we also
observed at chromosome 11q13 two areas of gain
marked by CCND1, FGF3, and EMS1 genes. Interest-
ingly, all these genes have been associated with
different tumors;16–18 in particular, EMS1 amplifica-
tion and overexpression was related to poor prognosis
in breast cancer19 and disease progression in esopha-
geal squamous cell carcinoma.20

A DNA gain at chromosome 20q is the most
frequent chromosomal aberration described in eso-
phageal adenocarcinoma, being found in up to 60%
of cases.15 Albrecht et al,21 using array-CGH reported
ZNF217 (20q13.2) and MYBL2 (20q13.12) amplifica-

tions in 39% of the cases. We also found amplifica-
tions at chromosome 20q13; however, in our study
the sequences used were specific for NCOA3 and
PTPN1 genes that are located in a region internal to
that delimited by ZNF217 and MYBL2. Both NCOA3
and PTPN1 genes exhibited an high-gain frequency
in all esophageal adenocarcinoma samples; how-
ever, they were coamplified in 44% of patients with
lower survival and in only 6% of those with survival
420 months. In agreement with Albrecht’s data,21

we did not find significant alterations of STK15 gene
(20q13.2), often amplified in ovarian carcinoma.

Although DNA copy number changes cannot
directly be used to predict RNA transcript levels,
several recent studies have shown a significant
correlation between somatic DNA alterations and the
corresponding profile of RNA changes.20,22,23 Interest-
ingly, within chromosome 15q26, we found recurrent
DNA sequence copy number gains for IGF1R in both
survival subgroups even though with different fre-
quencies (35% in the r20-month survival group vs
12% in the good survival group). This result confirms
previous studies by Iravani et al,24 who reported a
correlation between IGF1R protein expression and
progression of esophageal adenocarcinoma.

In conclusion, we found a good correlation
between the total number of chromosomal altera-
tions and survival of esophageal adenocarcinoma
patients, suggesting that the estimation of the total
number of imbalances might represent an additional
indicator of disease outcome. Furthermore, although
further studies are warranted to validate the ob-
served alterations, some of them appear to be
specific for the more aggressive esophageal adeno-
carcinoma subset, and therefore might represent
useful biomarkers to increase the accuracy of
clinical outcome prediction.
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