
Abstract. Advanced esophageal cancer has been recently
treated by multimodal therapy including preoperative chemo-
therapy or chemoradiotherapy and surgery. A biopsy sample
provides a valuable specimen for understanding the biological
characteristics of individual esophageal cancer. Pretreatment
prediction of the response to chemotherapy or radiotherapy
based on biological characteristics using biopsy samples is a
desirable goal. In using biopsy samples for molecular analysis,
there are two problems; the proportion of cancer cells and the
intratumor heterogeneity. This study was conducted to
investigate the feasibility of using endoscopic biopsy samples
of esophageal squamous cell cancer (ESCC) for comprehensive
gene expression profiling (GEP). Comprehensive GEP was
performed in 40 bulky ESCC specimens and 10 normal
esophageal epithelial specimens from patients who underwent
esophageal resection and 52 endoscopic ESCC biopsy samples
from 26 patients (two samples per one patient). Unsupervised
hierarchical cluster analysis showed distinct profiles between
the bulky ESCC specimens and normal epithelial specimens.
Also, unsupervised hierarchical cluster analysis revealed
distinct profiles between the biopsy ESCC samples and normal
epithelial specimens. Moreover, a couple of biopsy samples
taken from different locations of the same tumor were closely
clustered together. That is, biopsy ESCC samples were
distinguished from normal esophageal epithelial specimens
and the intratumor heterogeneity of GEP was smaller than

intertumor heterogeneity. GEP using biopsy ESCC samples
is feasible and has the potential to represent the biological
properties.

Introduction

Advanced esophageal cancer, which has a poor prognosis,
has been previously treated by multimodal therapy including
preoperative chemotherapy or chemoradio therapy and surgery
(1,2). Neoadjuvant therapy has been shown to improve the
prognosis of responders. On the other hand, non-responders
not only suffer from side effects but also lose precious time
to take advantage of other possible treatments (3,4).
Therefore, pretreatment prediction of the response to chemo-
or radiotherapy is one of the most desirable goals in clinical
practice, but pretreatment clinocopathological factors are
unable to predict the response and there is no reliable method.
Biological characteristics of a tumor are important factors
affecting the malignant potential and sensitivity to chemo-
therapy or radiotherapy.

A pretreatment biopsy sample provides a valuable
specimen for understanding the biological characteristics of
individual esophageal cancer. Molecular analyses, such as
RT-PCR and immunohistochemistry, of pretreatment
endoscopic biopsy samples of esophageal cancer have been
performed to understand the biological characteristics of
esophageal cancer (5-7). However, only one gene or a few
genes have been addressed in these studies. Multiple genetic
alterations are involved in the development and progression
of esophageal cancer and these aberrations may affect the
expression of a large number of genes (8,9) and numerous
molecular pathways may contribute to the sensitivity of
chemotherapy or radiotherapy. Gene expression profiling
(GEP) allows assessment of expression of thousands of genes
simultaneously and is one of the powerful tools for under-
standing the biological characteristics of each tumor. In fact,
this approach has already been used to identify genes that
could serve as molecular markers of cancer classification and
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outcome prediction (10-14). In esophageal cancer, GEP using
surgical resection samples has been performed (15-17).
However, these results can be used only in the selection of
post operative adjuvant therapy or follow-up schedules. To
apply the results of GEP to therapeutic planning of esophageal
cancer in clinical practice, pretreatment endoscopic biopsy
samples should be analyzed. Recently, GEP using not only
surgically resection samples but also biopsy samples has been
successfully performed (18-21).

Endoscopic biopsy samples are usually small and
morphologically esophageal cancer often displays intratumor
macroscopic and microscopic heterogeneity. If the biopsy
samples used for molecular analysis contain no or few cancer
cells, it would not represent the biological characteristics of a
tumor. If the gene expression of samples taken from different
locations in the same tumor is drastically different, biological
classification based on molecular analysis of biopsy samples
may not be suitable. That is, in using biopsy samples for
molecular analysis, there are two problems; the proportion of
cancer cells and the intratumor heterogeneity of gene
expression. However, there have been few studies addressing
these problems (7).

This study investigated whether biopsy ESCC samples can
be distinguished from normal esophageal epithelial specimens
by GEP and assessed the intratumor heterogeneity of GEP by
analyzing a couple of biopsy samples taken from different
locations of the same tumor.

Materials and methods

Patients and clinical samples. Esophageal squamous cell
cancer (ESCC) samples were obtained from 40 patients and
normal esophageal epithelial specimens from 10 patients who
underwent a surgical resection. The clinicopathological
characteristics of the resected ESCC specimens are listed in
Table I. Normal esophageal epithelial specimens were collected
from the area normally stained by the Lugol dye. In addition,
a couple of endoscopic biopsy samples of ESCC were
obtained from 26 patients and assayed separately (Fig. 1).
The clinicopathological characteristics of the biopsy ESCC
specimens are listed in Table II. None of the patients received
either chemotherapy or radiotherapy before the surgery or
endoscopy. Tissue specimens were disrupted in RNAlater
(Ambion, Austin, TX) and stored at 4˚C for 1-2 h, then at
-80˚C until use. For each biopsy specimen, an adjacent cancer
tissue biopsy was given to a pathologist for assessing the
presence of cancer and its histology. Routine hematoxylin and
eosin- (H&E) stained slides were used. All aspects of this study
protocol were performed according to the ethical guidelines
set by the committee of the three Ministries of the Japanese
Government and a signed consent form was obtained from
each subject.

Cellular composition of the biopsy specimens. The cellular
composition of biopsy specimens was determined by an
evaluation of the cell squares in the H&E-stained slides using
light microscopy. These results were recorded as percentages.
A total 110 biopsy samples from 45 ESCC patients, partly
including patients enrolled in the microarray analysis, were
analyzed.

Extraction and quality assessment of RNA. Total RNA was
purified from clinical samples utilizing TRIzol reagent
(Invitrogen, San Diego, CA) as described in the accompanying
protocol. The integrity of RNA was assessed by Agilent 2100
Bioanalyzer and RNA 6000 LabChip kits (Yokokawa
Analytical Systems, Tokyo, Japan). Only high-quality RNA
with intact 18S and 28S ribosomal RNA was used for the
subsequent analysis. For control reference, 15 RNA samples
from normal esophageal epithelial specimens were mixed.

Preparation of fluorescent-labeled aRNA targets and
hybridization. The extracted RNA samples were amplified
with T7 RNA polymerase using Amino Allyl MessageAmp™
aRNA kit (Ambion) according to the manufacturer's
protocol. The quality of each Amino Allyl-aRNA sample was
checked by Agilent 2100 Bioanalyzer. Five μg of control and
experimental aRNA samples were labeled with Cy3 and
Cy5, respectively, mixed and hybridized on an oligo-
nucleotide microarray covering 30,000 human probes
(AceGene Human 30K; DNA Chip Research Inc. and
Hitachi Software Engineering Co., Ltd., Yokohama Japan).
The experimental protocol is available at http://www.dna-
chip.co.jp/thesis/AceGeneProtocol.pdf. Thereafter, the
microarrays were scanned using the ScanArray 4000 (GSI
Lumonics, Billerica, MA).
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Table I. The clinicopathological characteristics of the resection
ESCC specimens.
–––––––––––––––––––––––––––––––––––––––––––––––––
Characteristics No. of patients
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender
Male/Female 030/10

Age
Median 64

Tumor locationa

Cervical esophagus 1
Upper thoracic esophagus 7
Middle thoracic esophagus 17
Lower thoracic esophagus 15

Pathological T categorya

pT1 6
pT2 3
pT3 26
pT4 5

Pathological N categorya

pN0 9
pN1 19
pM1(LYM) 12

Pathological disease stagea

pStage I 2
pStage II 11
pStage III 13
pStage IV 14

–––––––––––––––––––––––––––––––––––––––––––––––––
aAccording to TNM classification.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Analysis of microarray data. Signal values were calculated
by DNASISArray software (Hitachi Software Inc. Tokyo,
Japan). Following background subtraction, data with low
signal intensities were excluded from additional investigation.
In each sample, the Cy5/Cy3 ratio values were log-transformed
and global equalization to remove a deviation of the signal
intensity between whole Cy3- and Cy5-fluorescence was

performed by subtracting a median of all log(Cy5/Cy3) values
from each log(Cy5/Cy3) value. Genes with missing values in
>10% of the samples were excluded from further analysis.
Hierarchical cluster analysis (HCA) with Euclidean distance
as a similarity coefficient and Ward as a clustering algorithm
was performed using GeneMath 2.0 software (Applied Maths,
Inc., Austin, TX).

Up- or down-regulated genes. Commonly up-regulated genes
were defined when their expression levels were 2-fold or more
against the control reference in at least 50% of the samples. In
addition, commonly down-regulated genes were defined when
their expression levels were half-fold or less against the control
reference in at least 50% of the samples.

RT-PCR. To verify our microarray data, RT-PCR was
performed for two of the commonly up-regulated genes
(MMP9 and SPARC). Total RNA (2 μg) from eight biopsy
ESCC specimens and control reference (mixture of fifteen
RNAs from normal esophageal epithelial specimens) was used
for the reverse-transcription reaction with oligo-(dT) primer,
using the Reverse Transcription System (Promega, Madison,
WI). PCR was performed in a 25 μl reaction mixture
containing 1 μl of cDNA template, 0.2 mmol/l of each primer
and 1 unit of Taq DNA Polymerase (AmpliTaq Gold, Roche
Molecular Systems, Pleasanton, CA), as follows; one cycle
of 95˚C for 12 min, followed by 25 cycles of 94˚C for 1 min,
60˚C for 1 min, 72˚C for 1.5 min, followed by 72˚C for 10 min.
The primers were designed by using Web-based Primer 3
software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_
www.cgi). GAPDH was also amplified as a marker to confirm
the amounts of cDNA generated from each sample. PCR
products were visualized with ethidium bromide following
separation by electrophoresis on 2% agarose gel.

Results

Cellular composition of biopsy specimens. The mean
percentage of tumor cells and stromal cells were 46 and 26%
with a standard deviation of 20 and 16, respectively.

Total RNA yield from biopsy specimens. The average and
minimum volume of total RNA from one biopsy sample was
17.7 and 2.2 μg, respectively. The quality of all the extracted
RNAs was sufficient for comprehensive GEP with intact 18S
and 28S ribosomal RNA.

Gene expression profiling between resection ESCC specimens
and normal esophageal epithelial specimens and between
biopsy ESCC specimens and normal esophageal epithelial
specimens. First, GEP was compared between resection ESCC
specimens and normal esophageal epithelial specimens. After
gene processing described previously, 18,718 genes were used
for further analysis. Unsupervised HCA using all 18,718 genes
showed distinct profiles between the two groups (Fig. 2). All
resection ESCC specimens were distinguished from normal
esophageal epithelial specimens by GEP.

Secondly, GEP was compared between biopsy ESCC
specimens and normal esophageal epithelial specimens. After
gene processing, 18,734 genes were used for further analysis.
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Figure 1. Sampling method for the biopsy ESCC specimens. A couple of
biopsy samples were collected from each patient during a routine endoscopic
examination.

Table II. The clinicopathological characteristics of the biopsy
ESCC specimens.
–––––––––––––––––––––––––––––––––––––––––––––––––
Characteristics No. of patients
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender
Male/Female 19/7

Age
Median 67

Tumor locationa

Upper thoracic esophagus 11
Middle thoracic esophagus 11
Lower thoracic esophagus 4

Pretherapeutic clinical T categorya

cT1 1
cT2 5
cT3 14
cT4 6

Pretherapeutic clinical N categorya

cN0 0
cN1 13
cM1(LYM) 13

Pretherapeutic clinical stagea

cStage I 0
cStage II 2
cStage III 9
cStage IV 15

–––––––––––––––––––––––––––––––––––––––––––––––––
aAccording to TNM classification.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Unsupervised HCA using all 18,734 genes showed distinct
profiles between the two groups (Fig. 3). Almost all biopsy
ESCC specimens except one specimen were distinguished
from normal esophageal epithelial specimens by GEP.
Moreover, a couple of biopsy samples taken from different
locations of the same tumor were closely clustered together,
except one case.

Commonly up- or down-regulated genes in resection and
biopsy ESCC specimens. A total of 129 and 136 commonly
up-regulated genes were identified in the resection and biopsy
ESCC specimens, respectively and 85 genes (~65%) were
overlapped in both groups. In addition, 518 and 506 commonly
down-regulated genes were identified in resection and biopsy
ESCC specimens, respectively and 444 genes (~85%) were
overlapped in both groups. To confirm the microarray data,
RT-PCR was performed for two of the commonly up-regulated
genes (MMP9 and SPARC) in eight biopsy samples. These
genes have been reported to be associated with progression of
esophageal cancer (22,23). The expression patterns of RT-PCR
closely agreed with those of the microarray in both genes
(Fig. 4).

Discussion

To understand the biological characteristics of individual
esophageal cancer, molecular analysis of pretreatment
endoscopic biopsy samples have been performed. Miyata et al
performed immunohistochemical analysis of six molecules in
pre radiation biopsy samples. The sensitivity of radiation
therapy was significantly correlated with p53 and CDC25B
expression (6). Langer et al investigated expression of 12
molecules in pretreatment biopsy samples using a real-time
RT-PCR analysis and compared the histological effect to
cisplatin and 5-fluorouracil chemotherapy. MTHFR, caldesmon

and MRP1 were significantly associated with the response (7).
However, it is clear that several genes will not define the
biological characteristics of individual tumors. The properties
of each tumor are likely to reflect the functions of all gene
products. Therefore, multiple markers will be needed to
adequately define the sensitivity of tumors to chemotherapy
or radiotherapy and GEP, which can assess the expression of
thousands of genes, will likely to be a suitable approach. This
is a feasibility study of using biopsy samples in comprehensive
GEP for future clinical application.

Cancer tissues consist of mixed populations of cancer cells
and stromal cells, such as fibroblasts, infiltrating lymphocytes
and endothelial cells. GEP of cancer is currently based on
two main methods of RNA preparation; whole tissue RNA
extraction and laser capture microdissection (LCM). LCM
certainly can improve tissue sampling and achieve homo-
geneity of the tumor tissue. However, stromal elements play
multiple roles in tumor growth and progression and also
contribute to tumor response to chemotherapy or radiotherapy
(24-26). The biological characteristics of a tumor are
considered to be reflected by both the cancer cells and stromal
cells, so whole tissues of the specimens were analyzed.

Endoscopic ESCC biopsy samples are small, so it is very
difficult to assess the proportion of cancer cells by investigating
a part of a sample. In the H&E-stained slides, the average ratio
of cancer cells and stromal cells of biopsy specimens was
46 and 26%, respectively, although these samples were
different from those actually used in the microarray analysis.
If the biopsy sample using comprehensive GEP is composed
of mostly normal cells, it would not represent the biological
characteristics of a tumor. First, this study confirmed that
resection ESCC specimens were distinguished from normal
esophageal epithelial specimens by GEP. Then, it verified that
biopsy ESCC specimens were distinguished from normal
esophageal epithelial specimens by GEP. In this study, the
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Figure 2. Hierarchical cluster analysis with 18,718 genes in 40 resection ESCC samples and 10 normal esophageal epithelial specimens. The rows and columns
represent genes and samples, respectively. The color scale at the bottom indicates the relative expression levels in terms of standard deviations from the median.
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reason that one biopsy specimen could not be distinguished
from the normal esophageal epithelial specimens, perhaps,
was that there was a low proportion of cancer cells due to a
sampling error, though it was possibly adequate for the
diagnosis of cancer by microscopy.

There is histopathological heterogeneity in esophageal
cancer, as in other solid tumors. The influence of such
morphological intratumor heterogeneity on GEP is not clear,
though the heterogeneity is detected in individual genes
(4,27,28). Therefore, the difference of GEP between biopsy

samples taken from different locations in the same tumor
should be elucidated. In the current study, a couple of
endoscopic biopsy samples obtained from the same case were
closely clustered together in almost all cases. This result means
that the intratumor heterogeneity of GEP is smaller than
intertumor heterogeneity in the superficial position of
esophageal cancer and one biopsy specimen may represent
GEP of the superficial position of esophageal cancer.
Concerning the intratumor heterogeneity of GEP in other
solid tumors, the degree of GEP variability within gastric
cancer samples isolated from resection specimens of same
patient was remarkably low (29). In surgically resected soft
tissue sarcomas, the average intratumor distance was
considerably shorter than the intertumor distance and
intratumor heterogeneity seems to have only a small impact
on the variability of GEP (30,31). In endoscopic biopsy
samples of colorectal cancer, the intratumor heterogeneity of
GEP is smaller than intertumor heterogeneity (21). The
findings of these studies are consistent with the current results.
It is not clear how many biopsy samples from one patient are
sufficient to assess the intratumor heterogeneity. In normal
rectal epithelial specimens, two biopsy samples per person are
recommended for microarray analysis based on the variation
in gene expression data within a person (32). In cervical cancer,
although the majority of genes are expressed relatively
uniformly, a subset of genes can be expressed quite variably
within a single patient. Genes which have a wide variation
within a single patient require several biopsies, sometimes
>10 biopsies, based on a statistical analysis. However, the
optimum number of biopsies cannot be chosen based on
statistical reasoning alone, because in the clinical practice,
the feasibility of taking many biopsies from one patient is a
restrictive factor (33).
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Figure 3. Hierarchical cluster analysis with 18,734 genes in 52 biopsy ESCC samples and 10 normal esophageal epithelial specimens. The rows and columns
represent genes and samples, respectively. The color scale at the bottom indicates the relative expression levels in terms of standard deviations from the median.

Figure 4. The expression patterns of RT-PCR. (A) SPARC and (B) MMP9.
T1-T8, biopsy cancer sample. N, control reference.
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The question remains as to whether an endoscopic biopsy
ESCC sample reflects the characteristics of the whole tumor.
In breast cancer, by comparing GEP of tissue samples with the
same cases of FNAB samples, the differences are looked
closer (34). Komori et al reported that an endoscopic biopsy
sample of colorectal cancer might give an accurate picture of
the GEP in the whole tumor (21). In this study, although biopsy
samples and resection samples were taken from different
patients, ~65% of the commonly up-regulated genes and
85% of the commonly down-regulated genes were over-
lapped. This result indicates that the GEP of endoscopic
biopsy samples of ESCC may potentially represent the GEP of
whole tumors.

In summary, comprehensive GEP using biopsy ESCC
specimens is feasible and has the potential to represent the
biological properties of ESCC. Further studies with compre-
hensive GEP using biopsy samples would provide a novel
prediction system of neoadjuvant chemotherapy or chemo-
radiotherapy for ESCC.
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