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Abstract

AIM: To identify alterations in genes and molecular
functional pathways in esophageal cancer in a high
incidence region of India where there is a widespread
use of tobacco and betel quid with fermented areca nuts.

METHODS: Total RNA was isolated from tumor and
matched normal tissue of 16 patients with esophageal
squamous cell carcinoma. Pooled tumor tissue RNA was
labeled with Cy3-dUTP and pooled normal tissue RNA
was labeled with Cy5-dUTP by direct labeling method.
The labeled probes were hybridized with human 10K
cDNA chip and expression profiles were analyzed by
Genespring GX V 7.3 (Silicon Genetics).

RESULTS: Nine hundred twenty three genes were
differentially expressed. Of these, 611 genes were
upregulated and 312 genes were downregulated. Using
stringent criteria (P < 0.05 and = 1.5 fold change),
127 differentially expressed genes (87 upregulated
and 40 downregulated) were identified in tumor
tissue. On the basis of Gene Ontology, four different
molecular functional pathways (MAPK pathway,
G-protein coupled receptor family, ion transport activity,
and serine or threonine kinase activity) were most
significantly upregulated and six different molecular
functional pathways (structural constituent of ribosome,
endopeptidase inhibitor activity, structural constituent of
cytoskeleton, antioxidant activity, acyl group transferase
activity, eukaryotic translation elongation factor activity)
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were most significantly downregulated.

CONCLUSION: Several genes that showed alterations in
our study have also been reported from a high incidence
area of esophageal cancer in China. This indicates that
molecular profiles of esophageal cancer in these two
different geographic locations are highly consistent.
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INTRODUCTION

Environmental carcinogens have repeatedly been shown
to affect the genetic material of host cells, leading to
uncontrolled growth and ultimately malignant tumors'",
The development of esophageal cancer is a leading
example in which environmental carcinogens in addition
to geographic and genetic factors appear to play major
etiologic roles”. Esophageal cancer occurs at very high
frequencies in certain parts of China, Iran, South Africa,
Uruguay, France, Italy and in some regions of India'".
The highest incidence of this cancer in India has been
reported from Assam in the North-east region where it is
the second leading cancer in men and third leading cancer
in women".

Tobacco smoking, betel quid chewing, and alcohol
consumption are the major known risk factors for
esophageal cancer!’. Tobacco smoke contains over 60
established carcinogens including polycyclic aromatic
hydrocarbons and nitrosamines. Tobacco specific
nitrosamines such as 4- (methyl nitrosamino)-1-butanone
(NNK) and N’-nitrosonornicotine (NNN) that are
carcinogens in smokeless tobacco, have been shown
to enhance the risk of cancer development by forming
adducts with DNA". Betel quid chewing, a common habit
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in Southeast Asia, has been found to increase the risk of
developing esophageal cancer by 4.7-13.3 fold, although
other exogenous risk factors may also be involved. Betel
quid usually comprises a piece of areca nut, which contains
many polyphenols and several alkaloids, Piper betle, and
lime with or without Piper betle leaves”. Arecoline, a major
component of areca nut can produce 3-methyl nitrosamine
propionitrile (MNPN), a potent carcinogen and safrole-
like DNA adducts that have been shown to be genotoxic
and mutagenic. Furthermore, contamination of areca
nuts by fungi has been reported to produce carcinogenic
aflatoxins. This assumes importance since using fermented
areca nut with any form of tobacco is a common habit of
people in Assam and has been reported to be a potential
risk factor of esophageal cancer in this region®.

The molecular mechanisms that may lead to the
development of esophageal cancer in betel quid chewers
and tobacco users are unknown. Recent studies are
focusing on mechanisms that can explain the carcinogenic
effects of tobacco and areca nut on epithelial cell lines.
Incubation of areca nut extract or arecoline with primary
oral keratinocytes has been reported to promote cell
survival and an inflammatory response by induction of
prostaglandin Ea, interleukin-6 (IL-6) and cyclooxygenase-2
(COX-2) production via activation of MEK1/ERK/c-Fos
pathway'”. Genotoxic stress as well as tissue inflammation
and release of inflammatory mediators have been suggested
to be key factors in carcinogenesis of gastrointestinal
system. Genotoxic chemicals may induce the release of
inflammatory mediators »iz mitogen activated protein
kinase (MAPK) activation. Phosphorylated ERK1/2, JNK,
p38 and ERKS5 are reported to be significantly increased
by exposure to tobacco smoke, indicating the activation of
MAPK pathways”. NNK has recently been identified as a
ligand of neuronal nicotinic acetylcholine receptors, which
belong to G-protein-coupled receptors (GPCRs). GPCR
induces proliferation through activation of members of
the family of MAPKs"™”,

The gene expression profile of esophageal cancer
in a high incidence region of Assam where tobacco use
and alcohol consumption are widespread and the users
of these two substances ate also betel quid chewers, has
so far not been investigated. In the current study, cDNA
microarray gene expression analysis was done to identify
the genes differentially expressed in esophageal cancer
associated with prevalent risk factors such as tobacco use
and betel quid chewing in a high-risk Indian population.

MATERIALS AND METHODS

Collection of tumor samples

Endoscopic tissue biopsy specimens were taken from 16
patients at Dr. Bhubaneshwar Borooah Cancer Institute
(BBCI), Guwahati, Assam. Routine histopathologic
analysis was done to confirm the diagnosis. Tumor tissue
and matched normal tissue distant to the tumor were
collected during endoscopy in RNA later (Ambion,
Austin, USA), snap-frozen in liquid nitrogen and stored
at -70°C until processed. Informed consent was obtained
from all patients. Data of clinicopathologic parameters

Normal pooled RNA
labeled by Cy-5

Tumor samples labeled
by Cy-3

‘61, 121, 81‘ ‘146,136, 76‘ ‘110, 125, 103‘ ‘55, 90, 127, 64 ‘ ‘73, 117, 111‘

‘GZ“GZ“GZ‘ ‘Gl‘
‘13008041 H13008047 H13008053 H 1312811 H13146417 ‘

Figure1 Experimental design: G1, G2 and G3 indicate well-differentiated,
moderately and poorly differentiated squamous cell carcinoma respectively.
13008041-53, 1312811 and 13146417 indicated barcode of microarray chips.

were obtained from patients’ clinical records, operative
notes and pathologic reports. Institutional Human Ethics
Committee approved the study.

Sample preparation and chip hybridization

Total RNA isolation: Tissues were ground into
powder in -196°C liquid nitrogen and homogenized using
Trizol reagent (Invitrogen Life Technologies, CA) for
extraction of total RNA following the instruction of the
manufacturer. The integrity of total RNA was checked
by 1.2% formaldehyde agarose gel electrophotesis (visual
presence of 28S and 18S bands). Total RNA with ODzso/
ODa2so > 1.8 was used for microarray experiments.

Experimental design: Total RNA was isolated from
normal tissue of the esophagus from all the patients
involved in this study and combined to make one common
control. We pooled total RNA from biopsy samples
of three to four patients in all five experiments on the
basis of matching the histological grade to get sufficient
amounts of total RNA for direct labeling. Pooled tumor
RNAs were labeled with Cy-3 and hybridized against
the Cy-5 labeled pooled samples of normal esophageal
RNA, which generated a constant control to be used on
chips analyzed. Figure 1 shows the study design. Sample
pooling was done to rapidly identify tumor markers that
were expressed by the majority of tumors in a population.
Pooling of RNA samples isolated from tissue is a strategy
that can be implemented in microarray experiments when
the amount of sample RNA is limited or when variations
across the samples must be reduced. The reason behind
this approach is that the concentration of an mRNA
molecule in a pooled sample is likely to be closer to the
average concentration for the class than the concentration
in a sample from a single individual. Pooled samples
have been shown to accurately reflect gene expression in
individual samples and yield reproducible data"*'",
Labeling and hybridization: Twenty ug of total RNA
from the tumor and matched normal tissue were labeled
with cyanine 3-dUTP and cyanine 5-dUTP by direct
labeling method (Perkin Elmer Life Sciences, USA:
Micromax Direct labeling kit). The labeled probes were
denatured at 95°C for 5 min and hybridized with a human
10K cDNA chip (University Health Network, Microarray
Centre, Toronto, Canada), which contains 9914 well-
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characterized human clones, in a hybridization chamber
(Corning Life Sciences, USA) at 65°C water bath for 18 h.
Before hybridization, slides were pre-hybridized in 5XSSC,
0.1% SDS and 1% BSA solution at 65°C for 45 min to
prevent nonspecific hybridization. After hybridization, the
slides were washed in 2XSSC with 0.1% SDS, 0.1X SSC
with 0.05% SDS and 0.1XSSC sequentially for 20 min each
and then spin-dried.

Microarray image analysis: Hybridized arrays were
scanned at 5 um resolution on a Gene Pix 4200A scanner
(Axon Instruments Inc. Foster City, CA) at various PMT
voltage settings to obtain maximal signal intensities with
< 0.1% probe saturation. The Cy5-labelled cDNAs were
scanned at 635 nm and the Cy3-labeled cDNA samples
were scanned at 532 nm. The resulting TIFF images
were analyzed by Gene Pix Pro 6.0.1.27 software (Axon
Instrument). Both digital images wete overlaid to form a
pseudo colored image and a detection method was then
used to determine the actual target region based on the
information from both red (Cy5) and green (Cy3) pixel
values. The ratios of the sample intensity to the reference
intensity (green: red) for all of the targets were determined
and ratio normalization was performed to normalize the
center of the ratio distribution to 1.0. Image processing
analysis was used for estimation of spot quality by
assigning a quality score to each ratio measurement .

Data analysis

Quality assurance: The data sets were imported into
Microsoft Excel spreadsheets. Four parameters were used
to assess quality of spots with the following features
excluded: diameter < 50 pum; > 50% saturated pixels in
both channels; < 54% of the pixels with an intensity
greater than the median background intensity plus one
standard deviation in either channel; flagged by Gene Pix
as “not found” or “absent” or manually flagged as “bad”
due to high background, misshapen features, scratches or
debtis on the slide undetected by Gene Pix",
Normalization: The results were normalized for labeling
and detection efficiencies of the two fluorescence dyes,
prior to determining differential gene expression between
tumor and normal tissue samples. Intensities of selected
spots were transformed into logz (Cy3/Cy5) and data were
normalized by locally weighted linear regression (LOWESS)
method. Genespring software version GX7.3.1 (Silicon
Genetics, Redwood, CA) was used to normalize values for
cach gene for data analysis.

Ranking of genes: Data analysis was performed using
Genespring Software GXV 7.3 (Silicon Genetics, Redwood
City, CA). Differentially regulated genes were ranked on
the basis of signal intensity, normalized ratio, flag value and
variance across replicate experiments. Top ranked genes
had a higher intensity, high-normalized ratio for up and
low for down, unflagged, very low variance or standard
deviation. Filtered genes identified to be differentially
expressed by 1.5 fold or greater in three of five chips were
analyzed for functional gene clusters using GeneSpring
software GXV 7.3. GeneSpring used data found publicly
in genomic databases to build gene ontology based on
annotation information. #testwas performed at the 0.05%
significant level to find genes that vary significantly across
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Patient Age Sex Tobacco/ Alcohol Betel nut Pathological
ID smoking habit use chewing grade
EC-61 55 M Yes Yes Yes G2
EC-64 45 M Yes Yes Yes G1
EC-55 52 M Yes Yes Yes G1
EC-103 59 M Yes Yes Yes G2
EC-111 55 M Yes Yes Yes G3
EC-90 50 M Yes Yes Yes G1
EC-117 60 M Yes No Yes G3
EC-73 50 M Yes No Yes G3
EC-125 71 M Yes No Yes G2
EC-110 70 M Yes Yes Yes G2
EC-146 45 M Yes No Yes G2
EC-136 48 M Yes Yes Yes G2
EC-127 58 M Yes Yes Yes Gl
EC-121 55 M Yes Yes Yes G2
EC-76 50 M Yes Yes Yes G2
EC-81 585 M Yes Yes Yes Gl

G1 = Well differentiated squamous cell carcinoma; G2= Moderately
differentiated squamous cell carcinoma; G3= Poorly differentiated squamous
cell carcinoma.

samples. P-Value or probability value is the chance of set
of genes involved in a particular function to be present in
any given gene list with reference to the number of genes
known to be involved in the function.

Hierarchical clustering: Average linkage hierarchical
clustering was done using the Cluster Software version
3.0 written by Michael Eisen"'?. The Euclidean distance
metric was used as a measure of similarity between the
gene expression patterns for each pair of samples based
on log-transformed ratios across all genes. The results
were analyzed and visualized with the Tree View Program
Version 1.50 also written by Michael Eisen. Those
genes showing progressive fold increases or decreases in
gene expression relative to normal mucosa were shown
proportionally in red and green, respectively.

Pathway prediction analysis: We obtained annotations
of the bioprocesses, molecular function and cellular
localization using the freely available Gene Ontology
and Source database!"”. The significant gene clusters
were queried with known components of the biological
pathways on the freely available KEGG database!®.
We also used the Biointerpreter software (http://www.
genotypic.co.in/biointerpretet) for gene ontology.

RESULTS

Sixteen esophageal biopsy samples were compared
with normal pooled esophageal tissue. All patients
were male and gave a history of tobacco consumption
and betel nut chewing (Table 1). Gene expression
was measured using microarrays to detect changes in
tumor samples compared to normal. Nine hundred
and twenty three genes were differentially expressed
at least 1 fold in 3 out of 5 experiments. Of these,
611 genes were upregulated and 312 genes were down
regulated. The scaled data generated from Gene Pix
Pro 6.0.1.27 software were imported into GeneSpring
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Figure 2 Hierarchical Clustering (Average Linkage Clustering) of the genes that
were over or under expressed in tumor versus normal tissue in the 16 ESCC
patients.

for fold change analysis, filtering, and cluster analysis.
Hierarchical Clustering analysis of 923 genes selected
from the 10 000-gene sets was performed (Figure 2).
To identify highly reproducible changes, data were
filtered based on select criteria. Transcripts modulated by
a minimum 1.5 fold in at least three of five chips were
used for further analyses. However, genes that had a =
1.5 fold cutoff value or had a P value of < 0.05 were
also included for analysis to seek for subtle changes in
gene expression. Using stringent criteria (P < 0.05 and
= 1.5 fold change), 127 differentially expressed genes
(87 upregulated and 40 down regulated) were identified
in tumor tissue. Using the Gene Ontology database, we
categorized the 923 differentially expressed genes into
known or probable functional categories. Genes involved
in dimethylallyltransferase activity and farnesyltransferase
activity (CTL.A4), cation antiporter activity (SL.C9.42) and
cation transporter activity (KCNN2, SLC30A4, KCNJ15,
CACNA2D3), G-protein coupled receptor (GPCR)
activity (GPR87, NPY), MAPK signaling pathway (FGF72),
and protein serine or threonine kinase activity (GRK4) were
significantly upregulated (Table 2). Out of 87 upregulated
genes, two genes were involved in GPCR group, five genes
were involved in cation transporter activity, one gene each
was involved in protein serine or threonine kinase activity
and MAPK activity. Genes involved in anti-apoptosis
activity (BIRCT), omega peptidase activity (UCHLT)
and cellular proliferation (EGR2) were also significantly
activated. Genes involved in structural constituent of
the ribosome (RPL32, RPS4X), structural constituent of
cytoskeleton (KRT77, KRTS, PL.A2G1B), cysteine protease
inhibitor activity (CSTB, CSTA), anti-oxidant activity
(PRDX6), acyl groups transferase activity (1TGM3), and

Category Genes % Genes  Genes % Genes P-value
in in in list in list
category category in category category
GO: 4930: 150 2.148 23 3.433 0.0156

G-protein coupled
receptor activity

GO: 8324: cation 307 4.396 39 5821  0.0404
transporter activity

GO: 4674: protein 285 4.081 38 5672  0.022
serine/threonine

kinase activity

GO: 4707: MAP 20 0.286 5 0.746  0.0368
kinase activity

GO: 4161: dime- 4 0.0573 3 0.448  0.00327
thylallyltransferase

activity

Category Genes % Genes Genes % Genes P-value

in in in list in in list
category category category category

GO: 3735: structural 115 1.647 32 4.992
constituent of

ribosome

GO: 4869: cysteine 27 0.387 11 1.716
protease inhibitor

activity

GO: 5200: structural 63 0.902 12 1.872  0.011
constituent of

cytoskeleton

GO: 16746: 90 1.289 19 2.964
transferase activity,

transferring acyl

groups

GO: 16209: 25 0.358 9 1.404
antioxidant activity

GO: 3746: translation 14 0.2 5 0.78
elongation factor

activity

5.54E-09

1.19E-05

0.000422

0.000232

0.00636

translation elongation (EEF7.A47) were significantly down-
regulated (Table 3). Genes involved in humoral immune
response (CD24) and base-excision repair (MPG) were
significantly down regulated. Out of 40 down regulated
genes, five genes were involved in structural constituent
of the ribosome, four genes were involved in structural
constituent of cytoskeleton, two genes were involved in
cysteine protease inhibitor activity and one gene each was
involved in anti-oxidant activity, acyl group transferase
activity and translation elongation.

DISCUSSION

Several tobacco constituents, including nitrosamines,
polycyclic aromatic hydrocarbons, aromatic amines,
various aldehydes and phenols, may be causally related to
esophageal cancer. A previous report has shown that
betel quid chewing with or without tobacco consumption
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is associated with the development of esophageal cancer
in Assam". However, there are very few studies of gene
expression profiles of tumors that may be associated with
betel quid chewing as well as tobacco consumption. The
current study was aimed to analyze genes and pathways
that may be involved in tobacco and betel quid chewing
related esophageal malignancies in this high incidence
region of India.

Gene expression levels showed that thete were four
different molecular functional pathways that were most
significantly upregulated and six different molecular
functional pathways that were most significantly down
regulated. Some of the significantly overexpressed
molecular functional pathways like MAPK signaling
pathway, G-protein coupled receptor and cation transporter
activity have catlier been reported in esophageal and other
cancers. However, genes such as CTL.A4 (involved in
dimethylallyltransferase activity and farnesyltransferase
activity) and UCHLT7, NPY, FGF12, KCNN2, and
KCNJ15 were found to be significantly upregulated in
our study and have not been reported earlier. Genes
involved in structural constituent of ribosome (RPL32,
RPS4X, RP1.74) and anti-oxidant activity (PRDX06) that
were found to be significantly down regulated in our
study, have also not been reported eatlier. Some of the
significantly down regulated molecular functional pathways
like structural constituent of cytoskeleton (KRT77, KRTS,
KRT4), acyl groups transferase activity (I'GM3) and
cysteine protease inhibitor activity (CSTB, CSTA), have
already been reported previously in esophageal carcinoma.
The data may be used for selection of a limited number of
markers that can be screened in large populations by RT-
PCR. All the genes identified here are of interest because
of their potential roles in the natural history of esophageal
squamous cell carcinoma.

The mitogen activated signaling cascade showed
significant up-regulation in our study. Activated MAPK
pathway has been detected in many human tumors
including carcinomas of the breast, colon, kidney, and lung
suggesting the possibility that MAPK may play a major
role in tumor progression and metastasis. MAPK induces
proteolytic enzymes that degrade the basement membrane,
enhance cell migration, initiate several pro-survival genes
and maintain growth'"”. Oxidants in cigarette smoke have
previously been reported to activate MAPK signaling
cascades in lung epithelial cells 7z vitro and in vive. These
signaling pathways lead to the enhanced ability of Jun
and Fos family members to activate transcription of a
number of AP-1 dependent target genes involved in
cell proliferation, differentiation, and inflammation"*.
Phosphorylated ERK 1/2, JNK, p38 and ERKS5 genes
were significantly increased upon exposure to tobacco
smoke, indicating the activation of MAPK pathways!”.
Benzo (a) pyrene quinines, which is the non-volatile
component of cigarette smoke, have also been reported to
increase cell proliferation, generate reactive oxygen species,
and transactivate the epidermal growth factor receptor in
breast epithelial cells"”.

TNE- alpha was found to be upregulated in out study.
Cigarette smoke is known to enhance the induction of
TNF-alpha by differentiated macrophage that is regulated
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primarily sz the ERK "2 pathway ™. TNF receptor super
family member 17 has been shown to specifically bind to
the TNF (ligand) super family member 13b (INFSF13B/
TALL-1/BAFF) , which leads to activation of NF-kappaB
and MAPKS8/JNK.

Neuropeptide Y (NPY), which belongs to G-protein
coupled receptor family, was found to be significantly
upregulated in our study. Aberrant NPY expressions are
early events in prostrate cancer development and are
associated with a poor prognosis”’. Activation of the Y1
receptor by NPY regulates the growth of prostate cancetr
cells. Estrogen upregulates NPY receptor expression in a
human breast cancer cell line™,

Ion channel regulating genes showed significant
upregulation in out study. Several tumors such as prostrate,
uterus, glial cells, stomach, pancreas, breast and colorectum
are known to express Ca’ activated K* channels. The
complex process of carcinogenesis is triggered by
oncogenic pathways via activation of K channels. For
example, p21 ras and the Raf kinase are known to induce
oncogenic transformation #a activation of Ca’" dependent
K" channels. Enhanced cell migration and tumor
metastasis are associated with fluctuations in the activity of
membrane transporters and ion channels that require K"
channel activity™”. Genes involved in calcium regulation
and calcium signaling also seemed to be important in the
progtession of esophageal squamous dysplasia™”.

The deleted in colorectal cancer (DCC) gene, which
was found to be upregulated in our study, is a candidate
tumor suppressor gene which may be associated with
differentiation and proliferation of normal cells. DCC
protein exptession seems to be a significant prognostic
factor in high-risk resected gastric cancer. This gene may
play a role in the metastatic potential of these tumors' .

Transglutaminase-3 (TGase-3) that showed significant
down regulation in our study has been reported in earlier
studies. TGase-3 has been implicated in the formation and
assembly of the cornified cell envelope of the epidermis,
hair follicle and perhaps other stratified squamous
epithelia. Alterated TGase-3 exptession is a common
event in human esophageal cancer™. The lowest levels
of TGases 3 and 7 have been reported in patients with
metastatic disease™. Tissue transglutaminase (tTG) is
a high level phenotypic biomarker down regulated in
prostate cancer”’

Intermediate filaments form the cytoskeleton of cells
and maintain the integrity of cells. Keratins (KRT4 and
KRTS8) showed significant down regulation in our study.
Overexpression of epithelial cell intermediate filaments
and their isoforms (KRT8) have been reported eatlier in
colorectal polyp and cancer™.

Reduced expression of cystatin B as found in our study,
has earlier been reported to be associated with lymph node
metastasis and may therefore prove to be a useful matker
for predicting the biologic aggressiveness of esophageal
cancer™. Overexpression of cystatin A has been shown
to inhibit tumor cell growth, angiogenesis, invasion, and
metastasis in esophageal cancer™”. High levels of cystatin
A and cystatin B have been reported to correlate with
more favorable patient outcome in breast, lung and head
and neck tumors.
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A group of ribosomal proteins may function as
cell cycle checkpoints and compose a new family of
cell proliferation regulators. They play an important
role in translational regulation and control of cellular
transformation, tumor growth, aggressiveness and
metastasis. Thus in addition to protein synthesis, they are
involved in neoplastic transformation of cells. Ribosomal
proteins were found to be significantly down regulated
in our study. Expression of human ribosomal protein
L13a has been shown to induce apoptosis, presumably by
arresting cell growth in the G2/M phase of the cell cycle.
In addition, a closely related ribosomal protein, L7, arrests
cells in G1 and also induces apoptosis'”. Mitochondrial
ribosomal protein L41 suppresses cell growth in
association with p53 and p27Kipl. MRPI 47 is reported
to be either expressed at reduced levels or absent in most
tumor types and cell lines”". Human apurinic apyrimidinic
endonuclease (RPLPO0) and its N terminal truncated
form (AN34) are involved in DNA fragmentation during
apoptosis. Down regulation of RPLPO expression
is associated with the induction of apoptosis in
differentiating myeloid leukemia cells””. Simultaneously,
three ribosomal proteins (RPL10, RPL32, and RPS16)
also showed up-regulation in C81 cells. Overexpression
of several ribosomal proteins including RPS16 has been
reported in colon, breast, liver, and pancreatic tumors”

This is the first study to provide gene expression
profiles of esophageal cancer in a high-risk region of
Assam in India. The most salient finding was identification
of down regulated genes involved in structural constituents
of ribosome and upregulated genes involved in cation
transporter activity. In a similar study of gene expression
profiles in a high-risk area of China, Taylor ef al'™ and Liu
et al” have reported down regulation of CSTB, CSTA,
KRT4, and TGM3 and upregulation of G-coupled
signaling, ion transport activity and MAPK activity™. In
a recent study from a low risk area of India, deregulation
of genes associated with zinc homeostasis in esophageal
squamous cell carcinoma (ESCC) has been reported™”,
These data indicate the consistency of molecular profiles
of esophageal cancer in two different geographic locations
that have a high incidence of ESCC but different food
habits and customs.
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