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Abstract

AIM: To characterize the gene expression profiles in different
stages of carcinogenesis of esophageal epithelium.

METHODS: A microarray containing 588 cancer related
genes was employed to study the gene expression profile
at different stages of esophageal squamous cell carcinoma
including basal cell hyperplasia, high-grade dysplasia,
carcinoma in situ, early and late cancer. Principle component
analysis was performed to search the genes which were
important in carcinogenesis.

RESULTS: More than 100 genes were up or down regulated
in esophageal epithelial cells during the stages of basal cell
hyperplasia, high-grade dysplasia, carcinoma in situ, early
and late cancer. Principle component analysis identified a
set of genes which may play important roles in the tumor
development. Comparison of expression profiles between
these stages showed that some genes, such as P160ROCK,
JNK2, were activated and may play an important role in
early stages of carcinogenesis.

CONCLUSION: These findings provided an esophageal
cancer-specific and stage-specific expression profiles,
showing that complex alterations of gene expression underlie
the development of malignant phenotype of esophageal
cancer cells.
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INTRODUCTION

Cancer development isacomplex multi-step process, involving
various genetic and epigenetic changes. Progress of phenotypes
from normal to advanced carcinoma is controlled by a
transcriptiona hierarchy that coordinatesthe action of hundreds

of genes. Conventional approachesinvestigating one or severa
candidate genes at a time can not show the whole story of
carcinogenesis. The generation of vast amounts of DNA
sequence information, coupled with advances in technologies
developed for the experimental use of such information, allows
the description of biological processes from a view of global
genetic perspective. One such technology, DNA microarray,
permits simultaneous monitoring of thousands of genes*?.
Fuller et al™® and Sgroi et al'® have used this new techniquein
analyzing gene expression profiles in human glioblastoma,
human breast cancer and matched normal tissues. However,
little isknown about the exact expression changesin each stage
of tumorigenesis, which will help usidentify the exact series
of eventsthat leadsto the initiation and progression of cancer
development.

In this study, esophageal cancer was chosen as amodel to
analyze the changes of expression profilesin different stages
of carcinogenesis. By using microarray membranes, expression
of 588 known cellular genes were profiled in normal
esophageal tissues, basal cell hyperplasia, high-grade dysplasia,
carcinoma in situ, early and advanced cancer. Our results
revealed some genes differently expressed in a certain stage,
and some kept up or down regulated in all stagestoward cancer.

MATERIALS AND METHODS

Biopsy specimens and primary esophageal cancer tissues
Biopsy specimens were collected from the individuals who
were more than 35 years old, underwent endoscopy
examination in ascreening for early cases of esophageal cancer
in Henan province in North China, where has the highest
incidence rate of this fatal cancer in the world. Agreements
have been obtained from all individuals informed consents
issued. In each case, 4 piecesof tissueswith the size of 0.01 cm?®
were separately removed from the mucosa, two of them were
instantly frozen and kept in liquid nitrogen until use, and the
other two underwent pathologic diagnosis according to the
criteria of Riddell and associates. Specimens of normal
esophagus, basal cell hyperplasia, high-grade dysplasia,
carcinomain situ, and early carcinoma were obtained in this
study. Every tissue specimen was mostly composed of normal
or abnormal epithelia cells.

Cancer and adjacent almost normd tissueswith size of about
0.5 cm*were collected from patients with primary esophageal
cancer in Cancer Hospital of the Chinese Academy of Medical
Sciences after informed consent was obtained. Fresh samples
were dissected manually to remove mixed connective tissue
and stored in liquid nitrogen. Pathological diagnosis showed
that the cancers were from squamous cell at medium to high
grade differentiation, the matched aimost normal mucosa did
not show any invasion of cancer cells.

Human cancer cDNA expression array

Human cancer cDNA expression array membrane was purchased
from Clontech LaboratoriesInc. (Palo Alto, CA), each membrane
contains of 588 well characterized genes along with 9
housekeeping genes as internal control. During this study,
membranesof the samel ot were used to ensurethe reproducibility.
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RNA extraction represent the expression profiles of k genes. Thet th element of

The biopsy specimens of the same histological diagnosiswere
pooled and the total RNA of different kinds of samples was
extracted with Micro RNA isolation kit (Stratagene, La Jolla,
CA). Before labeling, 5 ng total RNA of each type wastreated
with 2 nl DNase | (10 unit/ml, Boehringer Mannheim,
Mannheim, Germany), 1 m RNasin (40 units/m, Promega) at
37 °C for 15 min to remove contaminated DNA.

Hybridization and exposure

Following the recommendation of the manufacturer, 3?P-
labelled cDNA probeswere generated by reverse transcription
from 5 ng of RNA sample in the presence of [a-*2P]dATP
(3 000 ci/mmol, Du Pont). Each cDNA probe was then
hybridized to amembrane at 65 ‘C overnight. The membranes
were washed twice in 2xSSC, 0.5 % SDS at 65°C for 30
minutes, then twice in 0.2xSSC, 0.5 % SDS at 65°C for 30
minutes, then exposed to X-ray film at -80 “C for 2-3 days.

Hybridization pattern analysis

Images of individual autoradiography for each stage of
carcinogenesis were digitalized by Fluor-S™ Multilmager
System (Bio-Rad Laboratories, Inc.) The hybridization pattern
of arrayswas analyzed and compared using Atlasimage™ 1.01
software (Clontech). To normalize therelative gene expression,
beta-actin and a pha tubulin were used asinternal references
whose expression level was found stable in different
developmental stagesin our study. These geneswere preferred
also because they are conventionally used asinternal references
for measuring gene expression levelsin Northern blot, RNase
protection and semi-quantitative RT-PCR.

Confirmation by semi-quantitative RT-PCR analysis

To validate the expression pattern identified on the expression
arrays, 5 geneswere randomly picked and semi-quantitative RT-
PCR was performed to confirm their differential expressionwith
cDNA template from esophageal cancer and adjacent almost
normal tissues. First strand cDNA was synthesized from 5 ng
RNase-free DNase treated total RNA using the Superscript™
Preamplification system for First Strand cDNA Synthesis(Life
Technologies, Inc) as described by the manufacturer. An aliquot
of 1/20 of thereverse transcribed product was used astemplate
in the following PCR amplification. Reactions undergonein 25
m total volume containing 1xPCR buffer, 1.5 mmol/L MgCl,,
200 mmol/L dNTPs, 1.5 u Tag Polymerase (Life Technologies,
Inc) and 40 mmol/L gene specific primers under the conditions:
94 °C 5 min, followed by 25-28 cycles each of 94 "C 20 sec, 58
C 30 sec, 72 C 1 min. Amplification of beta actin with same
aliquot of cDNA template was used as internal reference to
determine the relative gene expression.

Gene specific primers. Rho8 5’ -GGACACTTCGGGTT-
CTCCTTAC-3 ,5 -TGTGGCTCTCTGTGATTTGTTC-3';
IL-1 beta5' -GCAGAAAGGGAACAGAAAGGTT-3',5 -
AAGGAGGCACACCAGTCCAAAT-3'; Interleukin 1
receptor antagonist 5’ -ACTCTCCTCCTCTTCCTGTTCC-3',
5 -GCTTGTCCTGCTTTCTGTTCTC-3' ; Cytokeratin4 5’ -
GGGAACAAAAGCATCTCCAT-3', 5'-
ATCTCAGGGTCAATCTCCAC-3'; Wnt-13 5’ -
GCCAAAGTTAGATGGGACAAAG-3', 5 -
TTGAACAGGCAGCAAGTAAGC-3' .

Principle component analysis

A principle component analysiswas used to explain thevariance-

covariance gructure of the gene expressionsin 6 stages of tumor

development. The purpose of principle component analysisis

data reduction, and interpretation through a few linear

combinations of the original variables (gene expressions)®.
Principle component analysis starts with k variables which

thej variable correspondsto the expression level of thej th gene
in the t stage of the tumor development. Principle component
analysis intends to replace the k variables by p principle
componentswhere p issmaller than k, while minimizing loss of
information. The principle component is alinear combination
of the variables X, X,, ..., Xxand can be constructed by the
eigenvector g (i=1,2,..k) of the covariance matrix V of the
variables x;, X, ..., X, Where the eigenvector g of thematrix Vis
defined as any vector satisfying the equationVe=1;g. and |; is
called the corresponding eigenvalue associated with the
eigenvector e. The elements of the eigenvector measure the
importance (loading score) of the genes to the principle
component and the eigenvalue measures the variance of the
corresponding principle component explaining variations of
expressions of alinear combination of genes represented by the
principle component. The first principle component with the
largest eigenvalue hasthe largest variance, the second principle
component with the second largest eigenval ue has the second
largest variance and so on. It can be shown that |;is equal to the
variance of thei th principle component.

Although k variables are required to reproduce the total
system variability, often much of this variability can be
accounted for by asmall number of principle componentswith
larger eigenvalues (variances) which explain large proportions
of variations of gene expressions underlying some biological
processes. Principle component analysis was used to identify
aset of geneswhich may contribute to the tumor development.

RESULTS

Expression pattern of 588 known genes in progression of
carcinoma
High quality total RNA was isolated from biopsy specimens.
The RNA wasreverse-transcribed into *P-labeled cDNA probe
and hybridized to Atlas™ Human Cancer cDNA expression
array to profile the expression of 588 known genes. The
hybridization patterns were imaged by the Fluor-S™
Multilmage System and analyzed by Atlasimage™ 1.01
software. Genes with adjusted intensity difference >20 000 or
ratio>2 between two stages were supposed to be regulated
differentially. Figure 1 showed the cDNA array images along
with color chartsindicating up-regulated geneswith red, down-
regulated ones with blue, and non-changed with green.
There were more than 100 genes up or down regulated
substantially in every abnorma stage when compared to human
normal mucosa. In stage of basal cell hyperplasiall, therewere
122 genes up regulated and 17 down regulated; in stage of
high grade dysplasia, there were 134 genes up regulated and
33 down regulated; in stage of squamous cell carcinomain
Situ, there were 114 genes up regulated and 10 down regul ated;
in stage of early cancer, there were 169 genes up regulated
and 13 down regulated; In stage of late cancer, there were 77
genes up regulated and 60 down regulated. As shown in the
color charts of Figure 1 the types aswell as expression level of
genes are different among each stage.

Validation of Array Data with RT-PCR

To further investigate the reliability of our array data, we
randomly picked 5 differentially expressed genesand measured
the expression of the genesin the paired cancer and adjacent
almost normal tissues using RT-PCR. Figure 2 showed that
the different expression pattern of each of the five genes as
determined by RT-PCR were similar to those observed with
cDNA array in more than half of 12 pairs of matched tissues
(squamous esophageal cancer and matched adjacent almost
normal tissue), confirming the reliability of our array data. Our
observed correlation between the cDNA array and RT-PCR
are consistent with that observed by othergs7.
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Figure 1 Expression patterns of genes in esophageal tissue of normal, basal cell hyperplasia, high-grade dysplasia, carcinoma in
situ, early and advanced cancer. Total RNAs were isolated from these tissues, reverse-transcribed into *P-labeled cDNAs and
hybridized to Atlas™ Human Cancer cDNA expression arrays. A complete list of names and location of the arrayed gene can be
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found in the instruction manual and website from Clontech. Data was analyzed by Atlasimage™ 1.01 software. A,B,C,D,E,F
showed hybridization result of normal cells, basal cell hyperplasia, high-grade dysplasia, carcinoma in situ, early and advanced
cancer; G, H, I, J, K showed the color charts indicating up-regulated genes with red, down-regulated genes with blue, and non-
changed genes with green in the later 5 stages when compared to normal tissue; L, M, N, O, P showed the pathological image of
normal, basal cell hyperplasia, high-grade dysplasia, carcinoma in situ, early and advanced cancer respectively.
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Figure 2 Validation of array data with RT-PCR: Rho8, Wnt 13, IL-1 beta, IL-1 receptor antagonist and cytokeratin 4 were chosen
to further investigate the reliability of the array data using RT-PCR. The figures showed part of the RT-PCR results of five genes
in cancer (designated T) and matched almost normal tissues(designated N). P means positive control.

Principle component analysis Identified a set of genes which
may play Important roles in cancer development

Principle component analysis showed that there were 5
principle components in the 6 stages of cancer devel opment.
The three principle components with eigenvalues 233.52,
121.59 and 101.34 respectively, accounted 92 % of total
variations of gene expressionsin 6 stages. Table 1 showed a
set of genes with largest loading score (negative or positive)
in thefirst three principle componentsin the ascending order.
The loading scores are highly correlated with the expression
level of genes. In Table 1 we dso listed the ratio of the gene
expressions in the corresponding stages of the tumor
development. From Table 1 we can see that the first principle
component roughly describes the changes of the gene
expression level inthefirst and last stage of tumor development.
Nine genes in the upper of the table were up-regulated in the
stages of basal cell hyperplasia and early cancer, meanwhile
seven genes in the bottom of the table were down-regulated in
these stages. Genes GAF, CAPR, CASP8, BMP5, MIF and
MY C may play important rolesin the esophagustumorigenesis.
GAF (Glia-activating factor) isanovel heparin-binding growth
factor purified from the culture supernatant of ahuman glioma
cell line with growth-stimulating effect on glia cellsin vitro.
GAF domains are ubiquitous motifs present in cyclic GMP
(cGMP)-regulated cyclic nucleotide phosphodiesterases and
form anew class of cyclic nucleotide receptors distinct from
the regulatory domains of cyclic nucleotide-regulated protein

kinases and ion channelsl®, the role of GAF in tumor
development has not been characterized yet; CAPR iscadherin-
associated protein related, also named as alpha 2 catenin, the
abnormal expression of adhesion molecul es (E-cadherin, alpha-
catenin) has been reported as markers of high malignant
potential in esophageal cancerl, and it was suggested that alpha
catenin has prognostic significance in colorectal and prostate
cancer®; The human CASP8 gene, whose product is also well
known as caspase 8, encodes an interleukin-1beta converting
enzyme (ICE)-related cysteine protease that is activated by
the engagement of several different death receptors. Caspase
8 is a cysteine protease regulated in both a death-receptor-
dependent and -independent manner during apoptosis, it iswell
characterized in apoptosis and tumor development!*y; BM P5
(Bone morphogenetic protein-5) isa signaling molecule which
have the ability to induce ecotopic bone when placed under
the skin of an animal*2; MIF (macrophage migration inhibitory
factor) is involved in tumorigenesis via promotion of
angiogenesid®, it is an ubiquitary cytokine whose expression
has been investigated in tumors, showing a correlation between
tumor aggressiveness and production of this protein by
neoplastic cells. MIF is known to function as a cytokine,
hormone, and glucocorticoid-induced immunoregulator, it is
likely that MIF may function as a novel growth factor that
stimulates incessant growth and invasion of melanoma
concomitant with neovascularization; Myc is awell known
oncogene which wasinvolved in most of tumorigenesis, and
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obviously it plays an important role in esophageal cancer
development.

The second component involves three stages of the tumor
development: basel cell hyperplasia, dysplasia and carcinoma
in situ. Table 1 listed nine genes which were up-regulated and
eight genes which were down-regulated in the stages of basel
cell hyperplasiaand dysplasia. The third principle component
reflectsthe changes of the gene expression level inthetrangition
from normal to basel cell hyperplasia and from basel cell
hyperplasiato dysplasia. The table listed genes may play an
important role in these transitions.

Table 1A Ratio of expression level for a set of genes with the
largest loading scores in the first two principal components

Component 1 Component 2

Gene Ratio Ratio Gene Ratio Ratio
ELCA/LaCa BCH/N BCH/N  DYS/CAIN
GAF 131 16 PCTK1 122 8
CAPR 582 25 DAXX 5 95
CASP8 743 37 P70 7 62
MMp16 143 17 CCNH 174 87
DCC Precursor 316 12 CD153 antigen 70 31
Tenascin-R 742 21 TLAA 9 39
ZAPT70 157 83 XPG 90 26
1L-13 110 22 Apoptosis 3 107
Inhibitor Survivin
TRAIL receptor 66 82 Bcl-1 oncogene 122 19
LaCa/ELCA N/BCH N/BCH CAIN/DYS
BMP5 284 170 MERLIN 3 411
MIF 79 72 LERK-8 31 334
N-myc 14 110 DSG2; HDGC 355 395
RPSA 19 68 MMP11 2 271
RBL2 33 18 CDK2 13 51
RAD52 27 9 CLK1 60 798
RBQ1 15 55 MDMX 3 225

N: Normal; BCH: Basel cell hyperplasia; DYS: Dysplasia; CAIN:
Carcinoma in situ; ELCA: Early cancer; LaCa: Late cancer.

Table 1B Ratio of expression level for a set of genes with the
largest loading scores in the third principal components

Gene Ratio Ratio
N/BCH DYS/BCH
Bcl-2L8 803 227
SRC1 333 141
Muscle cadherin precursor 299 111
Neurogenic locus notch protein 488 104
CASP3 232 92
BCL2A1;GRS protein 133 665
Type 1 cytoskeletal 10 protein 302 370
TRAFS5 83 650
Transcription factor E2F5 615 30
MAP kinase p38 147 86
BCH/N BCH/DYS
KRT7 2 105
GRB-IR 5 96
GAS1 4 210
BMP8 21 21
DVL 12 187
CAM-PDE1B 18 18
Apotosis regulator bcl-2 60 59

N: Normal; BCH: Basel cell hyperplasia; DYS: Dysplasia.

Table 2 Genes up or down regulated in all five stages of grade
Il basal cell hyperplasia, high-grade dysplasia, carcinoma in
situ, early and advanced squamous cell carcinoma. Position
indicates the gene position on the microarray membrane

Position Gene Name

Up Regulated Genes

A2k G1/S-specific cyclin C

Adi ERKS5

Adj ERK6

A5b ERK activator kinase 1

A5l transcription factor DP2

B3g caspase-8 precursor

B3i caspase-9 precursor

B3j caspase-10 precursor (CASP10)

Cla DNA-dependent protein kinase

C2c DNA-repair protein XRCC1

C2j RAD1

C4b Wnt-5A

C4k DVL1

Cém CCK4

C7k retinoic acid receptor epsilon

C71 retinoic acid receptor gamma 1

C7m retinoic acid receptor beta

D4b integrin alpha 8

D4j integrin beta 7 precursor

D4k integrin beta 8 precursor

D5g ezrin; cytovillin 2; villin 2

D5j CD56 antigen

D7f placenta growth factor 1

E1f MMP9

E2a MMP18

F3j early growth response protein 1

F4l IL-6

F5e IL-13

F5k interferon gamma precursor

F51 leukocyte interferon-inducible peptide

Down regulated Genes

C6c insulin-like growth factor binding protein 2 (IGFBP2)

Fad interleukin-1 receptor antagonist protein precursor
(IL-1RA; IRAP)

Some genes are activated in particular stages

According to their specificity to stages, differentially expressed
genesfall into two main categories. The first category contains
genes that are up or down regulated in the ssme way in all 4
abnormal stages. 77 genes belong to this category, including
G1/S-specific cyclin C, proliferating cyclic nuclear antigen
(PCNA), E2F dimerization partner 2, Wnt5A, retinoic acid
receptors (epsilon, gamma 1, beta), early growth response
protein 1 (hEGR1Y), etc. Part of these genesarelisted in Table
2. Most of which are genes related to cell proliferation or
differentiation. These expression profiles are accordant with
the generality of characteristic phenotype of all of the 4
abnormal stages, i.e. decrease in extent of differentiation and
increasein rate of proliferation.

The second category contains genes that were up or down
regulated in particular stages, some of them seemed to be
activated in early stages of carcinogenesis, p160ROCK isone
of such genes. Figure 3 showed the expression level of
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p160ROCK in 5 stages. P160 ROCK peaked its expression
level in the stage of high grade dysplasia, down-regulated
rapidly after this stage, recovered its expression level in early
and late cancer, which revealed that this gene was
transcriptionally activated at pre-cancerous stage.
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Figure 3 Expression level of p160ROCK (3A) and JNK2 (3B) in
6 different stages, p160ROCK peaked its expression at stage of
high-grade dysplasia and JNK2 peaked its expression at stage
of carcinoma in situ. The column chart indicated expression
levels of p160ROCK and JNK2 in stages of normal mucosa
(designated normal), basal cell hyperplasia Il (designated
BCH), high grade dysplasia (designated Dys), squamous cell
carcinoma in situ (designated CAIN), early cancer (designated
ELCA) and late cancer (designated LaCa).

p160ROCK belongsto afamily of Rho-associated serine/
threonine kinase isozymes and has been identified as a new
class of Rho effectors. Its main function is participating the
reorganization of the cytoskeletal, and plays an important role
in signal transduction from Rho to cytoskeletal!*! and also get
involved in cell motility and morphological changes™. In
human hepatocellular carcinoma cells, dominant active
p160ROCK transfectants showed increased motility, and
dominant negative p160ROCK transfectants showed reduced
motility under stimulation. Furthermore, implantation of
dominant negative p160ROCK transfectants resulted in a
reduced metastatic rate in vivo compared with the parent cells
or acontrol transfectant!*®. In this study, p160ROCK wasfound
transcriptionally activated at the stage of high grade dysplasia,
apre-malignant stage, which imply that activation of the gene
may be one of the early events during progress of esophageal
carcinogenesis and may be one of the events responsible for
morphological changes and increase in cell motility in early
stages of carcinogenesis.

JINK?2 is another representative gene which peaked its
expression level in the stage of carcinomain situ. ltsexpression
levelsin the 5 stages were shown in Figure 3. INK2, ¢-Jun N-
terminal kinase 2, also named as protein kinase mitogen-
activated 9, is a proline-directed serine/threonine kinase
activated by dual phosphorylation on threonine and tyrosine
residues in response to awide array of extracellular stimuli.
Multiple research showed that INK2 plays a critical role in
coordinating the cellular response to stress and has been

implicated in regulating cell growth and transformation,
antisense JNK 2 induced growth inhibition which correlated
with significant apoptosig”. It was shown that INK 2 plays an
important role in cell transformation and carcinogenesis. In
this study, INK2 was found activated at stage of carcinomain
situ, and down regulated in early and late cancer, which showed
that this may also be an early events of carcinogenesisand one
of theforcespushing thecell from pre-maignancy to malignancy.

DISCUSSION

Tumorigenesisisacomplex and multistage processwith many
genes involved in. As a step toward understanding the
complicated changes between normal and malignant cells, this
report focused on gene expression profile variations among
normal and abnormal esophageal epithelium tissues. Analyzing
alterations of gene expression profilesin different stages of
neoplasia is necessary for establishing the preventive,
diagnostic, therapeutic, and prognostic potential of each related
gene. To illustrate the mechanisms controlling malignant
changesat molecular level may provideafurther understanding
of tumorigenesis, aswell as new approachesin early detection
and treatment of esophageal cancer. Furthermore, sinceit is
impossible to get tissue samples of different stages from one
patient, we got the biopsy specimens from different patients
and pooled the samples with same pathologic diagnosis
together to avoid the individual differences, and semi-
guantitative RT-PCR was performed to confirm the reliability
of the data. Moreover, we observed that many genes expressed
abnormally in this complicated process and those changes
mainly involved in cell proliferation, apoptosis, DNA repair,
growth factors and cytokines. These genesand their expression
alteration constitute a molecular atlasthat is stage-specific and
esophageal cancer-specific, and possibly being an important
supplement to the traditional morphological diagnosis.

Principle component analysisidentified a set of geneswhich
playsimportant role in different stages of tumor development.
Although many genes were related to tumorigenesis and
development of esophageal cancer, further investigation is still
needed to elucidate which gene (s) isthe most critical one (s)
to this complex process.
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