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Abstract

To test the efficacy of combined high-throughput analyses (HTA) in target gene identification, screening criteria were set using
>fivefold difference by microarray and statistically significant changes (p < 0.01) in SAGE and EST. Microarray analysis of two nor-
mal and seven breast cancer samples found 129 genes with >fivefold changes. Further SAGE and EST analyses of these genes iden-
tified four qualified genes, ERBB2, GATA3, AGR2, and ANXA1. Their expression pattern was validated by RT-PCR in both
breast cell lines and tissue samples. Loss of ANXA1 in breast cancer was further confirmed at mRNA level by Human Breast Cancer
Tissue Profiling Array and at protein level by immunohistochemical staining. This study demonstrated that combined HTA effec-
tively narrowed the number of genes for further study, while retaining the sensitivity in identifying biologically important genes such
as ERBB2 and ANXA1. A distinctive loss of ANXA1 in breast cancer suggests its involvement in maintaining normal breast
biology.
� 2004 Elsevier Inc. All rights reserved.
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High-throughput gene expression analyses are impor-
tant in characterizing global gene expression and have
emerged as major tools for studying functional genomics
of cancer [1]. Multiple bioinformatic infrastructures have
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been established to compile data from HTA. For exam-
ple, the Cancer Genome Anatomy Project (CGAP) is a
collaborative network to decipher genetic changes that
occur during cancer formation and progression [2,3].
CGAP generates and disseminates genomic data on nor-
mal, pre-cancerous, and malignant processes. Since the
results collected in CGAP come from established labora-
tories and represent a pool of similar studies, analysis of
these accumulated data is similar to the meta-analysis.
Multiple data query tools are available in the CGAP
database, categorized in Genes, Tissues, Pathways,
RNAi, Chromosomes, SAGE Genie, and Tools. For
example, through Gene Finder under Gene, information
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about a specific gene can be browsed using a gene sym-
bol, accession number, or keyword. Tissue-specific gene
expression patterns can be found using Virtual Northern

(vNorthern), which includes the data from both serial
analyses of gene expression (SAGE) and expressed se-
quence tag (EST) analyses. Previous applications of data
mining using CGAP resource have led to the identifica-
tion of several novel or known cancer-related genes [4–
7]. The CGAP gene index was also used to build the
cDNA microarray for cancer classification [8].

A major challenge for high-throughput technologies
is data analysis rather than data production [9,10]. Each
of the three different high-throughput technologies,
SAGE, EST, and microarray, possesses a different sensi-
tivity and/or specificity in detecting specific expression
variations. This often becomes more complicated con-
sidering the heterogeneity in samples, pathologies, and
experimental methodologies. These factors may affect
the outcome of individual gene analysis by a single
method, although the genes consistently detected by
multiple reliable methodologies are likely to reflect the
underlying pathology. The accuracy of detecting distinct
patterns of gene expression in cancer will be improved as
more data are compiled in CGAP. It is possible that the
findings of multiple HTA are complementary; thus, a
combination of these methods may enhance the likeli-
hood of identifying biologically important genes.

In this study, we explored the possibility of adding
SAGE and EST database searches to simplify micro-
array analysis for identifying and validating important
genes. Microarray was performed to screen for differen-
tially expressed genes in normal and breast cancer spec-
imens from patients. The identified differentially
expressed genes were analyzed in conjunction with the
bioinformatics of SAGE and EST. The candidate genes
were selected by the presence of a minimal fivefold
change in microarray analysis and statistically significant
changes (p < 0.01) in bioinformatic SAGE and EST
analyses. Only the markedly differentially expressed
genes identified by all three methodologies were further
analyzed. Of the four genes identified, annexin A1
(ANXA1) expression was found to be consistently lower
or absent in breast cancer tissue. The loss of ANXA1 was
further validated by real-time RT-PCR in both breast
cancer cell lines and breast cancer specimens, breast can-
cer tissue profiling arrays consisting of 30 paired breast
cancer specimens and their normal counterparts, and
immunohistochemical staining of 10 samples each of
normal and different stages of breast lesions, including
hyperplasia, and in situ and invasive tumors.
Materials and methods

Sample collection and RNA extraction. Human breast tissues were
collected according to NIH guidelines, and by protocols approved by
the UCLA Institutional Review Board. Fresh surgical samples of
breast cancer and normal breast tissues were grossly dissected to re-
move as much fat tissues as possible and then stored in liquid nitrogen.
TriZol (Invitrogen, Carlsbad, CA) was used for total RNA extraction
according to the manufacturer�s instructions. RNA quality was
examined by formaldehyde-denatured agarose gel electrophoresis and
OD 260/280 ratio, and then quantified based on its OD260 reading by
a DU 640B spectrophotometry (Beckman Coulter, Fullerton, CA).

Microarray analysis of human breast cancer. Seven breast cancer
(two invasive ductal carcinomas, three ductal carcinoma in situ, and
two invasive lobular carcinomas) and two normal breast tissue samples
were used for microarray analysis. Ten micrograms of total RNA was
used to synthesize double-stranded cDNA using the Superscript
Choice System (Invitrogen, Carlsbad, CA). The double-stranded
cDNA was purified using Phase Lock Gel (Pharmacia) and employed
for synthesis of biotin-labeled anti-sense cRNA using the BioArray
High Yield RNA Transcript Labeling Kit (Enzo Diagnostics, Farm-
ingdale, NY). Labeled cRNA was fragmented, hybridized, and scan-
ned as described in the Affymetrix GeneChip protocol (Affymetrix,
Santa Clara, CA). The Affymetrix U95A array containing about
12,500 known human genes was used. Expression profiles were ana-
lyzed using GeneChip Analysis Suite 5.0 (Affymetrix, Santa Clara,
CA). Only relative changes in gene expression equal to or greater than
fivefold were further screened by bioinformatic SAGE and EST
analyses. The hierarchical clustering of these genes was performed
using the Cluster program and visualized with the TreeView program
[11].

Virtual Northern analysis of gene expression. Virtual Northern

analysis enables researchers to view information about the expression
of a specific gene in all EST cDNA and SAGE libraries in the CGAP
database [2,3,12]. Through Gene Finder at http://cgap.nci.nih.gov/
Genes/GeneFinder, a multitude of organized information about a
particular gene can be found by querying either the unique gene
identifier or keyword. Included in the available information is the EST
and SAGE vNorthern expression pattern across all the available li-
braries classified according to their tissue origins. The p values repre-
senting the statistical significance for both bioinformatic SAGE and
EST are in the CGAP database, and their calculations have been
previously described [13].

Real-time quantitative RT-PCR analysis. An independent panel of
nine paired breast cancer tissue samples, different from those used in
the microarray, was subjected to real-time RT-PCR analysis. The
samples included five invasive ductal carcinomas, two invasive lob-
ular carcinomas, and one each of DCIS and invasive mucinous car-
cinoma. Eight breast-derived cell lines including six breast cancer cell
lines BT474, MCF-7, MDA-MB231, SKBR3, T47D, and ZR75 and
two benign breast cell lines HBL100 and MCF-10A were also used in
the study. Reverse transcription was performed using SuperScript II
RNase H� reverse transcriptase (Invitrogen, Carlsbad, CA) according
to the manufacturer�s instructions. One microliter of cDNA was
subjected to real-time RT-PCR amplification, using the QuantiTect
SYBR Green PCR kit (Qiagen, Valencia, CA) in an iCycler IQ real-
time PCR detection system (Bio-Rad Laboratory, Hercules, CA). All
the primers for PCR were designed based on GenBank sequences
with a web-based program, Primer3 (www-genome.wi.mit.edu/cgi-bin/
primer/primer3_www.cgi). Primer sequence information is listed in
Table 1. A-20 ll reaction contained 0.3 lM of each of the primers,
0.5 ll cDNA, and 1· QuantiTect SYBR Green PCR mix. The fol-
lowing PCR amplification program was used: initial DNA denatur-
ation and HotStarTaq activation at 95 �C for 15 min; 45 PCR cycles
at 94 �C for 20 s, 65 �C for 30 s, and 72 �C for 20 s; data acquisition
was set at the chain extension step; and melting curve analysis was
performed between 55 and 95 �C, with 0.5 �C-increments. All data
were analyzed using the iCycler IQ optical system software version
3.0a (Bio-Rad Laboratory).

Validation of differential ANXA1 expression in human breast can-

cer using the human breast cancer tissue profiling array. The human
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Table 1
Primer sequences used in real-time RT-PCR

Primers Sequences (50 fi 30)

ANXA1 forward TTGAGGAGGTTGTTTTAGCTCTG
ANXA1 reverse AGTTCTTGATGCCAAAATCTCAA
ERBB2 forward CTCTACAGCGGTACAGTGAGGAC
ERBB2 reverse AACATCTGGCTGGTTCACATATT
GATA3 forward AGGGTCTCTAGTGCTGTGAAAA
GATA3 reverse CATCCTTCATGCCTTACAGCTAC
AGR2 forward AAGCAACAAACCCTTGATGATTA
AGR2 reverse TAAACCAGATTGAGGAGGACAAA
b-Actin forward TCAAGATCATTGCTCCTCCTGA
b-Actin reverse CTCGTCATACTCCTGCTTGCTG
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breast cancer tissue profiling array was obtained from BD Bioscience
Clontech (Palo Alto, CA). The array contained normalized cDNA
from 30 pairs of breast tumors, including 22 invasive ductal carci-
nomas, five invasive lobular carcinomas, and one each of DCIS,
medullary, and tubular carcinomas, along with their corresponding
normal tissues derived from the same patients. The array also con-
tained negative and positive controls, and cDNA from three breast
Table 2
Gene expression of 30 breast cancer-related genes determined by multiple H

Gene symbol Gene name

(1) Oncogenes

BCL2 B-cell CLL/lymphoma 2
CCND1 Cyclin D1
CTSD Cathepsin D
EGFR Epidermal growth factor receptor
ERBB2 Her2/neu
IGF1 Insulin-like growth factor 1
IGF1R Insulin-like growth factor 1 receptor
MYC c-myc

(2) Tumor suppressor genes

ATM Ataxia telangiectasia mutated gene
BRCA1 Breast cancer 1, early onset
BRCA2 Breast cancer 2, early onset
CDKN1A p21/WAF1/CIP1
CDKN1B p27/Kip1
CDKN2A p16/INK4a
FHIT Fragile histidine triad gene
IGFBP3 Insulin-like growth factor binding protein 3
TP53 Tumor protein p53

(3) Other breast cancer-related genes

AR Androgen receptor
CD44 CD44 antigen
CDH1 E-cadherin
ESR1 Estrogen receptor 1
ESR2 Estrogen receptor 2
FGF2 Basic fibroblast growth factor
KLK3 Prostate-specific antigen
KRT19 keratin 19
MGB1 Mammaglobin
MKI67 Ki-67antigen
MUC1 Mucin 1
PGR Progesterone receptor
VEGF Vascular endothelial growth factor

* p < 0.01.
** p < 0.05, but >0.01.
cancer cell lines, MCF-7, MDA-MB231, and MDA-MB435S. A
plasmid containing the full-length cDNA of ANXA1 gene was ob-
tained from Open Biosystems (Huntsville, AL). The clone was re-
sequenced in the laboratory, and the sequence of the ANXA1 insert
was verified. A 1.2-kb ANXA1 probe was prepared by restrictive
digestion and purified using a Qiagen column (Valencia, CA). The
probe was labeled with [32P]dCTP, using random primer labeling
(Stratagene, La Jolla, CA). The hybridization of the ANXA1 probe
to the array was performed according to the manufacturer�s
instructions. The same array was then stripped and re-hybridized
with a control ubiquitin probe provided by Clontech. The differential
expression of ANXA1 in breast cancers and their corresponding
normal breast tissues was compared.

Immunohistochemical staining of annexin A1 in human breast

cancer tissue samples. The monoclonal anti-ANXA1 antibody (IgG1,
clone 29) was purchased from BD Transduction Laboratories (Lex-
ington, KY). Ten samples each of normal breast tissues, ductal
hyperplasia, carcinoma in situ, and invasive carcinoma were obtained
from the archived pathological tissue bank in the UCLA Department
of Pathology and Laboratory Medicine. Paraffin-embedded tissues
were sectioned, warmed to 56 �C for 30 min, and then deparaffinized
using xylenes. Following rehydration, endogenous peroxidase activity
was quenched with 3% H2O2 for 5 min (Dako Envision+ kit), as
TA

Differential gene expression (C/N)

Microarray EST SAGE

4.89 1.48 1.08
3.15 1.28 7.55*

3.60 3.77* 3.30*

0.13 0.07* 0.32
6.71 25.20* 32.11*

0.36 1.48 1.62
2.15 2.97 0.65
0.34 0.49 0.34*

1.14 0.12** 1.15
1.36 0.49 0.32
0.87 1.00 0.69*

0.48 0.40** 0.41*

0.76 0.40 0.70
1.11 0.25 0.43
1.66 1.00 0.32
0.53 0.14* 0.16*

1.07 0.59 1.13

1.55 0.49 0.57
1.64 1.03 0.45
0.89 1.14 1.74
1.47 1.98 12.30*

0.71 0.49 1.08
0.30 0.74 0.14*

3.56 30.00* 1.00
32.39 1.11 2.06*

58.43 9.39* 3.27**

3.33 6.92** 6.15
6.54 0.74 2.94*

0.56 1.00 0.00
0.78 0.49 1.01
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described by the manufacturer. Samples were incubated in sodium
citrate buffer (pH 6.0) for 30 min at 95 �C to obtain maximal antigen
retrieval. Non-specific binding was blocked by pre-incubation with
5% normal goat serum in PBS for 20 min. Anti-ANXA1 monoclonal
antibody was added to samples with a final concentration of 0.06 lg/
ml diluted in 1% bovine serum albumin and incubated for 40 min at
room temperature. Following extensive washing, samples were incu-
bated for 40 min at room temperature with secondary antibody-
peroxidase labeled polymer (DAKO Envision+ kit). Samples were
extensively washed, treated with DAB substrate-chromagen solution
for 5 min at room temperature, as described by the manufacturer
(DAKO Envision+ kit), and counterstained with hematoxylin. Con-
trols included incubation with primary isotype antibody. The
immunochemical staining was evaluated and scored by a board-cer-
tified pathologist (Y.E.), based on relative staining intensity (scale of
0, 1, 2, and 3) and the percentage of cells of a given histology/pa-
thology staining positively. The staining score (SS) was calculated by
combining both staining intensity and percentage of cells stained
based on the following formula: SS = 3a% + 2b% + 1c%. The stain-
ing difference among different groups of samples was compared using
Student�s t test.
Fig. 1. Distribution of genes in microarray analysis of human breast
cancer. Seven breast cancer and two normal breast tissue samples were
analyzed using Affymetrix U95A chips. The distribution of genes was
presented in differential expression scales. The ‘‘+’’ and ‘‘�’’ indicate
the up-regulation and down-regulation of genes, respectively, in breast
cancer versus normal breast tissues.
Results

Differential gene expression detected by multiple HTA

CGAP employed several approaches, including EST
and SAGE, to catalog all genes expressed during cancer
development [3]. Through May 2004, the CGAP data-
base has collected about four million EST and 12 mil-
lion SAGE tags. To explore the feasibility of using this
resource for measuring gene expression levels, Virtual
Northern was used to study the expression of a panel
of 30 known breast cancer-related genes in cancerous
and benign breast tissues (Table 2). Microarray, SAGE,
and EST vNorthern each identified the expressional
changes of a set of breast cancer-related genes. Micro-
array detected four differentially expressed genes, and
SAGE and EST, 11 and seven, respectively (Table 2).
Only a few differentially expressed genes detected are
not consistent with the current knowledge, such as the
down-regulation of epidermal growth factor receptor
(EGFR) identified by EST vNorthern in human breast
cancer. Some differences were also noticed among the
three different high-throughput approaches. This is not
surprising, due to the heterogeneity in pathologies,
samples, and methodologies. Nonetheless, our study
showed a clear reduction of tumor suppressor genes
and upregulation of oncogenes in cancers (Table 2).
Consistent differential expression of ERBB2, CTSD,
MYC, CDKN1A, CDKN2A, IGFBP3, MKI67, and
MGB1 was identified by all three HTA. If the screening
criteria were set as microarray > twofold, and SAGE
and EST p < 0.05, ERBB2, CDKN1A, CDKN2A,
IGFBP3, and MGB1 are selected. However, if more
stringent criteria were used, with microarray > fivefold,
and SAGE and EST p < 0.01, only ERBB2 would be se-
lected. These results suggest that by increasing the
screening stringency, one may narrow down the impor-
tant genes for further investigation.

Analysis of human breast cancer by microarray combined

with bioinformatic SAGE and EST

Seven fresh breast cancer and two normal breast
tissue samples were analyzed using Affymetrix U95A ar-
rays. Among 12,627 genes analyzed, 730 genes with
more than twofold and 129 genes with more than five-
fold differential expression were identified (Figs. 1 and
2). These included several known important breast can-
cer-related genes, such as c-erb B2, MUC1, keratin 19,
and mammaglobin. The 129 genes with more than five-
fold differential expression were further analyzed against
the data from bioinformatic SAGE and EST. Four
genes, c-erb B2 (ERBB2), T lymphocyte transcriptional
factor GATA binding protein 3 (GATA3), Xenopus lae-
vis homolog gene of anterior gradient 2 (AGR2), and
annexin A1 (ANXA1), met the screening criteria of five-
fold by microarray and p < 0.01 by both SAGE and
EST (Fig. 3). Therefore, they were selected for further
analysis.

Loss of ANXA1 expression in breast cancer validated

by real-time RT-PCR and human breast cancer tissue

profiling array

Consistent detection of four differentially expressed
genes, ERBB2, GATA3, AGR2, and ANXA1, by all
three HTA implies a role of these genes in breast cancer.
The expression of these genes was further verified using
real-time RT-PCR quantification in six breast cancer



Fig. 2. Hierarchical clustering of genes identified by microarray
analysis breast cancer. The hierarchical clustering of 129 genes with
more than fivefold differential expression was performed using the
program Cluster and visualized with TreeView. ‘‘N’’ and ‘‘C’’
represent normal and cancer, respectively.

Fig. 3. Expression of breast cancer-related genes in human breast
cancer determined by multiple HTA. One hundred and twenty-nine
genes with more than fivefold differential expression identified by
microarray analysis were further analyzed by SAGE and EST
vNorthern. Four genes, ERBB2, AGR2, GATA3, and ANXA1, met
the screening criteria of expressional difference of >fivefold by
microarray and p < 0.01 by both SAGE and EST.

Fig. 4. Real-time RT-PCR analysis of breast cancer-related genes in
breast derived cell lines. Six breast cancer and two immortalized benign
breast cell lines were analyzed for the expression of four genes
identified by multiple HTA. The expression was presented as normal-
ized expression by b-actin.

Fig. 6. ANXA1 expression in human breast cancer tissue profiling
array. The human breast cancer tissue profiling array contains 30 pairs
of cDNA from human breast cancer and their normal counterparts.
‘‘N’’ and ‘‘C’’ represent normal and cancer, respectively. O1, O2, and
O3 are three breast cancer cell lines, MCF-7, MDA-MB-231, and
MDA-MB435S as experimental controls.

Fig. 5. Real-time RT-PCR analysis of breast cancer-related gene in
paired breast cancer tissue samples. The expression changes in paired
breast cancer tissues were presented as folds of normalized expression
by b-actin in cancers versus in their normal counterparts. Each color
bar represents a separate pair of tissue samples.
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cell lines, two benign breast epithelial cell lines (Fig. 4),
and nine paired human breast cancer samples and their
matched normal tissues (Fig. 5). The expression of
ERBB2, GATA3, and AGR2 was not detectable in the
two immortalized benign breast cell lines, HBL100 and
MCF10A, compared to various levels of expression of
these genes in breast cancer cell lines. ANXA1 expres-
sion was minimal in both malignant and immortalized
benign cell lines (Fig. 4). In human tissues, eight of nine
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samples had elevated expression of ERBB2, GATA3,
and AGR2 in breast cancer, while ANXA1 expression
was reduced or lost in eight out of nine cancer tissue
samples (Fig. 5).

We further investigated the expression of ANXA1 in
a commercially available human breast cancer tissue
profiling array (BD Clontech). This array contains nor-
malized cDNA from 30 paired breast cancer and corre-
sponding normal breast tissue samples. The results
confirmed the loss of ANXA1 expression in breast can-
Fig. 8. Scoring of immunohistochemical staining of ANXA1 in different type
scored according to a combination of both intensity as +++, ++, +, �, an

Fig. 7. Immunohistochemical staining of ANXA1 in benign and malignant b
and (D) invasive carcinoma.
cer tissues. ANXA1 expression was significantly reduced
or lost in 29 of 30 breast cancer samples, as compared to
their normal counterparts (Fig. 6).

Decreased ANXA1 expression in human breast cancer

epithelial cells detected by immunohistochemical staining

Controversy about ANXA1 expression in breast can-
cer was reported in studies using immunohistochemical
staining [14–16]. Therefore, we further examined the
s of breast lesions. The immunohistochemical staining of ANXA1 was
d percentage.

reast tissues. (A) Normal; (B) ductal hyperplasia; (C) in situ carcinoma;
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expression pattern of ANXA1 in normal and various
human breast lesions by immunohistochemical staining.
As shown in Figs. 7 and 8, breast glandular epithelial
cells in normal and hyperplastic breast tissue expressed
constitutive levels of ANXA1. Moreover, relatively
abundant levels of ANXA1 were observed in myoepithe-
lial cells of both malignant lesions and non-malignant
glands (Fig. 7). However, there was a significantly de-
creased epithelial staining of ANXA1 in in situ and
invasive carcinomas when compared to benign breast
tissues (p < 0.0001). The average score of annexin A1
staining was 43.5 ± 30.6 in normal breast tissue,
52.0 ± 32.7 in hyperplasia, and only 10.0 ± 10.0 and
4.5 ± 5.5 in in situ and invasive carcinomas, respectively
(Fig. 8). There was no significant difference for annexin
A1 staining between normal and ductal hyperplasia
(p = 0.27) and between in situ and invasive carcinoma
(p = 0.60). A significant loss of annexin A1 staining
was observed both in in situ tumors versus normal
breast epithelium (p = 0.0025) and ductal hyperplasia
(p = 0.0001), as well as in invasive carcinoma versus
normal breast epithelium (p = 0.0006) and ductal hyper-
plasia (p < 0.0001).
Discussion

Multiple HTA

HTA has proven to be a powerful tool in novel gene
discovery, classification, and prognosis prediction in
cancers. Recent studies focused on identification of dis-
ease-related genes [17,18], expressional profiling to clas-
sify cancer into various subtypes [19–21], and to predict
prognosis [22–24]. Since different HTA have different
sensitivities and/or specificities in target gene discovery,
we hypothesized that a properly combined use of these
technologies might improve the identification of differ-
entially expressed genes. While analytical variations
may occur due to the heterogeneity in samples, pathol-
ogy, and methodologies, the pattern of differential gene
expression should be consistently detected by reliable
analyses to reflect the underlying pathology, despite
the multiple possible variations. Based on these ratio-
nales, we designed an approach to combine multiple
HTA, including cDNA microarray and bioinformatic
SAGE and EST, to search for a subset of candidate
genes potentially important in the development and/or
progression of cancer. We first compared the gene
expression levels of a panel of 30 known breast can-
cer-related genes between normal and malignant breast
tumors, and the results were compared to those of
microarray analysis. As shown in Table 2, the expres-
sion of ERBB2, CTSD, MYC, CDKN1A, CDKN2A,
IGFBP3, MKI67, and MGB1 was consistent in all three
HTA. ERBB2, CDKN1A, CDKN2A, IGFBP3, and
MGB1 were found to be significant when the search cri-
teria were set at the level of microarray > twofold, and
SAGE and EST p < 0.05. However, only ERBB2 would
be detected if more stringent criteria of micro-
array > fivefold plus SAGE and EST p < 0.01 were
applied. This suggests that multiple HTA could be com-
plementary when proper criteria are used. With increas-
ing stringency of the screening criteria applied to
combined HTA analysis, the number of candidate genes
would be reduced, and hence, the important differen-
tially expressed genes could be identified more
efficiently.

This strategy was then applied to our microarray data
analysis. Seven primary human breast cancer and two
normal breast tissue samples were analyzed using Affy-
metix U95A chips. Among the 12,627 genes analyzed,
730 genes were found to have more than twofold differ-
ential expression and 129 genes if the selection was lim-
ited to those genes with a minimum differentiation of
fivefold (Figs. 1 and 2). After cross-analysis by bioinfor-
matic SAGE and EST analyses with a criteria of
p < 0.01, only four of the 129 genes were significant,
including three overexpressed genes, ERBB2, GATA3,
and AGR2, and a suppressed gene, ANXA1, in breast
cancer (Fig. 3). This suggested that, at the given screen-
ing criteria, combined microarray with SAGE and EST
analyses effectively narrowed the number of genes for
further analysis, yet retaining the sensitivity to identify
the biologically important genes, such as ERBB2 and
ANXA1.

Studying differential expression between breast can-
cer and normal breast can be technically challenging,
given that normal tissues are poor in epithelium as
compared to adipocytes, whereas tumors may be epi-
thelial and endothelial cell-enriched. One approach
to address this concern is to incorporate laser capture
microdissection or antibody purification to enrich the
epithelial cells from normal or malignant tissues.
However, these processes may not be feasible when
only small amounts of tissues are available. Further,
the time-consuming procedures may also compromise
the quality of RNA preparation. To address the prob-
lems in tissue sampling, the following steps were ta-
ken: (1) all visible fat was removed from normal
breast tissues for RNA extraction; (2) the results of
microarray analysis was cross-validated with bioinfor-
matic SAGE and EST; and (3) the findings were then
confirmed in breast cell lines and tissue samples at
both RNA and protein levels. Although this approach
may miss the genes with less significant changes, it al-
lows us to select and to focus on those genes with the
most striking differences. In our study, several known
breast cancer genes such as ERBB2 and ANXA1 are
successfully identified by the described method using
a very stringent screening criterion and the grossly dis-
sected tissue samples.
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Characteristics of the genes identified by multiple HTA

ERBB2 is a member of an epidermal growth factor
family with tyrosine kinase activity, and is a well-known
breast cancer oncogene with both gene amplification
and overexpression in up to 25%of breast cancer patients.
The overexpression of ERBB2 has been associated with
poor prognosis of patients with breast cancer [25] and
its overexpression detected by microarray analysis was
also previously reported [20]. Increased expression of
two other genes identified in this study, GATA3 and
AGR2, was observed by others as well [26,27]. They were
found to co-express with estrogen receptor in human
breast cancer and were also detected by HTA [20,28,29].
GATA3 was also shown to be involved in the switch of
host immunity from cellular to humoral [30,31]. The pat-
tern ofANXA1 expression in human cancer is notwell de-
fined. While up-regulation of ANXA1 was previously
observed in a stomach cancer cell line [32], glioblastoma
[4], and mammary adenocarcinoma [15,16,33], many
investigators reported that ANXA1 expression was re-
duced or lost in cancer tissues. Down-regulation of
ANXA1was reported inmany types of cancers, including
head and neck [34], esophageal [35], gastric [36], prostate
[35,37], and breast [14]. In this study, we clearly demon-
strated that ANXA1 expression was diminished or lost
in breast cancer tissues by all three of the high-throughput
technologies, microarray, and bioinformatic SAGE and
EST. This was further validated both at the mRNA level
by real-time RT-PCR and human breast cancer tissue
profiling array, and at the protein level by immunochem-
ical staining of human breast cancer tissues.

Loss of ANXA1 expression in human breast cancer

Annexins are a group of structurally related calcium-
binding proteins, which share a domain that binds to
phospholipids and an amino terminal domain that
determines specificity [38]. The functions of the annexin
family proteins are associated with regulation of mem-
brane trafficking and cellular adhesion. Several members
of the annexin family, including annexins 1, 2, 5, 6, and
7, were reported to be involved in the oncogenic process
[39–44]. These annexins are often linked with negative
regulation of cell proliferation [38]. Although the role
of ANXA1 in cancer development has not been well
characterized, the down-regulation of ANXA1 expres-
sion in multiple types of cancers suggests that ANXA1
may be a negative regulator of cancer cell growth.
ANXA1, also known as lipocortin 1(LC-1), is a 37-
kDa calcium- and phospholipid-binding protein of the
annexin superfamily found in a wide range of organ-
isms, including vertebrates, invertebrates, and plants
[38]. ANXA1 is an important mediator in glucocorti-
coid-regulated inflammatory response [45,46]. It was
also found to be involved in the regulation of cytokine
production [47] and the MAPK/ERK signal transduc-
tion pathway [48,49]. Forced expression of ANXA1
activated the MAPK/ERK pathway and reduced cell
proliferation by disruption of the actin skeleton and
ablation of cyclin D1 expression [49]. When treated with
an anticancer agent, perillyl alcohol, ANXA1 expression
in breast cancer was upregulated, along with other
apoptosis-related genes, p21 (Cip1/WAF1), Bax, and
Bad [50]. In our study, ANXA1 expression is decreased
or lost at the mRNA level, as measured by multiple
HTA, real-time RT-PCR, and human breast cancer tis-
sue profiling array, and at the protein level as deter-
mined by immunohistochemical staining in most
breast cancer tissue samples examined, including both
in situ and invasive carcinomas. ANXA1 expression at
very low levels was observed in both cancerous and
immortalized normal breast epithelial cell lines, suggest-
ing that ANXA1 loss might occur at an early stage of
malignant transformation. Immunohistochemical stain-
ing of various human breast lesions showed that signif-
icant loss of annexin A1 staining occurred between
ductal hyperplasia, and in situ and invasive carcinomas.
Conclusion

In summary, four differentially expressed genes in
human breast cancer, ERBB2, GATA3, AGR2, and
ANXA1, were detected by multiple HTA consisting
of microarray and bioinformatic SAGE and EST.
The loss of ANXA1 was further confirmed both at
the mRNA level by real-time RT-PCR and human
breast cancer profiling array, and at the protein level
by immunohistochemical staining. Our study suggests
that multiple HTA is a useful strategy for discovering
biomarkers with clinical relevance in cancer detection
and disease classification. Furthermore, the consistent
loss of ANXA1 in breast cancer suggests a regulatory
role in human breast cancer development.
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