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ABSTRACT Microarray is a powerful tool used widely to characterize tumors and has greatly improved the ability to
subclassify tumors according to shared molecular characteristics and clinical behavior. It is a method to measure the
expression of a large number of genes in any specimen simultaneously. Researchers at Stanford University were the
first to describe and use DNA microarray to study gene expression in various diseases including cancer. Breast cancer
is the second most common cancer among Indian women. Multiple factors like age, diet, obesity, parity, age at first
childbirth, oral contraceptives, exogenous estrogens, genetics, environment, geographic location influence the
development of this heterogeneous disease. Gene expression in these cancers by microarray is fast gaining in
popularity in providing better prognostic and predictive information on the disease. This review is an attempt to look

at the recent advances in breast cancer research with DNA microarray technology.

INTRODUCTION

Breast cancer management isamajor concern
totheclinician dueto itsextensive heterogeneity.
Themarkerscurrently associated with theclinical
implications include estrogen receptor (ER),
progesterone receptor (PR), oncogene her2/neu;
others such as cell proliferation marker Ki-67
antigen, proliferating cell nuclear antigen
(PCNA), vascular endothelial growth factor
(VEGF), CD3L, Factor VI etc. areyet tobeproven
clinical value (Desai et a. 2002). It would help
patientsif prognostic markersare availablewhich
can help identify patients who are likely to fail
surgery. Similarly, predictive markerswhich can
help identify apatient who isunlikely to respond
to a particular drug/drugs, will be useful in
avoiding failures due to lack of efficacy of the
drug and avoiding unnecessary morbidity.
Molecular biological methodslike cytogenetics,
comparative genomic hybridization, whole
genomeallelotyping, single nucleotide polymor-
phism studies on candidate genes, differential
display, immunohistochemistry among others
have shown great promisein addressing theissue
at genetic levels. Studying genes at level of
transcription (RNA) will give an idea of those
that are expressed and analysis of multiple genes
simultaneously rather than one at atime will be
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time saving, less laborious and more predictive.
Two methods commonly used now to look at a
large number of genes at the mRNA levels are
microarray and multiplex quantitative real-time
PCR (Rouzier et al. 2005). Apart from gene
expression, microarray also finds application in
disease diagnosis, drug discovery and
toxicological research.

WHAT ISA MICROARRAY ?

A microarray is an orderly arrangement of
known genes attached to a solid support. Each
gene on the solid support referred to as spot or
probe is usually less than 200uM in diameter.
Each spot has a unique sequence different from
the othersin the array and will hybridize only to
its complementary strand. The first arrays with
cDNA cloneswere spotted onto nylon membrane
(Desai et al. 2002) and probed with radiol abeled
RNA. These should ideally be able to measure
gene expression but slide based arrays first
adapted by printing cDNA clones onto glass
dlidesthat are specially treated with an adherent
polylysine or aminosilane have proven to be
smaller, convenient and facilitate higher through-
put (Jeffrey et al. 2002). There aretwo strategies
for formatting of the slide/chip: - in-situ oligo
synthesisor DNA may bedirectly applied to the
surface with nibs or inkjet (Cooper 2001). The
entire array can contain anything between 200-
40,000 such spots/genes. The slides or chips, as
they arereferred to, can be high density chipsor
low density chips depending on the number of
genes spotted on them.

Affymetrix Inc.’s GeneChip technology (for
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DNA and RNA) has become the industry
standard in microarray-based research. Due to
the high density of content per array that can be
achieved today (an industry leading 6.5 million
features) the GeneChips can be used for high-
throughput mutation detection, single nucleotide
polymorphism genotyping, expression profiling
and detection of chromosomal aberrations. This
inturn openstheway for clinical applicationsin
genetics, cytogenetics, pharmacogenetics,
oncology and pathogen recognition (http://
www.affymetrix.com). However theirsisasingle
dye detection system, hence only asingle sample
can be processed on a chip unlike many others
like Amersham Biosciences who feature a dual
dye detection system. The GeneChip systemisa
closed system and the cost ranges around 0.3
millionUSdollarsin India

TYPES OF MICROARRAY PLATFORM

1 Classical DNA microarray also called
expression chips can itself be of two types -
(a) cDNA microarray where cDNAs500-5000
bases|ong areimmobilized to asolid surface
or (b) oligo where 20-80mer oligos are spotted
on the chip.

2. Microarray CGH can be used to look for
genomic gains and losses or for achangein
the number of copies of a particular gene
involved in a disease state (Oostlander et al.
2004).

3. Researchers can use SNP microarray
technology (Huang et al. 2001) to test an
individual for adisease expression pattern to
determinewhether he or sheis susceptibleto
(at risk of developing) that disease.

4. A protein microarray (Stoll et al. 2005)
consisting of antibodies, proteins, protein
fragments, peptides or carbohydrate el ements
are used to screen and assess patterns of
interaction with samples containing distinct
proteins or classes of proteins.

5. In CpG arrays (Yan et al. 2000) GC-rich
sequences derived from human CpG island
genomic library are arrayed onto solid
supports. Amplicons derived from pools of
methylated CpG DNA are hybridized to the
arrays.

6. ChlP-on-chip (Oberley et al. 2004) pairs
chromatin immunoprecipitation (ChlP) with
glassslide microarrays (chip) to analyze how
regulatory proteinsinteract with the genome
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of living cells. It provides insight into key
mechanismsof methylation, histonemodifica-
tion, aswell asDNA replication, modification,
and repair.

PRINCIPLE AND METHODOLOGY-
DNAMICROARRAY

The principle behind microarray is affinity
and specificity of complementary base pairing
and involves hybridization of cONA moleculeto
the DNA template from which it has originated.
In microarray experiments a reference sample
(normal tissue) is studied along with the experi-
mental sample (canceroussample). Bothtotal and
mMRNA can be used; if RNA quantity is insuffi-
cient, in vitro transcription based linear
amplification may be performed, which will
generate enough amplified antisense RNA (Zhao
etal. 2002)

25 g of total RNA or 5 pug of mRNA from
experimental and reference samples are reverse
transcribed, labeled with different fluorescent
dyes (Cy dyes — Amersham Biosciences) and
mixed. The mixtureisthen hybridized overnight
to the microarray and scanned at two different
wavelengths. Theintensities of the fluorescence
are measured for each spot on the microarray
and theratio of fluorescent intensity revealsthe
abundance of RNA expressed by the experi-
mental samplein relation to the reference. Two
different microarrays for the reference and
experimental sample can be used, in which case
the labeled samples need not be mixed. Biotin
labeling of samples followed by detection with
silver is aso gaining popularity (Eppendorf).
Many bioinformatics approaches are available
to analyze the data generated.

Solid tumors such asbreast cancer are highly
heterogeneousand henceit isdifficult to compare
expression pattern between samples. Laser
capture microdissection (LCM) is an effective
tool to isolate defined population of cells from
tissuesections(Sgroi et d. 1999; Luzzi et a. 2001).
Assersohn et al. (2002) studied the feasibility of
using fine needle aspiration from primary breast
cancers for cDNA microarray. But gene
expression profiles (without RNA amplification
techniques) from only 15% of the patients could
be obtained due to lack of enough mRNA in the
others. Gene expression profiling of RNA'sfrom
formalin fixed paraffin embedded samplesisalso
possible by use of cDNA mediated annealing,
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selection, extension and ligation (DASL) assay
and universal microarrays (Bibikovaet al. 2004).

CHALLENGES IN BREAST CANCER

Hereditary factors, diet, age, race, environ-
mental factors, early menarche, late pregnancies,
late menopause are factors associated with this
disease. Estrogen plays a magjor role in the
development, growth and differentiation of the
normal breast as well as in the development of
breast cancer. Tamoxifen and Ra oxifene - antago-
nists of this hormone have been successfully
used in its treatment. However only about 50%
of breast cancersare ER positive at presentation
(Desai et al. 2002). Down-regulation or loss of
ER expression may occur viamethylation of ER
genepromoter (Ottaviano et al. 1994) or these ER
negative tumors arise from a population of ER
negative precursor cells (Russo et al. 1999). In
addition to chemotherapy, surgery and radiation
arethe other therapeutic strategies, but although
combinatorial therapies have decreased the risk
of relapse by 20-40%, significant side-effectsand
development of chemo-resistance may occur
(Desai et al. 2002). The first successful gene-
based targeting was the development of a
therapeutic approach against her2/neu/erbB2, a
tyrosine kinase receptor, which is amplified or
over-expressed in 30% of breast cancers. The
expression of erbB2 is inversely correlated to
patient survival and hence a humanized
monoclonal antibody called herceptin was
developed againgtit (Slamon et al. 1987). Amajor
challengeistoidentify new potential therapeutic
targets and prognostic markers by understanding
the multiple molecular events and mechanisms
by which this cancer develops.

GENE EXPRESSION PROFILING IN
BREAST CANCER

Various studies with microarray have been
carried out to identify a breast cancer profile on
the basis of gene expression. Perou et al. (1999)
used cDNA microarray and clustering algorithm
toidentify patterns of gene expressionin human
mammary epithelia cellsgrowingin cultureand
in human primary breast tumors. Two clusters of
geneswith coherent expression pattern correlated
withvariationin cell proliferation ratesand with
activation of the IFN-regulated signal trans-
duction pathway. Membrane based arrays spott-
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ed with tags representing 124 genes were used
by Martin et al. (2000) to group tumor samples
into categories based on expression patternsand
cluster analysis and conclude that expression
levels of gene clusters have the potential to
improve prognostic accuracy and therapeutic
outcomes.

A 176-candidate genes microarray was used
to study 34 cases of breast cancer (Bertucci et al.
2000). They identified two molecularly distinct
subgroups of tumors within the histoclinical
category of poor prognosis breast cancer and
who are treated with adjuvant chemotherapy.
These two subgroups would actually need
distinct chemotherapy regimens. They further
extended their results (Bertucci et al. 2002) by
studying 1000 candidate genesin 55 clinical poor
prognosis breast cancer tissue samples treated
with adjuvant therapy and in 11 cell lines. They
identified and confirmed a predictor set of 23
genes for tumor classification into three classes
— stromal, immune and proliferation with
significantly different long-term survival. 5-year
overall survival and metastasis-free survival rates
were 100% and 75% in class |, 65% and 56% in
classll and 40% and 20%inclasslil. Thegroup
(Bertucci et d. 2004) a so compared inflammatory
breast carcinoma (IBC) with non-inflammatory
breast cancer (NIBC) using DNA microarrays
containing 8000 genes. Supervised analysis
identified a set of 109 genes (related to aggre-
ssiveness, signal transduction, cell motility,
adhesion and angiogenesis) the expression of
which discriminated IBC from NIBC. Another 85-
gene set wasidentified that divided IBC patients
with significantly different pathological complete
response to chemotherapy.

In breast cancer, p53 mutations are associ ated
with worse overall and disease-free survival and
even resistance to anticancer therapies.
Oligonucleotide arrays covering >30,000 genes
studied (Miller et al. 2005) in 251 primary invasive
breast carcinomas and a 32-gene p53 signature
derived which was associated with patient
survival independent of other risk factors. In
most cases, tumors with mutated p53 and wild
type p53 could easily be distinguished by this
expression profile,

PREDICTION OF CLINICAL DISEASE
COURSE IN BREAST CANCER

Gene profiles obtained after microarray can
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also help predict thediseaseinitsclinical course.
Gruvberger et al. (2001, 2004) classified breast
tumors and generated a list of genes which
discriminate tumorsaccording to ER status. They
also studied the prediction of prognostic markers
such as S phase of cell cycle (SPF), DNA ploidy
gatusand PR status. Zgjchowski et a. (2001) found
that the gene expression pattern of a cell line
predicted accurately the aggressiveness of the
cells by study of differences in gene expression
between weakly invasive and highly invasive
breast cancer wascarried out witha588 genearray.

A ‘poor prognosis signature consisting of
genesregulating cell cycle, invasion, metastasis
and angiogenesiswasidentified by van de Vijver
et a.(2002) and van ‘t Veer et a. (2002) using
25,000 genes DNA microarray analysis on
primary breast tumors. They applied supervised
classification to identify a gene expression
signature (set of 70 genes) strongly predictive
(accuracy of 89%in 20 tumors) of ashort interval
to distant metastasesin patientswith lymph nodes
negative and positive at diagnosis. Soulez et al.
(2001) identified novel estrogen-responsive
genes in a study with human ZR75-1 breast
cancer cells. In continuation, Inoue et al. (2002)
analyzed expression profiles of 9000 genes in
human M CF-7 breast cancer cellsin responseto
estrogen. Based on the results, they selected
estrogen-responsive genesto devel op acustom-
made microarray system and analyzed effects of
estrogen antagonists and estrogen-responsive
genes expression profiles in other ER-positive
cell linesderived from breast, ovary and stomach.
In an attempt to distinguish between invasive
lobular (ILC) and invasive ductal (IDC) breast
carcinomas, Korkola et al. (2003) used cDNA
microarrayswith 10,368 genes. They carried out
prediction analysis (PAM), significant analysis
for microarrays (SAM) and MaxT permutation
analysis and identified 11 genes (E-cadherin,
survivin, cathepsin B, TPI1, SPRY 1, SCYA14,
TFAP2B, thrombospondin 4, osteopontin, HLA-
Gand CHC1) tobedifferentially expressed. Zhao
etal. (2004) carried out asimilar study using cDNA
microarrays with 42,000 clones. Many of the
differentially expressed genesin this study were
involved in cell adhesion, motility, fatty acid
trangport and metabolism, immune responsesand
electron transport. Over 50% of ILC’s differed
from IDC’sin transcription programs.

Weigelt et al. (2003) studied matching primary
breast and their distant metastatic tumors by
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using a 18,336 human cDNA microarray. Their
datashowed that similar gene expression profiles
of primary breast tumorswere maintained in their
distant metastasis even when metastasis deve-
loped after several years (15 years). Therefore,
therapy recommendations based on expression
profiles of the primary tumor are a rational
approach towards preventing outgrowth of
micrometastasis. But there have been many
studies contrary to this. Kang et al. (2003)
identified genes that promote breast carcinoma
metastasis to bone. They compared parental
MDA-MB-231 human breast carcinomacell line
with a variant selected for bone colonization.
They identified 43 over-expressed genes and 59
under-expressed and referred it as ‘bone
metastasis signature’ . Another study by Huang
et al. (2003) a soidentified aggregate patterns of
gene expression (metagenes) that associate with
lymph node status and recurrence, and that are
capable of predicting outcomes in individual
patients with about 90% accuracy. The
metagenes defined distinct groups of genes,
suggesting different biological processes
underlying these two characteristics of breast
cancer. Wang et al. (2005) analyzed, with
Affymetrix Human U133a GeneChips, the
expression of 22000 transcripts from total RNA
of frozen tumor samplesfrom 286 lymph-node-
negative patients who had not received adjuvant
systemictreatment. Inthefirst set of 115 tumors,
they identified a 76-gene signature consi sting of
60 genes for ER positive patients and 16 genes
for ER negative patients. This signature showed
93% sensitivity and 48% specificity in a
subsequent independent testing set of 171 lymph-
node-negative patients. The gene profile was
highly informative in identifying patients who
developed distant metastases within 5 years.

CLASSIFICATION OFBREAST CANCER

Perou et al. (2000) and Lonning et al. (2001)
studied cDNA microarrays representing 8,102
human genes on matched pairs of breast tumors
before and after doxorubicin treatment. The
tumors were segregated into four major groups
based upon their expression patterns:-

(1) An ERBB2 cluster group expressing high
levelsof ERBB2 geneand other genesinthe
same amplicon. ER expression was low or
absent.

(@ ‘Norma-like' breast cluster expressing many
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genes characteristic of normal breast
epithelium. ER expression waslow or absent.

(3 ‘Basal-cell-like' cluster expressing genes
characteristic of basal breast cells, in
particular with respect to keratin 5 and 17.
ER expression was|ow or absent.

(4 ‘Luminal-cell-cluster’ characteristic by
relatively high expression of many genes
including ER, L1V-1 protein, GATA-binding
protein 3, prolactin receptor and carnitine
palmitoyl-transferasell.

Sorlie et a. (2001) continued this study on
larger number of samples and found that this
classification based on gene expression patterns
can be used as a prognostic marker with respect
tooverall and relapse-free survival in asubset of
patients who received uniform therapy. Another
finding was separation of ER positive tumorsinto
at least two distinctive groupswith characteristic
expression profiles and different prognosis. In
order to duplicate these results in a large,
prospectivetrial, Sotiriouset a. (2003) analyzed
breast cancer patients with known clinical
outcome. Their resultswerein concordance with
Sorlieet d. (2001) and van de Vijver et a. (2002)
despite differences in patient population,
treatment modules and technology employed. ER
status of the tumor was the most important
discriminating factor for expression subtypes
followed by tumor grade. Hierarchical clustering
grouped the tumors into two clusters based on
their basal (mostly ER negative) and luminal
(mostly ER positive) characteristics. Smaller
subgroupswereidentified within each cluster. A
group of 485 geneswere aso identified that were
associated with survival. Thus molecular
signatures could be generalized to populations
and across many microarray technologies.

MICROARRAY IN HEREDITARY BREAST
CANCER

Many cases of hereditary breast cancer are
dueto mutationsin either the BRCA1 or BRCA2
gene. Hedenfalk et al. (2001) studied these
cancersusing 6512 cDNA microarray and found
that tumorswith germ-line mutationsin BRCA1
and those with mutations in BRCA2 differ
significantly in their global patterns of gene
expression. DNA repair and apoptosisgenes (e.g.
MSH2) were upregulated in BRCA1 mutation
positive samples. In addition, these samples
displayed increased expression of genes like
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PDCD5 associated with apoptosisinduction and
decreased expression of apoptosis suppressing
genes like CTGF. The finding suggested that
mutation of BRCA 1 leadsto constitutive stress-
type state.

MICROARRAY IN CHEMOTHERAPY AND
DRUG RES STANCE MECHANISM'S

Chang et al. (2003) took core biopsy samples
from 24 primary breast tumors before treatment
and then assessed tumor response to
neoadjuvant docetaxel by cDNA anaysisof RNA
extracted from biopsy samplesusing HgU95-Av2
GeneChip. Sensitive tumors had higher
expression of genes involved in cell cycle,
cytoskeleton, adhesion, protein transport,
protein modification, transcription, and stress or
apoptosis; whereas resistant tumors showed
increased expression of sometranscriptional and
signal transduction genes. These molecular
profilescould alow development of aclinical test
for patients with docetaxel sensitivity. Pawitan
et al. (2005) obtained gene expression profiles of
159 breast cancer patients and used hierarchical
clustering to identify the signature associated
with prognosisand impact of adjuvant therapies.
A subset of 64 genes from the Affymetrix high
density oligonucleotide array human HG-U133
set were found to identify patients with good
and poor outcomes. 3 subgroupswereidentified:
patientswho did well with therapy, patientswho
did well without therapy and patientswho failed
to benefit from therapy. Three genes out of the
64 were among the 70 gene set identified in the
study by van't Veer et al. (2002).

Kudoh et al. (2000) used microarray
technology on membrane arrayswith 5760 genes
spotted to study drug-resistance mechanisms
(doxorubicin) in breast cancer cell lines. Genes
involvedin cell cycle mechanisms, transcription
factors, signal transduction pathways and
various metabolic pathways were found to
differentially regulated.

LIMITATIONS OF MICROARRAY
TECHNOLOGY

Precise sampling and the ability to sample
homogeneous tissue samples are crucial steps
in obtaining an accurate analysis. At the same
time, the amount of tissuerequired can also bea
problem as arelatively large amount of RNA is
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required. However, more recent techniques to
amplify RNA have been developed to allow
extraction from minute tissue samples. The data
obtained from microarray experiments hasto be
validated by real time PCR or northern blots
before they can be proposed as predictive or
prognostic markers. This technology does not
provide information about post-transcriptional
changes or post-translational protein modifica-
tions(Brown et al. 2003). Inthe present state, the
technology is expensive and hence may not be
affordableto all laboratories.

FUTURE DIRECTIONS

The power of thistechnology liesin the fact
that it allows global analysis of patterns of
simultaneous gene expression. Expression
patterns can be combined with clinical data to
identify new markers for prediction of drug
sensitivity and to unravel the molecular basis of
drug action. Genomic information has the
potential to improvethe prognosisintheclinical
context by improving patient management based
on personalized predictions. The combination of
expressed and repressed genes within a tumor
reflects its state, revealing proliferative status,
metabolic rates and molecular interactions
between malignant cells and surrounding fibro-
blasts, adipocytes, endothelial cells, macro-
phages and lymphocytes. Therefore, identi-
fication of specific patterns of gene expression
will undoubtedly improve tumor classification,
prognosis and treatment schemes. With respect
to breast cancer, the aim should be to identify
women ‘at risk’ at the time of screening, occult
micrometastasis at the time of diagnosisand also
to prevent unnecessary toxic and expensive
adjuvant therapies for patients with non-
metastasizing tumors. In an ideal situation
especialy inthe study of cancer, asmall population
of cells in a tissue from each step of tumor
progression should be isolated and microarray
analysis should be performed to understand the
exact molecular biology of the disease.

Further, developments in nanotechnology,
have enabled the production of a’singlemolecule
array’ (http://www.solexa.com/Technology/
overview.htm) which should alow the complete
sequencing of an entireindividual in onereaction
and on one array chip.
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