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Abstract Breast cancer is considered to be relatively

sensitive to chemotherapy, and multiple combinations of

cytotoxic agents are used as standard therapy. Chemo-

therapy is applied empirically despite the observation that

not all regimens are equally effective across the population

of patients. Up to date clinical tests for predicting cancer

chemotherapy response are not available, and individual

markers have shown little predictive value. A number of

microarray studies have demonstrated the use of genomic

data, particularly gene expression signatures, as clinical

prognostic factors in breast cancer. The identification of

patient subpopulations most likely to respond to therapy is

a central goal of recent personalized medicine. We have

designed experiments to identify gene sets that will predict

treatment-specific response in breast cancer. Taken toge-

ther with our recent trial about the construction of a high-

throughput functional screening system for chemo-sensi-

tivity related genes, studies for drug sensitivity will provide

rational strategies for establishment of the prediction sys-

tem with high accuracy, and identification of ideal targets

for drug intervention.
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Chemotherapy for breast cancer

Breast cancer ranks first in the incidence among gyneco-

logical cancers. According to the 2003 vital statistics

records on the Japanese population, the mortality rate from

breast cancer (15.2%) is increasing. For the treatment of

breast cancer, surgery and several different chemotherapy

regimens are used. The development of optimal consensus

treatment guidelines for breast cancer requires compre-

hensive analysis of the results of randomized clinical trials

and the interpretation of their clinical, biological and

personal relevance for individual patients. Recent recom-

mendations (St Gallen [1, 2], NIH Consensus [3]) based on

clinical tests in large-scale, randomized control trials in the

United States and Europe focused on the implications of

evidence for patient treatment selection. They promoted

the standardization of therapies in hospitals or regions,

avoiding any divergent therapies.

Breast cancer is considered to be relatively sensitive to

chemotherapy compared to other solid tumors. Multiple

combinations of cytotoxic drugs are used as standard

therapy. The most effective combination regimens include

anthracyclines (epirubicine or doxorubicin), which are

topoisomerase II inhibitors. The taxanes (paclitaxel and

docetaxel) and Capecitabine are a new class of antimi-

crotubule agents that are more effective than older drugs,

such as anthracyclines, and are often used in patients

with advanced breast cancer with tumor cells that are

resistant to anthracyclines [4–6]. Therefore, it is hoped

that the addition of paclitaxel to anthracycline-containing
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chemotherapy will improve treatment efficacy for a subset

of patients. However, not all regimens may be equally

effective for all patients. It is not yet possible to select the

most effective regimen for a particular individual, because

there are no clinically useful predictive markers of a

patient’s response to chemotherapy. Now the question is,

‘‘Is it possible to personalize chemotherapy and select the

single best regimen for an individual?’’

Selection of the best treatment for patients based

on the gene expression profile

The recent development of DNA microarray and related

technologies provides a unique molecular portrait or signa-

ture that can be correlated with clinical behavior and drug

responsiveness in breast cancer [7–11]. It is anticipated that

gene expression profiling of responsive compared to non-

responsive tumors may allow the definition of a pattern of

clinically useful discriminatory gene expression. Chang

et al. [12] reported the application of DNA microarray

analysis in the identification of predictive factors of response

to docetaxel in 24 breast cancer patients. They identified

differential expression patterns of 92 genes correlated with

docetaxel response. In leave-one-out cross-validation anal-

ysis, 10 of 11 sensitive tumors (responders) and 11 of 13

resistant tumors (non-responders) were correctly classified,

with an accuracy of 88%. On the other hand, Ayers et al. [13]

identified a set of key genetic markers (74 genes) that predict

whether patients are likely to be cured (complete pathologic

response; pCR) by a chemotherapy regimen commonly

given before surgery (neoadjuvant chemotherapy). It was

reported that the markers predicted, with 75% accuracy,

whether chemotherapy would completely eradicate tumor

cells in 24 patients with early stage breast cancer treated

with neoadjuvant chemotherapy (paclitaxel followed

by 5-fluorouracil, doxorubicin, and cyclophosphamide;

T/FAC) [13]. These findings need to be validated in large-

scale clinical trials before a test to predict patients’ response

to chemotherapy could routinely be used.

Prediction of the therapeutic response to preoperative

chemotherapy in breast cancer based on gene

expression profiling

We are also carrying out analysis of gene expression with

DNA microarrays in order to be able to select the best

treatment for patients based on the gene expression profiles

of their tumors. In order to identify the gene set for the

prediction of therapeutic response, gene expression analy-

ses were performed using DNA microarray and quantitative

reverse-transcription PCR (Q-RT-PCR) (Fig. 1). DNA

microarray is an excellent experimental tool to analyze gene

expression comprehensively. While individual microarray

studies can be highly informative, there are inconsistencies

between various microarray platforms, making it difficult to

compare independently obtained data addressing the same

biological problem [14, 15]. Also, there are some problems

about dynamic range, accuracy, and universal use. On the

other hand, Q-RT-PCR is widely recognized to be the gold

standard method for quantifying gene expression. However,

studies using RT-PCR technology as a discovery tool have

historically been limited to relatively small gene sets

compared to other gene expression platforms such as

microarrays. For development of the prediction system with

high accuracy, verification by a method that we can analyze

more precisely is required. Therefore, our strategy is that we

first performed gene expression profiling of 21,000 genes by

DNA microarray for selection of candidate genes. Then,

differentially expressed genes were selected between the

drug resistant group and the drug sensitive group based on

DNA microarray data. Next, expression of selected candi-

date genes were quantified by Q-RT-PCR for confirming

the array data and increasing the reliability. Finally, we

narrowed the candidate genes down to establish a prediction

system based on RT-PCR data.

The scheme of identifying genetic markers for neoad-

juvant chemotherapy is shown in Fig. 2. Specimens were

obtained by core needle biopsy before treatment begins,

and pure populations of tumor cells were collected

by Laser Captured Microdissection (LCM). After RNA

extraction, gene expression analyses were performed using

microarray or real-time RT-PCR. In contrast, patients

receive the treatment of chemotherapy, and clinical
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Fig. 1 Gene expression analysis by microarrays and quantitative

RT-PCR. Patients are divided into two groups, responder (sensitive)

and non-responder (resistant), based on clinical and pathological

response. Differentially expressed genes were statistically selected

based on microarray data between responder and non-responder

group. Expression of selected genes was quantified in all cases by

real-time RT-PCR. Selection of the candidate genes for discriminat-

ing between non-responder and responder was based on the RT-PCR

data for establishment of a prediction system
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response is evaluated at completion of treatment. Further-

more, surgical specimens were examined to determine the

pathological response to chemotherapy. All clinical and

genomic data are entered into an integrated database and

analyzed for identification of predictive factors. We have

identified several sets of genes that predict patients’

response to several different types of neoadjuvant chemo-

therapy such as paclitaxel, epirubicine and docetaxel.

Before clinical application, independent validation of the

prediction system is required, and we have started a vali-

dation study for prediction of the therapreutic response to

preoperative paclitaxel on new cases. These kinds of

findings bring oncologists one step closer to being able to

select the most effective regimen for a particular

individual.

Functional screening system for chemo-sensitivity

related genes using transfection cell array

DNA microarray analysis is a revolutionary experimental

tool for analyzing gene expression comprehensively, and

gene expression profiling has created new possibilities for

the molecular characterization of cancer. A number of

microarray studies have reported a lot of candidate genes

for prediction of therapeutic response or clinical outcome.

However, there are not many clinically useful systems

showing that it is highly precise, because it is not easy to

identify true target genes by mathematical (statistical)

algorithms. Functional analyses for their characterization

of candidate genes are required.

Functional validation is usually accomplished in

molecular and cell based assays on a gene-by-gene basis,

creating a bottle-neck effect for the characterization of the

huge numbers of targets arising from genomics surveys

such as microarray. A recently described, cell-based

microarray system, the transfection cell array, paved a way

for the high-throughput gene analysis in the field of func-

tional genomics [14–19]. Transfection cell array (TFA)

enable the high-throughput transfection of a large number

of gene constructs and the detection of phenotypic changes

in living cells by the different gene constructs (Fig. 3). We

have designed the experiment for the construction of a

high-throughput functional screening system for identifi-

cation of chemo-sensitivity related genes using TFA.

In this study, candidate genes were chosen among

microarray data of the paclitaxel trial with the above-

described statistical selection for construction of the system.

siRNA for selected candidate genes were spotted onto slides

for preparation of transfection arrays and breast cancer cells

were seeded onto arrays and transfected siRNA for

knockdown of each candidate gene. After exposure with

several concentrations of paclitaxel, cell viability was

measured. To choose the chemo-sensitivity related genes on

the basis of functional analysis, we selected the gene which

affected sensitivity of the paclitaxel by knockdown. Then
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Fig. 3 High-throughput functional screening using transfection array

(TFA). TFA enables the high-throughput transfection of a large

number of gene constructs and the detection of phenotypic changes in

living cells by the different gene constructs. Nucleic acid such as

siRNA are printed together with transfection reagent on a glass slide.

Cells are seeded directly onto the slide for reverse-transfection. After

cell culturing, various detection assays can be performed. A process

can be divided into three steps, as array preparation, reverse

transfection and detection assay
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Fig. 2 Study of identifying genetic markers for neoadjuvant chemo-

therapy. We have combined the laser captured microdissection

(LCM) method with the microarray technologies. Tumor cells were

selectively collected by LCM to exclude most of the stromal tissues to

analyze cancer cells and assessed gene expression analyses. Clinical

and pathological responses are evaluated at completion of treatment.

Differentially expressed genes were selected for discriminating

between non-responder and responder
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we constructed the functional gene network (pathway) that

comprises known interactions derived from the database.

Furthermore, we selected additional genes related to the

pathway from each chemo-sensitivity related gene. Further

TFA analysis is performed to confirm the significance of the

constructed functional pathway.

Recent advances in our knowledge of cancer biology

have led to the development of therapies targeting specific

signaling pathways. Molecular targeting promises to

improve ability to predict who will respond by assessing

the state of these pathways in patients. We hope that these

functional analyses will provide rational strategies for

establishment of the prediction system with high accuracy

and identification of ideal targets for drug intervention.
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