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Final report: 

Title: Custom tailoring chemotherapy with erbB-2 

Summary: 
Identification and characterization of markers that predict response to specific therapeutic 

modality has been the major focus of this laboratory. The project focused on testing whether erbB- 

2 overexpression fits into that category. 

Recent CALGB study demonstrated the selective benefit from adriamycin dose 

intensification in erbB-2 positive patients. In addition, in vitro studies suggested that erbB-2 

positive breast cancers may be more sensitive to adriamycin containing regimen over others. We 

tested this hypothesis with the cases from NSABP trial B-l 1, where node positive patients were 

randomized between PF (L-PAM and 5-FU) and PAF (PF plus adriamycin). Blocks from 207 

cases were available for the study. 97 of them received PF and 110 received PAF. ErbB-2 

overexpression was found in 45 case (46.3%) in PF arm and 51 cases (46.3%) of PAF arm. 

ErbB-2 was prognostic overall based on Cox models controlling for treatment, nodal status, and 

age (p=0.051 for Disease Free Survival). On the other hand, there was no statistical evidence that 

treatment effect is different between erbB-2 negative and erbB-2 positive patients (p=0.36 for 

Disease Free Survival, based on tests for treatment-by-erbB-2 interaction using Cox proportional 

Hazards models, controlling for treatment, nodal status, age, and erbB-2 expression). 

The negative interaction of erbB-2 and estrogen receptor (ER) signalling has prompted us 

to focus on the latter marker initially. In order to examine the value of erbB-2 as a therapeutic 

response variable that predicts response to tamoxifen in breast cancer patients, we have examined 

937 cases of primary breast cancer from National Surgical Adjuvant Breast Project (NSABP) 

protocol B-14. 18% of the cases showed overexpression of erbB-2. The analysis of B-14 

showed no positive correlation between erbB-2 and survival outcome of the patients (p=0.3 for 

disease free survival, p=0.6 for overall survival). ErbB-2 did not predict response to tamoxifen. 

Multivariate analysis of with other factors indicate that %s-phase, tumor size, progesterone 

receptor, and nuclear grade are independent predictors of disease free survival. All but nuclear 

grade predict for survival. The benefit from tamoxifen in disease free survival was independent of 

those prognostic factors. Thus we have not identified a single factor that could predict response to 

tamoxifen for these node-negative estrogen receptor positive tumors. 

In order to identify novel markers that could be useful as a therapeutic response variable for 

tamoxifen treatment, we have focused on molecules involved in apoptotic process in breast cancer 



cells.Breast cancer cells and normal ductal epithelial cells which express the estrogen receptor 

(ER) undergo apoptosis upon estrogen withdrawal. This suggest the importance of estrogen in 

preventing apoptosis of estrogen receptor positive mammary ductal epithelial cells. For estrogen to 

suppress apoptosis it has to either repress molecular inducers of apoptosis and/or induce the 

expression of suppressor of apoptosis.  We have used the retroviral promoter trap U31acZ to 

identify estrogen regulated genes from breast cancer cells since such genes could have an 

important role in the regulation of the apoptotic process in breast cancer cells. Clones in which the 

U31acZ virus had integrated into genes which were either suppressed or induced by estrogen were 

identified. Beta-galatosidase reporter activity in 20 of 2000 clones mutated by U31acZ were 

inducible by estrogen while 3 in 2000 were suppressed.  Using this method, a novel estrogen 

repressed gene was cloned. The partial sequence of the gene is as follows: 

1 agggctgtgg gcctgtatct tgtttgctcg tcatcctgtc agtcattttt ttctttccct 

61 ttttttaaag acaaaatctg aacctagaaa caccgaagcc agagcaaaaa ctagatgcga 

121 atccactatt tgtgcgaccc 

On the other hand, 5'-flanking genomic DNA from one of the estrogen inducible clones showed 

100% sequence identity with bcl-2 DNA. Estrogen induction of lacZ in this clone was completely 

blocked by the antiestrogen ICI-164,3 84. Thus we identify bcl-2 as a candidate therapeutic 

response variable that predicts response to tamoxifen. 

The strategy we have developed could be useful in identifying genes regulated by hormones or 

growth factors. Clones in which genes inducible by estrogen are mutated by the U31acZ 

retrovirus could be useful in screening anticancer drugs as the reporter gene lacZ faithfully 

follows the pattern of regulation of the endogenous genes. 



Introduction: 

Treatment of breast cancer has been revolutionized through three important stages. First 

was the development of surgical techniques to remove breast cancer tissue which improved the 

survival of patients dramatically. Second stage was the use of systemic adjuvant therapy 

(tamoxifen for estrogen receptor positive tumors and chemotherapy for estrogen receptor negative 

tumors). The final revolution was the early detection through screening program. Even after these 

improvements in the diagnosis and management, we still did not obtain 100% cure of breast 

cancer. Instead, about 30% of early invasive breast cancer will still recur within 10 years after 

surgery and radiation (1). Additional systemic therapy will reduce this recurrence rate to about 

20%.   Thus only small subset of patients actually benefit from systemic therapy. This modest 

benefit brings significant dilemma for clinical practice. Focus of our lab has been to identify and 

test markers that predict response to systemic therapy. We have tested whether erbB-2 is a 

predictor of response to adriamycin and/or tamoxifen. Our early attention to erbB-2 as a potential 

marker for tamoxifen response stems from in-vitro studies that demonstrated negative interaction 

between estrogen receptor signalling pathway and erbB-2 pathway (2). In the latter report, 

activation of erbB-2 receptor signalling prevented estrogen induction of progesterone receptor. 

However, using samples from NSABP B-l 1 and B-14, we failed to see any impact of erbB-2 in 

adriamycin or tamoxifen response (vide infra). This finding has forced us to redirect our attention 

to other potential markers that will be useful as a predictor of tamoxifen response. 

One of the most important developments in clinical oncology in recent years has been the 

identification of apoptosis as a key process in cancer development and in chemotherapeutic action 

mechanism (3). We postulate that molecules involved in apoptotic pathway are potential candidates 

for therapeutic response variables. We have elected to use ER positive breast cancer cell line MCF- 

7 as a model system from which to identify and clone regulators and effectors of apoptotic 

process, since estrogen prevents their apoptosis (4). Estrogen deprivation of MCF-7 cells results in 

more than 50% of the cells undergoing apoptosis within 3 days in vitro and causes regression of 

xenograft in mice (5,6). Estrogen could achieve its protective function either through repression of 

cell death effectors or through induction of anti-apoptotic factors. 

As estrogen regulated proteins in MCF-7 cells may play important roles in cell survival and 

growth, we have attempted to clone genes that are regulated by estrogen. In addition to cloning 

such genes, we desired to tag them with a reporter in order to study their transcriptional regulation. 

Resulting cell clones would be useful in screening pharmacological modulators of cell growth and 

apoptosis. For these purposes, we have used the retroviral gene trap, U31acZ, described by Reddy 

et al (7). In this retrovirus, a promoter-less lacZ gene has been inserted into the U3 region of the 



long terminal repeat. The promoter-less lacZ reporter is randomly inserted into the genome with 

the help of retroviral transduction. Expression of lacZ reporter in the resulting mutated cell clones 

is strictly dependent on the transcriptional activity of the genomic insertion site. Once the cell 

clones of interests are identified, flanking genomic DNA can be cloned using Polymerase Chain 

Reaction. 



Body: 
I. ErbB-2 overexpression does not predict added benefit from adding adriamycin 
to conventional regimen in node positive breast cancer. 

Expression of erbB-2 protein in 207 cases of node-positive and ER negative breast cancer 

has been examined using immunohistochemical staining as described (8). These patients were 
subset of those enrolled into NSABP trial B-11 in which patients were randomized to receive PF or 

PAF after surgery. We hypothesized that only erbB-2 positive tumors will get additional benefit of 

adding adriamycin to the PF regimen. This hypothesis was based on CALGB data which 
demonstrated the selective benefit from adriamycin dose intensification in erbB-2 positive patients. 

Blocks from 207 cases were available for the study. 97 of them received PF and 110 received 

PAF. ErbB-2 overexpression was found in 45 case (46.3%) in PF arm and 51 cases (46.3%) of 

PAF arm. ErbB-2 was an independent prognostic factor based on cox models controlling for 

treatment, nodal status, and age (p=0.051 for Disease Free Survival). On the other hand, there was 
no statistical evidence that treatment effect is different between erbB-2 negative and erbB-2 positive 
patients (p=0.36 for Disease Free Survival, based on tests for treatment-by-erbB-2 interaction 
using Cox proportional Hazards models, controlling for treatment, nodal status, age, and erbB-2 
expression). Thus we failed to demonstrate the selective advantage of adding adriamycin in 

treatment of erbB-2 positive tumors. The study was not designed to test whether erbB-2 is a 

marker of drug resistance in general. 

II. erbB-2 does not predict response to tamoxifen for   ER positive node-negative 

tumors. 
Expression of erbB-2 protein in 937 cases of node-negative and ER positive breast cancer 

has been examined using immunohistochemical staining as described (8). This group of 937 

patients represented 35% of the entire study population. Detailed statistical analysis showed that 

this 937 cases are representative of the entire 2661 patients in the trial. Thus there was no bias in 
patient selection that could influence the analysis of the result. Although the 937 cases represent 

only 35% of the initial study population, this is the largest study ever performed for node-negative 
ER positive group of patients with unified treatment. In addition to erbB-2 staining, following data 
were available for analysis; histopathological parameters including tumor size and nuclear grading, 
progesterone receptor status, DNA ploidy and S-phase measurement by flow cytometry, and 
survival outcome. Flow cytometric data was available from 759 (29%) of the cases. Univariate 
analysis showed that there were no significant differences in either disease free survival (p=0.3) 
nor survival (p=0.6) according to erbB-2 status. Patients with high S-phase had worse survival 



(p=0.001). Results from multivariate analysis (Cox model) indicate that % S-phase, tumor size, 

progesterone receptor, and nuclear grade are independent predictors of disease free survival. All 

but nuclear grade predict for survival. However, benefit from tamoxifen therapy was evidenced in 

any subgroup examined including erbB-2, tumor size, and % S-phase. 

Thus we failed to identify any subgroup of ER positive patients that may not benefit from 

tamoxifen treatment. This data suggest that all ER positive node-negative tumors should receive 

tamoxifen, since there is no predictive marker for response. Furthermore, the need for predictive 

marker for tamoxifen response is realized from this study. 

III.    Gene trap identifies multiple cells clones in which potentially important 

estrogen regulated genes are trapped. 

In order to identify and clone genes that could be involved in the regulation of apoptotic 

process and could be used as therapeutic response variables, we have used U31acZ gene trap. As 

shown in figure 1, after infection of 10 million MCF-7 cells with U31acZ at a multiplicity of 

infection of less than one and G418 selection for the clones that contain proviral inserts, lacZ 

positive cells were enriched 10 folds by FDG-FACS (9), and approximately 2000 individual 

clones were randomly selected. At the time of cloning, replicas of individual clones were plated in 

96 wells in quadruplicate and expression of lacZ was examined by beta-D-galactopyranoside 

(X-gal) staining after treating with estradiol, partial antagonist tamoxifen, pure antiestrogen 

ICI-164384, or vehicle (11,12,13). LacZ regulation in positive clones was verified using the 

ortho-nitrophenyl-beta-galactopyranoside (ONPG) assay (14). 
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FIG. 1. Generation of gene trap clones regulated by estrogen 

METHODS. 10 million MCF-7 cells were plated in estrogen depleted medium (IMEM (Biofluid) with 

5% charcoal stripped calf serum (CCS)) containing lOnM ICI-164,384. 1 day after .cells were infected with 

U31acZ as described by Reddy (7). G418 selection was started 48 hours after infection at a concentration of 

400 ug/ml. Two weeks later, all surviving colonies were FDG-FACS sorted as described by Nolan (9). 

There was approximately 10 fold enrichment of positive cells as determined by X-gal staining of the 

colonies before and after sorting. The sorted cells were plated at cloning density in the presence of G418. 

2,000 colonies were randomly selected with cloning cylinder. At the time of cloning, cells were replica 

plated in 96 wells in quadruplicate and treated with vehicle alone, 10"^ estradiol, 10"7M 4- 

hydroxytamoxifen, or lCr7M ICI-164,384 for 3 days. Plates were fixed with 2%glutaraldehyde/0.2% 

formaldehyde for 15 minutes, washed twice with PBS and stained with X-gal. Clones with estrogen 

regulated pattern of staining were further expanded. Cells were then plated into three 100mm dishes in 

estrogen depleted medium, treated with vehicle alone, Kr9!*! estradiol, or 10"7M ICI-164,384, and lacZ 

enzyme activity assayed with ONPG assay using beta-galactosidase assay kit (Promega)(14). 5' DNA 

flanking the viral insertion site was obtained using the PCR In Vitro Cloning Kit (Takara) with the 

following nested primers for proviral sequence; 5'-cggaaaccaggcaaagc-3' and 5'-atcatcgcgagccatggtggcctc-3'. 

Sequence homology searching was done using NCBI WWW Blast Server (15). 
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Of the 2,000 individual G-418 resistant clones tested with X-gal staining assay, lacZ 

activity was induced by estrogen in 20, and inhibited by estrogen in 3 clones. 

IV.   Bcl-2 is an estrogen regulated gene in breast cancer cells 

In clone 134, lacZ activity is induced three to four fold by estradiol in a dose and time 

dependent manner (figure 2). This induction was completely blocked by co-incubation with 

antiestrogen (figure 2a). Thus, we concluded that the trapped gene in clone 134 is an estrogen 

inducible gene. 

Figure 2A Figure 2B 
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FIG.   2.   Regulation of lacZ reporter activity in clone 134. 

a) The antiestrogen ICI-164,3 84 blocks estrogen induction of lacZ activity in clone 134. 

The effect of estradiol with or without antagonist ICI-164,384 on lacZ reporter activity in clone 

134 was measured using the ONPG assay. Log molar concentration of estradiol is shown in the 

legend. ICI is 10-7M ICI-164,384. Error bars indicate standard errors from triplicate values, 

b) Time course of lacZ reporter activity by estradiol treatment in clone 134. After plating cells in 

100 mm dishes on day 0 in estrogen deprived medium, cells were treated with 1040M estradiol at 

varying time points. 

METHODS. Clone 134 was kept in MEM (Biofluid) with 10% fetal bovine serum (FBS) (Biofluid) until the 

time of experiments and plated on 100mm dishes in estrogen depleted medium. 24 hours after plating, cells were 

treated with vehicle alone (ethanol), or varying concentrations of estradiol. After 3 days treatment, cell lysates were 

obtained and the ONPG assay was performed as instructed by the supplier (Promega). The optical density (O.D.) at 

420nm was measured with Dynatek ELIS A plate reader and normalized for the amount of total protein in the cell 

extracts. For the time course experiment, cells were incubated in estrogen depleted medium for 5 days. At day 0, 

10"10M estradiol was added and cells harvested at each time point and assayed as above. 

Sequencing of the 5'-flanking DNA sequence from clone 134 obtained by polymerase 

chain reaction revealed a following sequence, 5'-AAT CAG CTA TAA CTG GAG AGT GCT 

GAA GAT TGA TGG GAT CGT TGC CTT ATG CAT TTG TTT TGG TTT TAC AAA AAG 

GAA ACT TGA CAG AGG ATC ATG CTG TAC TTA AAA AAT ACA A-3', that was 100% 

identical to published bcl-2 cDNA sequence, suggesting that the provirus inserted into the 5' 

untranslated region of bcl-2 gene at position +954 (16,17). This provides direct evidence that bcl- 

2 is an estrogen regulated gene. 

One mechanism by which estrogen may inhibit apoptosis is by increasing expression of 

Bcl-2. Peak of apoptosis in the mammary gland and endometrium during menstrual cycle 

coincides with low levels of bcl-2 and estrogen (23.24). Breast cancers that express ER tend to 

also express high levels of Bcl-2 (18-22). We postulate that estrogen induces the generation of 

more terminal ductules during the reproductive years by not only promoting growth but also by 

suppressing apoptosis. We further postulate that withdrawal of estrogen at menopause decreases 

the expression of bcl-2 and thus induces apoptosis. The isolation of Bcl-2 gene by the gene trap 
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U31acZ provides direct evidence that estrogen stimulates Bcl-2 expression in ER positive cells. 

ER expression in breast cancer is a predictor of response to antiestrogen therapy (25). 

Unfortunately, many ER positive breast cancer do not respond to antiestrogen perhaps due to the 

escape from normal estrogen regulation (25). Since bcl-2 is a marker of ER function, bcl-2 could 

be used as a predictor of response to antiestrogen therapy. This concept is supported by clinical 

data by Gasparini et al. (26). Thus, bcl-2 seems to be a therapeutic response variable for 

tamoxifen treatment as well as a indicator for the presence of functional estrogen receptor in the 

tumor cells. Its role in chemotherapy response awaits further studies. We have verified the 

potential of our gene trap method in identifying and cloning genes that are involved in apoptosis by 

identifying a clone in which bcl-2, an anti-apoptotic regulator, is trapped by U31acZ. 

in.    Cloning of a novel antiestrogen repressed gene. 

As shown in figures-, lacZ activity in a gene trap cell clone is repressed by estrogen and 

induced with ICI-164,384. 
100- 
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Anchor mediated PCR cloning of 5-DNA flanking retroviral insert resulted in a 350 bp product. 

Sequencing of this PCR product revealed hereto undescribed gene with sequence as follows; 

1   agggctgtgg gcctgtatct tgtttgctcg tcatcctgtc agtcattttt ttctttccct 
61   ttttttaaag acaaaatctg aacctagaaa caccgaagcc agagcaaaaa ctagatgcga 
121 atccactatt tgtgcgaccc 
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Full length cDNA cloning and examination of its role in apoptotic process and in endocrine and/or 

chemotherapy response is the current focus of this lab. 

Conclusion: 

I. Role of erbB-2 as a therapeutic response variable that predicts selective benefit from adriamycin 

could not be demonstrated using cases from NS ABP B-11. 

n. Role of erbB-2 as a therapeutic response variable for tamoxifen therapy could not be 

demonstrated using cases from NSABP B-14. 

HI. Gene trap U31acZ was used to demonstrate that Bcl-2, an anti-apoptosis regulator, is an 

estrogen regulated gene in breast cancer cells, which explains its role as a therapeutic response 

variable for tamoxifen treatment 

IV. Gene trap U31acZ was used to identify and clone a novel antiestrogen repressed gene. The 

mechanism of repression and the role of this gene in breast cancer need further study. 
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