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Introduction 

Genetic polymorphisms identified in phase I and phase II metabolic enzymes have been 

suggested to be associated with cancers of multiple anatomic sites (1-17). To date, the majority of these 

studies have involved epidemiological studies of polymorphisms at a single gene locus and the potential 

association of those polymorphisms with particular cancers(1-5,7,8,10-14,16-19); however, a few 

studies have examined the relationship between both phase I and phase II enzyme polymorphisms 

(6,9,15). Our purpose was to determine if allelic polymorphisms in CypIAl, CypIA2, CypIID6, GST 9, 

GST u, NAT-1, and NAT-2 are associated with differences in risk for the development of benign breast 

disease (BBD) and breast cancer and do these alleles and risks differ between ethnic groups? Since each 

of these polymorphic metabolic enzymes have been implicated as potential risk factors in the 

development of various forms of human cancers including lung, bladder, colorectal, and breast cancer, it 

is possible that all or most of these enzymes also play an important role in the etiology of breast cancer. 

The intention of this study was to develop one tube multiplex PCR-based assays to amplify the relevant 

loci which will then be analyzed by hybridization assays as well as gel-based procedures to identify the 

polymorphism present in a sample set of cases verses controls. 



Body 

Worldwide breast cancer causes about 400,000 deaths each year (20). In the United States it is 

the second leading cause of cancer related mortality among women, responsible for approximately 

46,000 deaths annually (21). It has been estimated that one out of every eight women in the United 

States who reaches the age of 85 will at some point in her life develop breast cancer (21). In 1995, this 

malignancy became the most common cancer diagnosed in New Mexico with 1,051 new cases 

diagnosed (22). In 1996, the latest year for which New Mexico data is available, that number grew 

slightly to 1,097 new cases remaining the most common site for malignancy in New Mexico (22). New 

Mexico's Hispanic (H) women have a lower breast cancer incidence rate than NHW women (73.7 per 

100,000 from 1993 to 1995) representing approximately 27% of the cases diagnosed in 1996; however, 

incidence and mortality rates spanning the late 1950's through the late 1980's document increasing 

breast cancer incidence and related deaths in this population of Hispanic women. This has been 

postulated to result from differences in ethnicity which may be accounted for by both genetic and 

cultural/behavioral variations. Of the three major ethnic groups in the state, American Indians have the 

lowest breast cancer incidence rates (42.1 per 100,000 from 1993 to 1995) representing approximately 

3% of the cases diagnosed in 1996. This study will provide an opportunity to examine and characterize 

genetic variations that may contribute to the observed differences in the incidence of breast cancer 

between these ethnic groups. 

Several factors including genetic disposition, dietary habits, endocrine and chemical influences 

as well as many others are suspected to play a role in the development of breast cancer (23). Recently, a 

considerable amount of effort has been directed towards defining potential functional polymorphisms in 

numerous enzymes involved in the metabolism of environmental carcinogens found in the diet, tobacco 



smoke and ambient air due to environmental or occupational sources(l, 23-25). Thus far, the best 

studied metabolic enzymes which may be associated with increased cancer risk include members of the 

cytochrome P450 family (CypIAl, CypIA2, CypIID6 and Cypl7), glutathione S-transferases class a,§,\\ 

and 7C (GSToc, GST()), GSTu, and GSTTC), and N-acetyl transferases 1 and 2 (NAT-1 and NAT-2). 

Functionally, the previously named enzyme families are divided into two groups known as phase I and 

phase II. Phase I enzymes include the cytochrome P450 family of oxidative enzymes which are 

generally involved in the conversion of a wide variety of compounds to reactive electrophilic 

metabolites. The phase II enzymes include both the glutathione S-transferases and the N- 

acetyltransferases which usually act as detoxifying enzymes. Genetic polymorphisms have been 

identified in both phase I and II enzymes and several studies have suggested that these allelic 

polymorphisms are associated with cancers of multiple anatomic sites(l-17). To date, the majority of 

these studies have involved epidemiological studies of polymorphisms at a single gene locus and the 

potential association of those polymorphisms with particular cancers(l-5, 7, 8, 10-14, 16-19 ,23); 

however, a few studies have examined the relationship between both phase I and phase II enzyme 

polymorphisms (6,9,15). Given that cancer susceptibility resulting from chemical exposure is likely to 

be determined by an individuals phenotype for multiple enzymes involved in both phase I and II 

functions, it is imperative that future studies examine a large spectrum of these polymorphic loci in 

order to adequately asses the risk of susceptibility to and potential interaction with environmentally 

induced cancer resulting from individual metabolic variation. 

Our purpose is to determine if allelic polymorphisms in CypIAl, CypIA2, CypIID6, GST 0, 

GST u, NAT-1, and NAT-2 are associated with differences in risk for the development of benign breast 

disease (BBD) and breast cancer and do these alleles and risks differ between ethnic groups? Since each 

of these polymorphic metabolic enzymes have been implicated as potential risk factors in the 



development of various forms of human cancers including lung, bladder, colorectal, and breast cancer, it 

is possible that all or most of these enzymes also play an important role in the etiology of breast cancer. 

The continuation of this study will provide for a complete identification of nucleotide variations within 

the targeted loci. This will allow accurate risk assessment for these specific genetic polymorphisms in 

patients diagnosed with BBD and breast cancer. In the Western United States and specifically the 

Southwest, Hispanic women have lower breast cancer incidence when compared to Non-Hispanic White 

women. 

In our original proposal, we intended to utilize samples collected in a prior case-control study. 

These samples were unavailable primarily as the result of a marked decrease in tumor size and thus 

correspondingly smaller specimens. Routine clinical testing exhausted tissue for many cancers, and 

pathology laboratories were increasingly reluctant to release the minute amount of tissue remaining from 

other cancers. This has provided us with the unique opportunity to identify and evaluate alternative 

sources of tissue samples. As a result, our work has experienced delays; however, we are in the process 

of obtaining samples through the New Mexico Women's Health Study. Thus far, a total of 497 of 1027 

women ascertained with incident breast cancer have completed baseline interviews including weight 

history, physical activity, dietary nutrient intake, reproductive history, family history, use of oral 

contraceptives and postmenopausal estrogens, and personal history of cancer. Approximately 85 percent 

of these had blood samples, anthropometry, and body composition examinations with dual energy X-ray 

absorptiometry. Additionally, approximately 42 percent of the current cohort have completed food 

frequency questionnaires (FFQs) providing more extensive dietary information. Table 1 shows the 

enrollment status of this study to date. 



Table 1 Patient enrollment status 

Non-Hispanic Hispanic Total 

Total Ascertained 778 245 1027 

Interview Completed 401 96 497 

Blood Sample Obtainec 337 77 414 

Anthropometry 350 76 426 

DEXA 339 75 414 

Food Frequencies 172 36 208 

Refusals 106 42 148 

Values listed do not total 1027 due to the following causes 
found ineligible for study after ascertainment, 3) physician 
unable to complete interview. 

1) inability to contact patient, 2) patien 
recommended no contact, 4) patient 

Experimental Methods 

Samples- Samples analyzed thus far have included archival tissues from 30 cases of invasive 

breast carcinoma and buccal scrapes from Hispanic (n=129; 69 cases of invasive breast cancer and 60 

controls) and non-Hispanic White (n=153; 73 cases of invasive breast cancer and 80 controls) women. 

Extraction of DNA from paraffin-embedded tissues- DNA was extracted from paraffin-embedded 

tissues by standard techniques developed in our laboratory (26). 

Extraction of DNA from Buffy Coats- Genomic DNA has been isolated from buffy coat 

specimens, for which whole blood is available, using the Puregene DNA isolation kit (Gentra Systems 

Inc.). Briefly, the buffy coat specimen is thawed on ice, RBC's are lysed and the corresponding white 

cell pellet is lysed using the kit cell lysis solution.  The white cell lysis solution is then digested with 



RNAse A and the proteins are precipitated using a protein precipitation solution. The sample is 

microcentrifuged and the supernatant containing the genomic DNA is ethanol precipitated. The DNA is 

washed with 70% ethanol, microcentrifuged, and the pellet is dried followed by a rehydration in 

Hydration Solution. Absorbances at 260 and 280 nm are taken to determine purity and concentration. 

Development and optimization of multiplex PCR-based assay- We have developed procedures 

for amplifying all of the relevant loci including NAT-1, NAT-2, GST JI, and GST 9. We have obtained 

control plasmids to facilitate the optimization of the cytochrome P450 locus and we began experiments 

to optimize multiplex PCR-based assays. 

Development and optimization of gel procedures using fluorescent primers and hybridization 

assays using biotinylated probes- Gel-based assays have been developed and optimized for standard 

primers for all of the loci previously mentioned. We have begun hybridization assays relevant to NAT-2 

and we present preliminary results later in this report. 

Phylogenetic computer analysis of related loci- Preliminary phylogenetic analysis has not yet 

provided the degree of insight we had hoped for. I have recently completed an academic course with the 

intent of becoming more familiar with the Genetics Computer Group (GCG) Wisconsin Package and we 

believe that this will facilitate our efforts in this approach. 

Key Research Accomplishments 

A multiplex PCR assay for NAT-1, NAT-2, GST ji and GST 0 was developed. The endpoint 

was gel-based and could be further developed for fluorescent detection. Assays were applied to 

DNA obtained from archival breast cancer tissues embedded in paraffin. In addition, buccal 

scrapes were obtained from breast cancer cases (69 Hispanic and 73 non Hispanic Whites) as 

well as controls (60 Hispanics and 80 non-Hispanic Whites) and these assays were applied. 



Reportable Outcomes 

By definition in the guidelines regarding the format of this report, we have no significant 

reportable outcomes. The activity was terminated before the end of the granting period. See the 

body of the report and previous reports for specifics. 



Conclusions 

We have thus far successfully optimized the procedures for detecting polymorphisms at NAT-1, 

NAT-2, GST n, and GST 9. In addition, we have analyzed a small case-control data set for NAT-2 

polymorphisms in which we assigned both simple and weighted acetylation scores based on biological 

assignments of acetylation phenotypes. Analyses have been conducted based on individual alleles 

present and extended haplotypes of the targeted polymorphisms. Analyses were stratified by smoking 

status, race, and inferred acetylation rate. Homozygosity and heterozygosity was considered and while 

statistical significance was not achieved, we have identified an apparent trend which suggests that the 

risk of developing breast cancer increases as acetylation rates increase in nonsmokers more so than in 

smokers. This observation most likely indicates that the risk of developing breast cancer in smokers is 

defined by factors other than polymorphisms in the NAT-2 locus. It is therefore imperative that further 

analysis including CypIAl, CypIA2, CypIID6, GST 6, GST u, and NAT-1 be conducted to clarify these 

observations regarding NAT-2 in hopes of gaining insight into the potential roles played by both phase I 

and phase II metabolic enzymes in the development of breast cancer. 

This study will provide an opportunity to examine and characterize genetic variations that may 

contribute to the observed differences in the incidence of breast cancer between the two major ethnic 

groups present in New Mexico. Through the identification of nucleotide variations, we will have the 

ability to identify potential risk and protective alleles that may act as genetic predisposing factors for 

breast cancer. This information may also contribute to our understanding of the basic biological 

processes involved in breast cancer development. Our preliminary results regarding the NAT-2 locus 

illustrate the necessity of examining genetic polymorphisms in both phase I and phase II metabolic 
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enzymes as NAT-2 polymorphisms do not appear to represent a risk for the development of breast 

cancer in smokers. 

During the course of the first twelve months of this graduate fellowship, I have completed the 

core course requirements for the Biomedical Sciences Graduate program as well as the Qualifying 

Examination and matriculated into Ph.D. candidacy. I am not permitted by my program to select a 

Qualifying Examination topic that is directly related to my current research interests; however, I was 

allowed to propose a study involving molecular epidemiology which both satisfied my examination 

committee and permitted me to gain a new appreciation for the power epidemiological methods provide 

in answering biological questions involving human disease. 
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