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4) INTRODUCTION 
A positive family history, present in about 30% of breast cancer cases, has been shown to double 
a woman's risk of breast cancer(l), and this is true for postmenopausal as well as the 
premenopausal cases, among which the autosomal dominant, relatively high penetrant genes 
BRCA1 and BRCA2 are most prominent(2). It has been hypothesized that susceptibility genes 
of lower penetrance are more prevalent than among the latter, and a likely group of such genes 
are those that regulate the production, intracellular transport, and metabolism of estrogen (3), the 
common factor underlying most known predictors of breast cancer risk (4) (5) (6). Recent 
reviews have identified several candidate genes (7) (8) (9). We have chosen to focus on those 
genes related to estrogen metabolism and carcinogen metabolism. 

In the estrogen metabolism pathway, four genetic polymorphisms have been described related to 
the CYP17 gene, the CYP19 gene, the COMT gene, and the HSD17B1 (or also called the 
EDH17B2) gene. For example, a polymorphism (called A2) on the CYP17 gene has recently 
been linked to higher endogenous estrogen levels and an earlier age at menarche (10). The same 
polymorphism was linked to increased risk of aggressive breast cancer, although one attempt to 
confirm this finding was unsuccessful 11). Genes related to carcinogen metabolism which have 
been linked to breast cancer risk include GSTM1 and PI and CYP1A1. These studies, however, 
have not been conducted with women known to be at high familial risk, where the prevalence of 
the polymorphism may be expected to be higher, if it is associated with the development of 
breast cancer. This study proposes to take advantage of a unique subset of very high risk women 
in whom cumulative exposure to endogenous estrogen may play an especially important role in 
breast cancer etiology. 

The identification of families to study these inherited genetic factors is more difficult because of 
the anticipated lower penetrance of the candidate genes and occurrence of more sporadic cases, 
especially among older women. The International Twin Study includes both breast cancer 
concordant and discordant identical twin pairs. The concordant MZ twin pairs represent families 
with a very high familial risk of breast cancer, while the MZ discordant twins are likely to 
represent non-heritable cancer. We plan to obtain DNA from subsets of these pairs as well as 
from control women without breast cancer (and without a family history of breast cancer) and to 
test for the genetic polymorphisms specified to determine if any are differentially associated with 
cases from twins with a high likelihood of heritable breast cancer (i.e. those from identical 
concordant pairs). This study should provide important clues regarding other genetic factors that 
may be associated with breast cancer etiology. Initial work on the project and the CYP17 
laboratory work was funded under a grant from the California Breast Cancer Research Project 
(CA-BCRP). 

A previous publication by the P.I. on epidemiological risk factors within the concordant for 
breast cancer identical twins, who are presumed to have a high genetic susceptibility, has 
indicated that factors associated with the onset of hormones at puberty may be especially critical 
(33) . The DNA from these twin pairs will be especially valuable in identifying additional 
genetic factors (and combinations of them) that may be related to breast cancer.   Other studies 
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have relied on family history of breast cancer to identify women at high genetic risk, however 
this method may not be able to select for combinations of genetic factors in which two or more 
genes interact to increase risk. In these circumstances, the genes may be derived from both sides 
of the family, neither with a family history for breast cancer. Identical twins with both having 
breast cancer represent a group with high genetic susceptibility regardless of family history. 
Furthermore, since they are identical genetically, they also offer the opportunity to study gene x 
environment interaction. From the recently published study (33), it appeared that the earlier the 
puberty occurred the higher the risk of first breast cancer in the pair. 

During the no-cost extension period we plan to increase the number of genetic factors studied 
using these twins with new high through-put technology that has recently become available at 
USC. Details are included in the section below under Task 4. 

5) BODY 
Technical Objectives and Work Accomplished in year 4: 
Task 1: To complete follow-up of female identical twin pairs with breast cancer (Months 1-18) 
1. Continue follow-up begun under CA-BCRP grant 
2. Hire Programmer, set up tracking database 
3. Continue to mail follow-up forms with return envelope to last known address of twins. Enter 

data from responses. 
4. Submit nonrespondent names to National Death Index. 
5. Submit names of nonrespondent twins not known to be deceased to TRW/ Experian to obtain 

updated addresses. Resend follow-up forms. 
6. Continue follow-up by phone calls, internet searches, and contact with relatives. 

It was previously reported that a data file was created from the International Twin Registry that 
selected all of the identical female twin pairs in which one or both members had been diagnosed 
with breast cancer. In total there are 1,491 identical pairs in this database and 1,199 of them 
were initially classified as discordant pairs, 263 as concordant, and 29 of uncertain concordance. 
A follow-up form was sent to all living members of all of the discordant pairs, and new breast 
cancers have been reported in the previously healthy twin of 62 of these pairs. Thus as a result of 
this information, there are now 338 concordant pairs and 1,153 discordant pairs. Follow-up 
efforts have consisted of mailing 1,883 follow-up forms to living twins in these pairs, and 1,029 
have been returned completed. 260 were returned by the post office and 478 were not returned 
by either the twin or the post office. Tracing efforts were implemented to locate the 
nonrespondents. Follow-up of all nonrespondents will continue using the National Death Index. 
(This component was funded under the CA-BCRP grant). 

Task 2: Identify new breast cancers and obtain medical record documentation and tissue blocks. 
(Months 6-20) 

1. When new breast cancer is identified, obtain medical consent form from twin or next of kin, 
and request records and tissue blocks from hospital 

2. Follow-up requests with hospitals 
5 



The goal of the study was to obtain genomic DNA from at least one member of 200 of the 
concordant pairs, from the case in 200 of the discordant pairs, and from 200 control women 
without a personal or family history of breast cancer. From a previous study, tissue blocks have 
been obtained from some of the breast cancer pairs (concordant and discordant). As a result of 
the follow-up effort, we have identified 62 previously discordant pairs in whom the unaffected 
member has developed breast cancer. Thus the number of concordant and discordant pairs has 
been adjusted to reflect the current status. 

To participate in the study, the eligible participants are sent a letter describing the study along 
with the informed consent documents. Our study manager then calls the twin to go over the 
informed consent with her over the telephone. Then if she agrees to participate and donate the 
required tissue to the study, she then signs the informed consent form and mails it back to us.. 

As of this time (8/2/04) the current numbers of MZ twins (and controls) in each subset with 
tissue and signed consent forms is the following: 

Concordant Discordant Controls 
Number identified and   169 
either has agreed to 
participate or is still a 
potential participant* 
DOD consent signed     136 
and tissue/buccal 
smear available 
(Number of above 

with buccal smear) 

Tissue available from 
earlier study (and still 
attempting obtain 
signed informed 
consent)* 
Additional cases who     21 
could be sent buccal 
smear kit 

(42, with 13 having 
both buccal and 
tissue) 
12 

892 

152 

** 

(20, with 8 having 
both buccal and 
tissue)) 
37 

137 

137 

(137) 

786 

*after elimination of refusals, and deceased cases with no available tissue. Reasons for refusal 
included not interested, and too busy as well as the language that the DOD requires us to include 
in the informed consent regarding 'POTENTIAL FOR COMMERCIAL DEVELOPMENT 
RELATED TO RESEARCH'. The P.I. however is planning to recontact some of the 'soft' 
refusals, send them a copy of the recently published New England Journal article (33) and 
emphasize the importance of the study. 
**this number increases with the addition of new cases 



We currently have tissue or buccal smears and signed DOD informed consents for 136 
concordant pairs, 152 discordant pairs and 137 controls. Due to difficulty in locating subjects it 
has taken more staff time than anticipated to obtain the current numbers and thus, we will 
complete the genetic analyses with these numbers of twins. We will still attempt to increase the 
number of concordant pairs in the study and convert some of the refusals. 

Task 3: Obtain buccal smears from living member of case pairs when blocks not available 
(Months 1-20) 

1. If tissue blocks are no longer available from either member of the case pairs and there is a 
living twin, send letter to obtain buccal smear. 

2. Send buccal smear kit and return mailing supplies and postage to these individuals. 

The procedures for obtaining buccal smears have been developed and kits have been assembled 
for this purpose. We are using Epicentre Technologies Master Amp Buccal Swab Brush. Two 
brushes are being sent to the selected cases (and controls) and they are asked to use one for each 
cheek. Once the swabs are returned to us they are being kept frozen until the laboratory analyses 
are done. To date we have collected buccal smears from 42 concordant pairs, 20 discordant pairs 
and 137 controls. 

Task 3: Identify 200 control women and obtain buccal smear and risk factor questionnaire from 
each of them 
(Months 1-20) 

1. Contact case pairs to obtain listing of unrelated breast cancer free potential control women 
selected from sisters-in-laws and friends. 

2. Randomly select a women from this list and mail introductory letter. 
3. Obtain buccal smear and risk factor questionnaire from each control woman through the 

mail. 

We have developed the protocol for selecting controls and this is working well. To date we have 
identified 137 controls and have obtained the buccal smear and short risk factor questionnaire 
from all of them. 

Task 4: Laboratory analysis of DNA from tissue and buccal smears to identify polymorphisms in 
the specified breast susceptibility candidate genes 
(Months 1-24) 

1. Finish CYP-17 analysis at Dr. Dubeau 's Laboratory. 
2. Extract additional DNA as necessary for the additional genetic tests. 
3. Do additional tests for CYP19, COMT, HSD17B1, GSTM1, GSTP1, and CYP1A1. 
4. Receive results and enter data into database. 
5. Store tissue for future genetic studies. 



We had some difficulties in this area have worked to resolve the problems. This caused some 
delay in completing the genetic analyses. During this time period technological advances have 
been made in doing genetic assays, and costs per assay have been reduced. These developments 
have provided the opportunity to expand the scope of the genetic analyses that can be done with 
the available funding.   We plan to do haplotype analyses of the genes (htSNPs) under study as 
well as continue to study the specific functional SNPs previously identified. In addition to the 
original genes we plan to other genes that have recently been identified has possibly being related 
to breast cancer susceptibility. These additional genes, listed in the table below include the co- 
activators AIB1 and pi60, IGF related genes including IGF-1 and IGFBP-3 which regulates the 
amount of IGF-1, ER and PR genes, the COX2 gene related to inflammation, GPR54 which is 
related to the regulation of gonadotropins affecting onset of puberty34, and CYP3A4*1B which 
plays a major role in testosterone metabolism and the high activity allele (i.e. CYP3A4*1B) may 
cause a larger drop in testosterone which may then increase the estradiol: testosterone ratio 
initiating the hormonal cascade that accompanies puberty35. 

Genes and number of SNPs to be assayed during no cost extension 

Gene Number htSNPs Number other SNPs       Total SNPs 
Original proposal: 
CYP1A1 9 
CYP19 36 
COMT 5 
HSD17B1 10 
CYP1A1 9 
GSTP1 9 
Additional genes: 
Ami 40 
P160 14 
IGF-1 27 
IGFBP-3 9 
CYP3A4 14 
GPR54 10 
ESRalpha 58 
ESRbeta 6 
PR 20 
COX-2 9 

1 
2 
1 
2 
1 
1 

10 
38 
6 
12 
10 
10 

41 
14 
27 
9 
14 
10 
58 
6 
20 
9 

Total 285 294 

The addition of the new genes plus the haplotype analyses will greatly expand the value of this 
study. We will include 10% duplicate samples in the assays to assess reliability of results. 



These assays will be done using the Illumina System under the supervision of Dr. David 
Vandenberg (biosketch included) which is described below: 

Illumina System Methodology 

GoldenGate™ Assay and BeadArray™ Technology 
Identification of multiple SNPs at the same time is performed using the GoldenGate™ 

Assay (Illumina, San Diego, CA). The assay utilizes a combination of the multiplexed 
oligonucleotide ligation assay (OLA) on genomic DNA (gDNA) and PCR amplification with 
universal primers. For each polymorphism, two allele specific oligonucleotides (ASO) are 
synthesized that contain 2 sequence motifs: common sequences at the 5' end for amplification of 
all targets (PI and P2) and sequences at the 3' end that match the locus adjacent to the 
polymorphism with the final base of each oligonucleotide incorporating one of the 2 polymorphic 
bases. In addition to the 2 allele specific oligonucleotides a locus specific oligonucleotide (LSO) 
is synthesized that contains 3 sequence motifs: at the 5'end is sequence adjacent to the SNP 
being evaluated, a locus specific region in the middle of the oligonucleotide to identify the locus 
(Address), and sequences at the 3' end for amplification of all targets (P3). During the OLA each 
allele specific oligonucleotide will anneal to the region next to the corresponding polymorphism 
and each locus specific oligonucleotide will anneal to the adjacent region downstream of the 
polymorphism. When the last base of each ASO matches the polymorphic base DNA ligase will 
ligate the ASO and LSO oligonucleotides together. If a mismatch occurs the ligation step will 
not occur. Since each locus is independent, a large number of simultaneous annealings can occur 
provided there is no interaction between the combined oligonucleotides. At present combinations 
of up to 1536 loci can be performed at once. Next, the ligated oligonucleotides are amplified 
using generic primers that recognize the common domains within the ASO and LSO 
oligonucleotides. A total of 3 primers are used to amplify all of the loci at once: 2 primers that 
are labeled with distinct fluorochromes and are complementary to the PI and P2 regions, 
respectively, for each ASO and 1 primer that is complementary to the P3 region of the LSO. 
Following PCR amplification of the ligation products, the products are denatured and hybridized 
to an array containing oligonucleotides with sequences complementary to the addresses used to 
mark each locus in the multiplexing reaction. The array contains approximately 50,000 
independent sites with each of the addresses being represented at least 8 times. The array is then 
read to determine the fluorescent signal present at each address (BeadArray Reader, Illumina). 
The current system uses a 96-well plate format to detect the genotyping reactions for up to 1,536 
assays at a time or 147,456 genotypes per plate. The robotics platform dedicated to the Illumina 
system is capable of processing at least 6 96-well plates per day for a throughput of over 800,000 
genotypes per day. Data from the BeadArray Reader is downloaded to a Laboratory Information 
Management System (LIMS) and the genotypes are determined using Autogenopipe (Illumina). 
Genotyped data is retrieved from the LDVIS database for analysis. 

Assay Design 
SNP design will be performed by Illumina from a list of SNPs provided to them for this 

project. The assay conversion rate for development of a successful assay from an identified SNP 
is approximately 97% when multiplexing 1,152 SNPs at a time and using "double-hit" SNPs 

9 



(Fan et al., 2003). Assuming a similar assay conversion rate for this study of known functional 
SNPs and HapMap identified SNPs we would expect 366 SNPs to work on the Alumina platform 
(97% of 378). Any SNPs that fail the Illumina design process will be analyzed using the 
TaqMan assay. 

Quality Control 
The Genomics Core Facility incorporates 2 levels of Quality control into all assays. 

Within the sample set a 5-10% blinded duplication of samples is created. Samples will be split 
and separate IDs generated prior to submitting the samples to the Genomics Core Facility. 
Results for an assay will not be analyzed if the duplicates do not have identical genotype and the 
cause for the discordancy (systematic or isolated) will be determined. A second level of QC is 
provided during sample setup. AU DNA samples are diluted and stored in 96-well plates prior to 
aliquoting of DNA into assay plates. Only 93 samples are added to each 96-well plate with the 
remaining 3 empty wells serving as negative controls for the assay and as a unique fingerprint for 
each 96-well plate. These unique fingerprint wells allow the Genomics Core Facility to identify 
plate flips, or errors in the creation of assay plates. 

References 

Jian-Bing Fan, Arnold Oliphant, Richard Shen, Bahrain G. Kermani, Francisco Garcia, Kevin L. 
Gunderson, Mark Hansen, Frank Steemers, Scott L. Butler, Panos Deloukas, Luana Galver, 
Sarah Hunt, Celeste McBride, Marina Bibikova, Todd Rubano, Jing Chen, Eliza Wickham, 
Dennis Doucet, Weihua Chang, Derek Campbell, Baohong Zhang, Semyon Kruglyak, David 
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Task 4 Data analysis (Months 18-32) 
1. Link data on genetic factors to other information from twins and controls including risk 

factor information and other tumor related information when available (e.g. ER positivity) 
2. Complete analyses of data to determine relationship of the specified polymorphisms to breast 

cancer susceptibility. 
3. Submit papers and reports. 

The assays will be completed in the next year and the results analyzed and submitted for 
publication. 

6) Key Research Accomplishments 
a. We have obtained DNA and signed consent forms for 136 concordant pairs, 152 discordant 

pairs, and 137 controls. 
b. DNA has been extracted from buccal smear samples. 
c. We have developed plans for conducting the genetic assays using the Illumina System and 

have expanded the number of genes being studied. 
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7) Reportable Outcomes—none at this time. 

8) Conclusions 
We will have somewhat fewer cases and controls than originally planned, but we will expand the 
number of genetic studies that we will do on the cases and controls that we do have. 
Specifically, at minimum we will have DNA from 136 concordant pairs, 152 discordant pairs and 
137 controls for a total of 425 samples. Nevertheless this should be sufficient to reach our 
research goals.   We earlier had some unexpected problems with the PCR assays for CYP17, 
finding some inconsistencies in repeated samples. Thus we have spent additional time 
investigating the reasons for the discrepancies. Part of the problem may lie in the quality of the 
DNA that we have to work with for some of the samples. As a result, we will include duplicate 
samples for 10% of the samples done with the Illumina system to insure accuracy. In addition 
for some cases with tissue blocks we also have obtained buccal smears (13 concordant pairs and 
8 discordant) and thus can compare the results of the two types of samples. Due to the clues from 
our recent publication regarding the importance of the puberty for the development of heritable 
breast cancer (33), we feel that this group of twins represents an extremely important and 
valuable group to study breast cancer susceptibility genes. 
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1992-1993      Postdoctoral Research Fellowship in Human Molecular Genetics, Stanford University, Stanford, 

CA 
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C. Other Support 

ACTIVE 

P30CA14089 Peter A. Jones (PI) 12/01/00-11/30/05 50% 
NIH/NCI 
Genomics Core Facility 

The major goal of this facility is to assist Cancer Center members in genetic (polymorphism/mutation) and 
epigenetic (DNA methylation) analyses using high throughput technology to enable them to determine 
cancer predisposition and progression. 
This project does not overlap with the proposed project. 

R01CA 43092 Ross (PI) 07/01/02-06/30/07 5% 
NIH/NCI 
Dietary Factors in the Etiology of Cancer in Shanghai 

The major goal of this research project grant is to assess the roles of genetics and dietary factors in the 
cause of cancer in a cohort of 18,244 middle-aged men in Shanghai, China. 
This project does not overlap with the proposed project. 

R01CA 74847 Ursin (PI) 01/01/99-12/31/04 10% 
NIH/NCI 
BRCA1, Oral Contraceptives and Hormonal Risk Factors 

The major goal of this project is to evaluate the association between oral contraceptive use, hormonal 
factors and BRCA1 among breast cancer patients. 
This project does not overlap with the proposed project. 

PENDING 

None 

OVERLAP 

None 
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