AD

Grant Number DAMD17-94-J-4260

TITLE: Identification and Genetic Mapping of Genes for
Hereditary Breast and Ovarian Cancer in Families Linked to BRCAl

PRINCIPAL INVESTIGATOR: Susan L. Neuhausen, Ph.D.

CONTRACTING ORGANIZATION: University of Utah
' ' Salt Lake City, Utah 84102

REPORT DATE: September 1998

TYPE OF REPORT:  ANNUAL

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited”

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

DTIC QUALITY INEPECTED 1




Form Approved

. REPORT DOCUMENTATION PAGE OMB No: 0704-0188

Public reporting burden for this of inf ion is esti d to average 1 hour per response, including the time for reviewing instru , ching existing d

23},’;5{'.’;?, 3??:-%3%’:‘;3‘5"5.52&3:’:\'3 sSug o;ti:r?:d for ra'duci;\'gatags'burdan i) Wasr;.'n x' n H .d‘ rt : S Selnd’ Direct: ls(r a?aldlin’g lﬁ:‘ ‘bm‘(’?g‘og:'li::a‘:; 3;'"5"; 00:2?1 as“:cstou;‘f'?r‘\isg'
] . ington Headquarters Servicas, Diractorats for Informatio orts,

Davis Highway, Suite 1704, Arllnglon,%A 22202-4302, and to the Offics of Mana%emom av?d Budget, Paperwork Reduction Projact (67'&8??5)‘,’%:&;:»‘;3&, [>[o4 %ogo.éo.ffcrsnn

A

1. AGENCY USE ONLY (Leave blank) |2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
September 1998 | Annual (22 Aug 97 - 21 Aug 98)¢
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Identification and Genetic Mapping of Genes for __ | —DAMD17-94-J-426Q .
Hereditary Breast and Ovarian Cancer in Families Linked _. e e e,
to BRCAI e
6. AUTHOR(S)
Susan I.. Neuhausen, Ph.D
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
University of Utah REPORT NUMBER
Salt Lake City, Utah 84102 -
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
U.S. Army Medical Research and Materiel Command AGENCY REPORT NUMBER
Fort Detrick, Maryland 21702-5012

19990323 114 -

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

| £ bl 1 T bt i Limited

13. ABSTRACT (Maximum 200 Tpy pursuing our aims to characterize BRCA2, we continue to screen for BRCA2

mutations in 40 high-risk breast cancer families. With 85% of the coding sequence examined, we have
identified one missense mutation and several polymorphisms. A search for large deletions and/or
rearrangements in BRCA2 in 10 families detected no variants. We are now performing long-range PCR
across the gene to confirm those results. In characterizing BRCA2, we found no difference in prognosis
between mutation carriers and breast cancer patients with no known mutations, even though the carriers
have worse prognostic indicators than the controls. A second study found that oral contraceptive use
reduced ovarian cancer risk by 50% in BRCA1 and BRCA2 mutation carriers. A study of recurring
BRCA2 mutations, determined that they likely were founder mutations as there was no evidence for
multiple origins for identical mutations. Our results were also consistent with previous reports of an
ovarian cancer cluster region in BRCA2, and in this region, breast cancer cases had a significantly older
mean age at diagnosis than seen outside the region. An examination of the role of the founder I11307K
APC mutation on occurrence of breast cancer in Ashkenazi Jewish women found the association largely
limited to those with either a BRCAI or BRCA2 mutation.

14. 'SUBJECT TERMS _ proast Cancer, BRCAL, BRCAZ, mutation 15. NUMBER OF PAGES

haplotypes, risk of cancer . , 9
16. PRICE CODE

17. SECURITY CLASSIFICATION |18. SECURITY CLASSIFICATION |19. SECURITY CLASSIFICATION |20. LIMITATION OF ABSTRACT]

OF REPORT OF THIS PAGE OF ABSTRACT

1 { fied Unclassified Unclassified Unlimited

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prascribed by ANS! Std. 239-18
298-102



FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for limited
distribution is quoted, permission has been obtained to use the
material.

Citations of commercial organizations and trade names in
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
organizations.

In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals, " prepared by the Committee on Care and use of Laboratory
Animals of the Institute of Laboratory Resources, national
Research Council (NIE Publication No. 86-23, Revised 1985).

V// For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.

In the conduct of research utilizing recombinant DNA, the
investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DNA Molecules.

In the conduct of research involving hazardous organisms,
the investigator(s) adhered to the CDC-NIH Guide for Biosafety in
Microbiological and Biomedical Laboratories.

Jua M/%M&r\, 1-/8- 715’

PI - Signature Date



TABLE OF CONTENTS
Annual Progress Report

DAMD17-94-J-4260
August 22, 1997 - August 21, 1998

Front Cover . ... i it e e e
SF 298 - Report DocumentationPage . ... ...................
Foreword . ... .. e e e e

Table of CoNtentS . . . v v v i it e e e s et e e e e e et e e e e e

Page 4




Annual Progress Report
Grant DAMD17-94-J-4260
Period: August 22, 1997-August 21, 1998

Introduction

Hereditary breast cancer is believed to account for up to 10% of breast cancer. We isolated
BRCAI in 1994. We and our past collaborator on this grant localized BRCA2 in 1994, and our
collaborator isolated BRCA2 in 1995, thus accomplishing the initial goal of this grant. The
current aims are to continue to identify mutations and to characterize BRCA2. Since the time
when BRCAI and BRCA2 were isolated, we and others have devoted much effort and time to
identify mutation carriers and collect epidemiological and family history data. Currently, there
are a large number of mutation carriers available for study, so that we and other researchers can
investigate the roles of specific mutations in age-specific penetrance and occurrence of other
cancers, evaluate other low penetrant genes which may modulate penetrance and expressivity,
and assess the effects of preventative measures on the risk of developing breast and ovarian
cancers.

Body {

Our goals for the previous year were to 1) identify mutations in BRCA2 which are due to
rearrangements or large deletions; 2) examine tumors from familial breast cancer cases and
obligate carriers to assess frequency of loss at BRCA2 versus BRCAI; 3) continue to identify
additional mutation carriers within our BRCA2 families for use in epidemiological studies of risk
factors for BRCA2 mutation carriers; 4) continue to examine shared haplotypes; and 5) screen
our families with no BRCAI or BRCA2 mutations for putative candidate loci for BRCA3.

Aim 1: To identify mutations in BRCA2 due to large deletions or rearrangements.

Last year at this time, we had just constructed a restriction map of the entire BRCA2 gene by
using published BRCA2 sequences in Genbank and identifying restriction sites. We had selected
five restriction endonuclease enzymes and designed 14 probes for examining Southern blots of
DNAs from families linked to BRCA?2 for which no mutations had been identified after
sequencing of the entire coding region. In addition to the 5 initial families, we included samples
from 5 Utah families and from 4 families from our previous collaborator on this grant, Mike
Stratton at ICRF. Unfortunately, Dr. Stratton was only able to send 10 ug of DNA per sample, so
that his samples were only examined with one restriction enzyme. We had many technical
difficulties trying to make the probes with a sufficiently high radioactivity count in order to
detect the signal on the Southern blots. We identified what appeared to be aberrant bands for
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several individuals on different restriction enzymes using different probes. However, we did not
identify any consistent variants that were present either with two different restriction enzymes or
with two different probes as would be expected if the variants were due to a deletion or
rearrangement. The result was that we did not detect any large deletions (> 1 kb) or
rearrangements.

We have just begun a project to reexamine these individuals using long-range PCR of 15 kb
overlapping fragments spanning BRCA2. We are also trying to obtain additional blood samples
in order to extract RNA, make cDNA, and then examine the cDNA for deleted exons or
unspliced introns. To detect loss of transcript for an exon, we will compare cDNA to genomic
DNA at 7 polymorphisms within BRCA2. A positive result will be that the genomic DNA is
heterozygous at the polymorphism and the cDNA product is either homozygous or one allele is
of reduced intensity. By examining a series of polymorphisms at different positions in the gene,
we may be able to determine that there is a transcript that it is truncated or contains a deletion,
based on cDNA heterozygous for a polymorphism in one exon and homozygous for.an
informative polymorphism in another exon. We will also amplify the cDNA using primers
which span exons to look for smaller fragment sizes than expected which would indicate deletion
of an entire exon.

Another approach for detecting deletions is to examine parent-offspring to look for unequal
transmission of alleles suggestive of hemizygous individuals. At the time, we had only identified
two common polymorphisms in the gene. As we have screened for BRCA2 mutations (see Aim 3
below), we have identified several other polymorphisms. We will examine five families with 5
additional polymorphisms in order to detect hemizygotes.

Aim 2. To examine tumors from familial breast cancer cases and obligate carriers to assess
frequency of loss at BRCA2 versus. BRCAI

We have just recently had slides cut from paraffin-embedded tissue blocks from 10 mutation
carriers and had the pathologist identify non-admixed areas of tumor and normal tissue. As part
of this aim, we became interested in examining tumors from Hodgkins lymphoma cases who
later developed breast cancer. As BRCAZ2 interacts with RADS1, it may be that BRCA2 mutation
carriers are more sensitive to radiation and therefore develop breast cancer. We are currently
examining 10 Hodgkins cases with breast cancer and 10 controls for loss of heterozygosity
(LOH) at BRCA? using a set of 5 polymorphic markers which flank the gene. LOH would give
us an initial indication that a mutation in BRCA2 might be involved, prior to expending the time
and cost to screen for mutations. This aim will be accomplished during this last year of funding.

Aim 3. To continue to identify additional mutation carriers within our BRCA2 families for
use in epidemiological studies of risk factors for BRCA2 mutation carriers

a. Identifying BRCA2 mutations in additional high risk breast cancer families.
As part of expanding our set of BRCA2 female mutation carriers, we have continued to look for
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mutations in BRCAZ in high risk breast cancer families for which no BRCA1 mutations have
been identified. We have been examining one individual with breast or ovarian cancer from 40
families by single strand conformational analysis (SSCA). In order to screen all the coding
regions and intron/exon boundaries with overlapping amplicons, 75 primer pairs were made. We
have screened for mutations in 85% of the amplicons and have identified only one missense
mutation a Ser2533Cys. We are currently examining this mutation in a set of 100 unrelated
controls to see if it is a rare polymorphism. We will finish screening the remaining amplicons
during this last year of funding.

b. Further expansion of families.

We have focused on obtaining up-to-date questionnaires from female BRCA2 mutation carriers
and now have a set of 39 entered into the database. We are still trying to extend these families,
and enrolled an additional 11 females in the previous year.

¢. Collaborative studies with BRCAI and BRCA2 mutation carriers.

In two studies, using only a subset of our BRCAI and BRCA2 mutation carriers, we examined the
response to radiation therapy and prognosis (Gaffney et al., 1998) and examined pathobiologic
characteristics of hereditary breast cancer (Lynch et al., 1998). We found that there was no
difference in prognosis between mutation carriers and breast cancer patients with no known
germline mutations (Gaffney et al., 1998), even though mutation carriers presented with higher
nuclear grade, had increased expression of DNA topoisomerase II-alpha, lacked hormone
receptors, and were more likely to have mutations in p53 (Lynch et al., 1998).

In a collaborative case-control study of 207 women with ovarian cancer due to BRCAI or BRCA2
mutations and 161 of their sisters, we examined the effects of oral contraceptive use on risk of
ovarian cancer (Narod et al., 1998). The adjusted odds ratio for ovarian cancer associated with
any use of oral contraceptives was 0.5 (95% confidence interval, 0.3-0.8). The risk decreased
with increasing duration of use; when used for six or more years there was a 60% reduction in
risk. Other collaborative projects are still ongoing, including to evaluate hormone metabolizing
genes which may modify age-specific penetrance, to determine if there is a reduction in risk of a
contralateral breast cancer following tamoxifen treatment for the first breast cancer, to assess if
prophylactic oophorectomies protect against breast cancer, and to examine risks of other cancers
in only BRCA2 mutation carriers.

Aim 4: To examine shared haplotypes

During the last year, we have continued to examine founder mutations. The 11307K APC variant
was found to occur in approximately 6% of Ashkenazi Jews. In a collaborative study, we
examined the role of this mutation on occurrence of breast cancer in Ashkenazi Jewish women
by determining the frequency of this variant in a set of 632 women with primary invasive breast
cancer and a set of 146 familial breast cancer cases (Redston et al., 1998). We concluded that the
effect of the I1307K allele on breast cancer risk was largely limited to those with either BRCAI
or BRCA2 mutations.
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As reported last year, we were in the process of examining 9 recurrent BRCA2 mutations in 111
families in order to determine whether there was a common founder for each mutation, to
estimate the age of the mutation, and to compare mutations to examine mutation specific
phenotypes (Neuhausen et al., 1998). Ten polymorphic markers spanning a distance of 6 cM
around the BRCA2 gene were used to establish genotypes and subsequent haplotypes for each set
of samples. Only those mutations (six) for which there were five or more families could be
analyzed. We estimated that six mutations arose from 400-2,000 years ago. There was no
evidence for multiple origins of identical BRCA2 mutations. Our study data were consistent with
the previous report of a higher incidence of ovarian cancer in families with mutations in a 3.3 kb
region of exon 11 called the ovarian cancer cluster region (OCCR). When the age at diagnosis
of the breast cancer cases was examined by OCCR, cases associated with mutations in the OCCR
had a significantly older mean age at diagnosis than was seen in those outside this region (48
years versus 42 years).

Aim 5: Progress in examining other putative genes predisposing to breast cancer:

We genotyped 122 DNA samples from 11 families to analyze linkage for putative candidate
regions and genes. The candidate chromosomal regions to be analyzed for linkage included 8p,
11pl15, 11g13 and 11922, 15q14, 16q22-24, 18q11-13, 20q13, 22, and the candidate genes
include the progesterone receptor, BCSC1, DAB2, e-cadherin, and PTEN/MMAC. There was no
evidence for linkage to 8p. The other data have not yet been analyzed but the genotypes have
been generated and checked. The analysis will be completed during this final year of funding.
Unlike BRCAI and BRCA2 where there are specific phenotypes associated with each gene, e.g.
ovarian cancer and breast cancer for BRCAI and male and female breast cancers for BRCA2, no
phenotype with which to stratify families has been identified. It may be that localization of
additional breast cancer genes will need to await more knowledge of genes which interact with
BRCA1I and BRCA2 or a larger set of families.

Conclusions:

As demonstrated by our five publications last year, we have continued to make progress in
characterizing and examining BRCA2. However, there are many more interesting facets to
explore, with projects still on-going in this last year of funding. Results from studies of
phenotype-genotype correlations; of breast cancer risk associated with hormonal factors including
variants in hormone-metabolizing genes, oral contraceptives, and prophylactic surgeries; and of
prognostic indicators can be used to target specific areas of BRCA2 for basic biology research.
Better understanding of BRCA2 should allow for development of better therapeutics and
preventative measures, as well as for more accurate individual cancer risk assessment for women
at high risk to develop cancer.
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