AD

GRANT NUMBER DAMD17-96-1-6033

TITLE: Representational Difference Analysis of Human Breast
Cancer

PRINCIPAL INVESTIGATOR: Scott E. Kern, M.D.

CONTRACTING ORGANIZATION: Johns Hopkins University
Baltimore, Maryland 21205-2196

REPORT DATE: July 1997
TYPE OF REPORT: Annual

PREPARED FOR: Commander
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.

SPECTED 8
DTIC QUALITY IN

19970925 (056




- REPORT DOCUMENTATION PAGE gy
OMB No. 0704-0188
Public reporting burden for this collection of inf ion is estimated to average | 1 hour per Tasponse, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing ths f Send rsgardlng this hurden estimate or any other aspect of this
coliection of information, including suggestions for reducmg this burden, to Washi ters Services, Di for ions and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and te the Office of Msnagsment and Budget, Paparwork Reduction Project (0704- 0188) Washington, DC 20503.
1. AGENCY USE ONLY {Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
July 1997 Annual (1 Jul 96 - 30 Jun 97)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Representational Difference Analysis of Human Breast Cancer
DAMD17-96-1-6033

6. AUTHOR(S)

Kern, Scott E., M.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER
Johns Hopkins University
Baltimore, Maryland 21205-2196

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
504 Scott Street
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

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

Approved for public release; distribution unlimited

13. ABSTRACT (Maximum 200 words)

The finding of homozygous deletions has been useful in localizing new tumor-suppressor
genes and identifying the involvement of known suppressor genes. Four major approaches can
identify homozygous deletions: a candidate gene approach where losses of a particular sequence are
sought, a candidate positional search where a genome scanning strategy utilizes spaced markers, a
candidate locus where markers of a known homozygous deletion of one tumor system are used to
specify a region for investigation in a second tumor type, and an unbiased approach such as the
representational difference analysis (RDA). Approaches utilizing RDA, candidate genes, and
candidate loci in breast cancer are currently under investigation by our group. Using the candidate
gene approach, a homozygous deletion of the DPC4 gene was identified within a breast cancer cell
line. This suggested the involvement of this TGF-3-like pathway in breast cancer, and has
stimulated the analysis of other candidate genes that may be potential members of this pathway.
This approach, as well as the RDA and candidate locus methods, will contribute to our
understanding of homozygous deletions and the suppressive pathways involved in this cancer.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Breat Cancer 10
Homozygous deletions, DPC4, TGF-3 16. PRICE CODE
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION OF THIS [19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) USAPPC V1.00

Prescribed by ANSI Std. Z39-18 298-102




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 (NIH Publication No. 86-23, Revised 1985).

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

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

s# 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.

N

PI - Signature Date




Table of Contents

Front cover

Report documentation page
Foreword

Table of Contents
Introduction

Body

Conclusions

References

Appendix

6-8

10

None




Introduction

A rational approach to the diagnosis and treatment of breast cancer should be enabled
through the understanding of precisely how the cancer cells differ from normal cells. The most
definitive and most basic means to accomplish this lies in the definition of the genetic
mutations which distinguish the DNA of cancer from that of normal cells. Currently, very few
tumor-suppressor genes are known to be mutated during the growth of human cancers, and the
role of most putative proto-oncogenes has remained unclear. The reasons are rather
straightforward. The identification of tumor-suppressor genes has largely depended on the
identification of deletions, but most losses and gains of chromosomal material in adult tumors
involve very large chromosomal areas, limiting the ability to specify the target gene.

A new and powerful technique termed the Representational Difference Analysis (RDA)
is especially geared toward identifying genetic deletions, amplifications, and rearrangements
regardless of their size. For the first time, a procedure readily allows the definition of the
smallest genetic lesions, those which should more rapidly aid the discovery of key genes. We
have already shown the utility of this approach, defining a candidate subregion of BRCA2, 24-
fold smaller than the initially reported region (1,2). For this IDEA grant, we proposed to
explore the use of RDA in breast cancer to identify small homozygous deletions and
rearranged DNA fragments.

Additional approaches are now available as well, and the cooperative use of these
techniques promises to considerably accelerate the speed of new discovery. One approach is
the use of the newly available closely-spaced markers throughout the genome to perform
genome-scanning for homozygous deletions, which unlike RDA can be targeted to regions of
special interest. Also available is the identification of new candidate genes and signaling
pathways which provide markers to test specific hypotheses about potential new tumor-

suppressor sites in cancer.




Body
Methods

Procedures of the representational difference analysis (RDA) were performed
essentially as described by Wigler and colleagues, as modified by our laboratory (1, 3)(below).
PCR assays to detect homozygous deletions were performed as described by us (1, 2, 4). An
assay for the presence of the STS (sequence-tagged site) is used to test the original genomic
DNAs for the absence of template in the neoplasm; a negative result in the tumor thus is
considered to indicate a presumptive homozygous deletion. Confirmation of the homozygous
deletion is done by testing of a second nonoverlapping STS.

Briefly, RDA is performed as follows. Amplicons are generated by restriction
endonuclease digestion of genomic DNA, followed by the ligation of PCR anchors to each 5'
end to serve as primer sites for "whole-genome PCR". When used to clone deleted fragments,
the driver amplicon is generated from xenograft or cell line DNA, the tester amplicon from
normal DNA. When used to clone sites of rearrangement, the driver amplicon is generated from
normal DNA, and the tester amplicon from xenograft or cell line DNA. One or both
amplicon(s) is size-fractionated on an agarose gel to isolate the smaller fragments, in order to
ensure the reduction of genome complexity. The anchor primers of the tester amplicon are then
removed and replaced with a second primer site, to allow the selective amplification of tester
DNA in later steps. The amplicons are mixed together, with a vast excess of driver amplicon
(500 ng vs. 40 ug) present as a saturated solution (5 ul total). The DNA mixture is melted by
boiling and allowed to anneal. Unannealed (single-stranded) tester and driver DNA is degraded
by mung bean nuclease. Homohybrids of tester DNA are selectively and exponentially

amplified by PCR. This constitutes one round of RDA. Subsequent rounds of RDA start with




replacement of the anchor primers, and use increasingly smaller ratios of tester to driver
amplicon in the hybridization, always with driver DNA in saturated solution. For amplicons
generated with BamHI or BgllI, two to three rounds are sufficient to produce distinct bands
when the difference product of the round is evaluated on agarose gel electrophoresis.

Samples for RDA analysis included two breast cancers of patients of the Johns Hopkins
Hospital, propagated as xenografts in nude mice and stored frozen. Normal tissues of each
patient were snap frozen, and served as control normal tissue. Twenty-three cell lines available
from the ATCC (American Type Culture Collection) were grown in tissue culture. DNA was

extracted from xenografts, human tissues, and cell lines using standard techniques.

Results and Discussion

RDA was initiated on the two xenografts of human breast cancer. We initially had
difficulties with the RDA of one of the samples, while the other appeared to give adequate
amplicons. We determined that a technical barrier could be produced by the presence of single-
stranded DNA within the starting material. DNA prepared from additional xenograft tissue of
this case proved adequate for use, and contained minimal amounts of single-stranded DNA.
Rounds of RDA were successfully performed, and characterizations of the RDA products are
underway.

An opportunity presented itself to rapidly survey for additional homozygous deletions at
anovel locus not known at the time of the initial grant application. We had identified a novel
tumor-suppressor gene in pancreatic cancer, DPC4, which is at chromosome 18q21.1 (4). A

major mechanism of its inactivation was by homozygous loss in tumors. A survey of the 23




ATCC cell lines for sequence changes and homozygous deletions of DPC4 was undertaken.
The MDA-MB468 cell line was found to have a homozygous deletion of DPC4 (5). This
suggested the involvement of the DPC4 pathway in breast cancer, presumed to involve a TGF-
B-like signaling pathway involving cell surface receptors, SMAD proteins (such as DPC4, that
mediate such signals in both invertebrates and vertebrates), and the activation of transcription
of genes in the nucleus. With this lead, the status of a number of TGF-3 superfamily receptors
was targeted for homozygous deletion screening and sequence analysis. This survey of TGF-3
superfamily pathway candidate members is underway.

Homozygous deletion loci, identified from studies of other tumor types but where the
gene target had not yet been specified, were increasingly shown to be important in the study of
breast cancer. The PTEN gene, for example, has its highest rate of homozygous deletions in
gliomas, but homozygous deletions also occur in breast cancer. We have extended our studies
of breast cancer to include high resolution genome scanning of candidate loci at such sites

identified from other tumor systems.




Conclusions
Novel tumor-suppressor genes continue to be identified in breast cancer through the
study of homozygous deletions. This approach, to identify homozygous deletions in breast
cancer and to screen breast cancers for candidate sites of homozygous deletions, appears to be
one of the more efficient means to discover novel and important regulatory systems that are

impaired in human breast cancers.
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