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INTRODUCTION 

Cancer is a disorder brought upon by the accumulation of specific mutations in 
the cancerous cells. Our understanding of the disease, and potentially its diagnosis and 
therapeutic treatment, is enhanced by defining the genetic lesions that cause it. 
Representational difference analysis, or RDA, was developed to do just this. RDA is a 
DNA subtraction methodology that finds sequences present in one DNA population, 
the tester, that is absent or reduced in a second, the driver (1, 2). To do this we make 
representations, called amplicons, of the genomes we wish to compare. An amplicon 
consists of the small amplifiable fragments that result after a genome is digested with a 
given restriction endonuclease. RDA has been used to discover sequences lost or 
amplified in the genomic DNA of the cancerous cells (3). Genetic loss and gene 
amplification are hallmarks of tumor suppressor genes and oncogenes, respectively. 
We have been applying RDA to the discovery of sequences lost in breast cancer. 

RESULTS 

The application of RDA to cancer requires the availability of matching tumor and 
normal DNA from the same individual, as otherwise the cloning of DNA 
polymorphisms results. The vast majority of available tumor material is not provided 
with accompanying normal cell samples. However, all tumors contain normal stroma. 
Since many tumors are aneuploid, we have chosen to apply RDA to tumor biopsies that 
can be sorted by flow cytometry into aneuploid (tumor) and diploid (normal) nuclei. 
Our studies have confirmed the utility of samples prepared in this way (3). 

To date a total of about 550 human breast cancer biopsy samples have been 
obtained from collaborating hospitals. These include about 200 from Sloan-Kettering 
Memorial Hospital, about 150 from the Cooperative Human Tissue Network, about 150 
from North Shore University Hospital, and a smattering from local medical centers. 
DNA content analysis by flow cytometric techniques have been performed on all of 
these samples. Of the samples analyzed nearly 200 have been sorted into diploid and 
aneuploid fractions. DNA has been prepared for RDA from some of these sorted 
fractions. 

Using DNA samples isolated from aneuploid (tumor) nuclei and diploid 
(normal) nuclei, fractionated by fluorescence-activated cell sorter from breast cancer 
biopsies, about twenty pairs of normal and tumor DNAs have been subjected to RDA. 
Many candidate probes have been isolated and we are at various stages of analysing 
these. 

The results for probes mapping to 3p21 were described in last year's report. This 
locus is identical to the FHIT locus identified by Ohta and coworkers (4). We find that 
this region can undergo rearrangement without perturbing the structure of the 
transcript they describe (5).   We are employing techniques of exon tropping (6) to 



identify other candidate transcripts from this region, and will test these for functional 
loss coinciding with genetic rearrangements. Similar work on the 20pll locus, 
described last year, has so far failed to reveal bonafide transcripts altered in cancer. 
Both the 3p21 and 20pll loci were identified by examination of gastrointestional 
cancers, but are also rearranged in some breast cancers. 

Most of our effort has gone into the characterization of new probes that detect 
genetic losses in breast cancers from fractionated biopsies. Over 1000 products from 
RDA have been examined. These are first characterized by size and restriction 
endonuclease digestion. Unique clones are then used for Southern blotting to large 
panels of normal and cancer amplicons, and only those probes detecting losses only in 
cancers are taken for further study. This effectively (but not completely) eliminates 
probes that arise by loss-of-heterozygosity. 

The remaining probes are then sequenced to generate PCR primers that we 
utilize for radiation hybrid analysis. This enables us to group probes into loci. To date 
we have so identified at least fifteen such loci, on chromosomes 1,3,4,5, two on 8,9,10, 
two on 11,12,15, at least two on 17, and 21. 

The locus on 3 corresponds to the FHIT locus, as already discussed. The locus on 
9 corresponds to the region encoding pl6, a protein involved in regulating the cell cycle 
that has been previously shown to be frequently lost in cancers and involved in 
hereditary forms of cancers. In addition, one locus maps to the locus of BRCA3, a locus 
known to predispose to hereditary breast cancers; one locus maps to the locus of 
Cowden's disease, an inherited dermatological disease which mildly elevates 
predisposition to breast cancer. These results encourage us to believe that our 
procedure effectively identifies loci of pathological significance. 

Several loci appear to be repeatedly effected in breast cancers, including the loci 
on chromosome 3, chromosome 9 (pl6), chromosome 8 (BRCA3), and chromosome 17. 
Overall, we detect deletions in about 70% of the samples we have examined. 

In order to proceed further with our analysis we need to develop additional 
molecular techniques to enable us to rapidly analyse samples for frequency of deletion 
at a particular locus and to determine the size of deletion. We are limited in the 
amounts of DNA we have to analyse, and the presence of normal stroma. Thus straight 
forward applications of Southern blotting or PCR are problematical. 

We have taken two approaches to circumvent these obstacles. First, we are 
developing a robust quantitative method for genomic PCR. This will enable us to 
examine genetic loss even in mixed populations of cancer and normal cells. Second, we 
are developing "amplicon hopping". This method will enable us to identify the genetic 
elements in an amplicon which are adjacent to a given probe in the amplicon.  We can 



then use these probes to blot panels of amplicons from sorted biopsies or even 
microdissected biopsies. 

CONCLUSIONS 

RDA is an effective way to identify regions of genetic change in cancers, and 
flow cytometry is an effective way to obtain material for analysis. Greater than one 
dozen loci undergoing loss in breast cancer have been identified. Some of these include 
loci that are commonly affected, such as the locus containing pl6, and the FHIT locus on 
chromosome 3p. We detect abnormalities at these loci in nearly 70% of our cancer 
specimens. The transcriptional potential of these loci is being explored. 
Characterization of many other RDA probes is in progress. New technology is being 
developed to speed the evaluation of the importance of these candidate loci. We expect 
that the continued execution of our stated plan will accomplish our stated goal, the 
identification of tumor suppressor genes that are commonly involved in breast cancer. 
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