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Introduction 

In positional cloning experiments, conventional genetic methods are used to narrow the search 
region. Then physical (molecular) methods are applied to further narrow the search region and 
to identify genes within the search region. Recently, these methods were used to isolate the 
BCRA1 (Harshman etal., 1995) and BCRA2 (Tavtigian etal., 1996) genes. The Human Genome 
Project has provided an increasing number of resources for finding disease genes using 
positional cloning methods. Still, the task of finding genes involved in particular diseases is 
arduous. Multiple physical methods for identifying genes must be used in each gene search, 
because no single approach would guarantee the identification of all genes in a particular region. 

Thus far the positional genetic approaches have only identified major gene causes.  However, the 
onset or progress of many diseases is governed by multigenic effects and interactions. Even ' 
major disease genes are not expressed alone but in a chorus of over 80,000 other genes. Given 
the spectrum of genomic changes thus far indentified in breast and other cancers, it is quite 
clear that efficient and reliable methods are needed to analyze the increasing number of genomic 
sequences important in tumor development, progression and response to therapeutic regimes. 
Thus, a number of groups, including ours, are focused on developing comparative methods for 
identifying multi-gene differences between samples that can be applied in a cost effective 
method to a large number of samples. 

Although the published methods for multigene analysis are useful as research tools, none have 
proven to be robust enough to be routinely applied to samples that have the complexity of the 
human genome. The approaches include comparative genome hybridization (CGH; Kallioniemi et 
al., 1994), differential display (Liang and Pardee, 1992; Liang etal., 1994) and subtractive 
hybridization (Lisitzyn et al., 1993a; Lisitzyn et al., 1993b).   In CGH, a mixture of 
differentially labeled cDNAs from two samples is hybridized to metaphase chromosomes. 
Genomic regions that are amplified or deleted in one of the test samples will be differentially 
labeled. Hence, this method can identify genomic regions important in disease states. In 
differential cDNA display experiments, mRNA levels of appropriate samples are analyzed Here 
total mRNA is amplified randomly and displayed by size, electrophoretically, from different 
appropriate samples. The differentially expressed cDNAs are then isolated and characterized   In 
subtractive hybridization, sequences present in one cDNA library but missing in a second cDNA 
are isolated. 

An alternative method of measuring mRNA level is the random sequencing of cDNA libraries 
made from particular cells. Although several pharmaceutical groups with a large number of 
resources are taking this approach for some diseases, it is quite clear that DNA sequencing costs 
at this time preclude the use of this method for routine application. Our original proposal 
intended to extend the principles of CGH to arrays of cDNAs. Since this proposal was written two 
methods for differential display of cDNA were described. One method (Schena etal., 1995) is 
very similar to that described in our original research proposal. The method involves 
hybridization of differentially labeled cDNA simultaneously to the same array of cDNA probe 
samples. Schena etal. (1995) reported on the application of CGH principles to arrays of yeast 
cDNAs. We also carried out a number of pilot studies on several arrays of cDNA. The other 
method (Velculescu et al., 1995) to quantitate gene expression uses direct DNA sequencing of 
chimeric small clones that are composed of ligated pieces of cDNAs. Each of the ligated pieces is 



an index for a particular cDNA. Thus, one sequencing reaction gives information about many 
cDNAs. The chimeric clones are created in a manner that should preserve quantitative 
information on the occurrence of each cDNA. 

These publications prompted us to rethink our cDNA profiling method. In particular, we are 
developing a hybrid system using matrix assisted laser desorption/ionization (MALDI) mass 
spectrometry (MS) as a tool for rapid, cost-effective, comparative studies of cDNAs fragments 
after specific hybridization capture steps to simplify the mixture of fragments. Recently we and 
others (Pieles era/., 1993; Roskey era/., 1996) showed that MALDI-MS is an effective tool for 
the rapid measurement of short (<35 nucleotide) DNA sequences. We have begun to develop the 
necessary simulation and (data) analytical software tools to adapt MALDI-MS as a method for 
measuring and characterizing genetic expression. An indexing scheme will be used to identify 
the cDNA strands corresponding to any given mRNA, or known sequence. Short (n = 8 - 15 
nucleotides) sequences are used as identifiers. Such an identifier is capable of identifying 4n 
different species. This should provide sufficient indices such that the majority of cDNA species 
are uniquely represented. Relative percentage abundances of cDNA species must retain those of 
the corresponding mRNA. The experimental program is investigating methods for maintaining 
this quantitative information. 

Along with the cDNA experiments, we have developed several methods for the MS analysis of 
genomic DNA. The most advanced, targets important genomic sequences (in a manner similar to 
that used in the cDNA experiments), and both reduce genomic complexity and focus analysis 
on regions known or thought to be unstable in tumor cells. Other experiments have focused on 
developing array technology with genomic DNA directly and with genetic markers. The genomic 
DNA array is used in place of large clone libraries. This is important because the large genomic 
clones now in use have rearrangements and deletions. Many of the clones are chimeric; they 
contain DNAs from different genomic regions. Large insert clone libraries are time consuming 
and expensive to make and maintain. In contrast, our genomic DNA method can be rapidly applied 
to any DNA sample. This approach is quite useful in positional cloning searches to access a 
specific genomic region in a particular DNA sample. Our first application of this approach has 
been on the q13 region of chromosome 20 known to be amplified in many breast cancer tumor 
cells.  Experiments on in situ scoring of simple repeat sequences has focused on improving 
the methodology and transferring it to solid surfaces. 

Body 

Novel method development such as the development of MS for DNA analysis is difficult and 
involves the expertise of collaborators for instumentation, mass spectrometry, chemistry, 
molecular modeling, engineering, biochemistry, biology etc. The DOA grant monies only pays a 
portion of the total cost of this program spread over several universities and industry.   Our 
contribution to this collaboration has been developing methods to provide informative samples 
for analysis. The specific application of the new methods to breast cancer is funded only by this 
grant. 

We have developed a genomic differential display method (Method I) that allows us to compare 
genomic DNA directly (Broude et a/., 1997). The method reduces genome complexity by 



capturing genome subsets (i. e. restriction fragments) that contain a targeted interspersed 
repeat. The captured fragments are labeled with fluorescein and amplified by PCR, then 
fractionated by size on an automated DNA sequencing instrument. A second method has also been 
developed that is based solely on PCR (Method II, Broude etal., manuscript in preparation). 
These methods produce different types of fragments for analysis. Method I produces fragments 
which contain the target sequence surrounded by unique sequences. Method II produces 
fragments containing the target sequence at one end of the fragment. The fragments are 
separated by size so that the display of restriction fragments sizes is obtained. 

This past year, our greatest progress has been made with our major approach for generating 
targeted genomic and cDNA differential display. The methods were first developed on genomic 
DNA and the target sequence was a simple repeating sequence (CAG)n. The method now can be 
used with either genomic DNA or cDNA and has now been extended to include other target 
sequences, a simple repeating sequence (CA)n, an LTR sequence and a sequence coding for a Zn- 
finger binding motif. The next target sequence will focus analysis on the signaling cascades that 
are so important in tumor biology. In particular we are currently developing our targeting 
protocol for classes of G-protein coupled receptors. 

The long term objective of this research is to develop simple but accurate methodology that can 
be used to analyze large informative regions of the genome so that changes at the DNA or RNA 
levels associated with specific breast cancer characteristics can be uncovered. These changes 
may occur through point mutations, or larger DNA rearrangments on amplifications.  Although a 
number of similar approaches have been developed and applied to clinical samples, most if not 
all of the approaches are either quite expensive or too technically demanding to be of wide 
spread use. Most methods analyze random sequences. This means that when mRNA is studied the 
sampling will only be on highly expressed genes.  In contrast our work has focues on targeted 
genes that may be expressed at low levels. Many of these types of approaches are plagued by 
high rates of false positives.  Differences between samples are being sought and false positives 
are false differences between samples. Hence, a great deal of our work has focused on 
understanding why false positive occurs and how they can be avoided. 

The methodology still needs improvement. For instance, we are still exploring the variables that 
affect the reproducibility of our genomic and cDNA differential display method. These are very 
tedious experiments that represent an enormous amount of work but absolutely necessary when 
robut methodology is developed. These experiments involve testing of all of the reaction 
components against each other in each of the steps to learn the optimum concentrations and 
incubation times and to learn the error bars allowable on each of variables.  We are also 
continuing our development of methods for automatically analyzing the similarities and 
differences in our display methods. This will allow us to evaluate different experimental 
approaches and to determine the level of differences between samples. 

We have also begun to apply this methodology to tumor samples. The first samples that we have 
analyzed were DNAs from a lung sarcoma and normal lung tissues. These samples were choosen 
because the sample size was large (in contrast to the usual samples availably from breast tumor 
cells. The results show that our methods can detect different types of fragment polymorphisms 
using both of our methods (See appendix - Figure 1). This sample set will be extended. We also 
attempted to analyze and compare some breast cancer tumor cells from paraffin embedded 



samples. The DNAs that were provided to us were too degraded to be useful. We are seeking 
higher quality samples. This may mean that we will need to improve the DNA extraction 
procedures used for embedded samples. Recently we have also made arrangement to obtain 
breast cancer biopsy material.   This means that although the methodology could still use 
improvement, we now know enough to apply our method to breast cancer tumor cells. 

Our approach to analyzing cDNAs by MALDI-TOF MS is to focus on specific gene classes provided 
by the methods described above. Hence, we will adopt some indexing technique for sorting the 
generated targeted fragments to array elements to be analyzed.   This combines known and 
unknown elements in the analysis. A large number of groups are exploring indexing methods. 
Each method for preparation and selection has its own idiosyncrasies. However, the underlying 
steps are the same. Generation of an expression profile involves the following: 
(1) the creation of cDNA samples using reverse transcriptase, 
(2) an index of 10-15 nucleotides within each cDNA is isolated, 
(3) PCR amplification of all of the indices is carried out in parallel, and 
(4) the relative abundances of the cDNA indices chosen for each cDNA are measured. 
The key advantage of indexing is that the PCR amplification is carried out after all of the cDNAs 
have been reduced to short, same sized DNA fragments. This ought to improve the accuracy of the 
relative abundance information markedly. The challenge is finding a way to simplify the 
analysis of the enormous amount of data contained in a full set of indices. Thus, it is quite clear 
that the number of possible indices and ways of generating them are quite numerous. Thus, we 
have begun to develop the necessary software tools, simulational and (data) analytical, that are 
needed for developing and testing the various experimental approaches. 

Data reduction will be done through targeting particular sequences and also will be an intrinsic 
part of the indexing scheme. We will use array hybridization to simplify the mixture of index 
fragments. Thus, our method in esence combines some features of both indexing as originally 
suggested by Velculescu et al. (1995) with procedures used after more traditional rtPCR  as 
described by Kato (1995, 1996) and Unrau and Deugau (1994). Each index fragment will be 
generated such that one (single indexing: SI) or both (double indexing:DI) ends have a single- 
stranded overhang.  In each case, one end of the fragment will be hybridized to a spatially 
separated array of fixed hybridization probes; each probe has a unique single-stranded 
overhang, and each is analyzed separately by MS. The fixed probe array contains 4m elements 
where m is the number of nucleotides in single-stranded overhang. Our experiments (Broude'ef 
al., 1994; Fu et al., 1995) have shown that this greatly reduces the probability of mismatches 
between the anchored probes and their targets. 

Further differentiation of cDNA species is dependent upon whether SI or Dl indexing is used (See 
Appendix - Figure 2). In SI, further differentiation is obtained through mass measurement In 
this protocol, only one strand (length N) of the cDNA is analyzed in the MS. Since, m nucleotides 
are known from the position in the array, this leaves N-m = k nucleotides to be determined by 
MALDI MS. In a Dl approach, a mixture of specifically designed floating probes is hybridized to 
the second single strand overhang after the cDN fragment has been hybridized into place in the 
array.   For quantitative analysis, competitive hybridization can be used with a mass-labeled set 
of standards for each array element. 

Simulation experiments will guide and optimize the accompanying experimental program which 
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will be focused on examining the most serious error sources 
(1) accuracy of mass measurement by MALDI MS, 
(2) hybridization of slightly mismatched probes, 
(3) the quantitative represention of mRNAs by the RT-PCR generated cDNAs, and 
(4) the coincident occurrence of identical or nearly identical mass labels on different mRNA 
species. 

These modeling experiments will also take advantage of the the National Cancer Institute's, 
Cancer Genome Anatomy Progect to include the ever increasing number of genes that have been 
identified to play some role in breast and other cancers. Eventually, these genes will make up 
another of our MS test systems since differential display has already been used to assess the 
level of these genes in about 20 different breast cancer cell lines and primary tumor cells. 

Genes and other important sequences which may be important in breast cancer can be fished 
from particular genomic regions.   This is important because position cloning experiments 
identify such regions. Then a great deal of effort is made at analyzing the regions. Here, we have 
used genomic DNA directJy from a region, of human chromosome. 2Ü amplified in. breast cancer 
tumor cells.   This region was identified by CGH experiments of others (Tanner, et al., 1994) 
who have then used time consuming conventional positional cloning approaches to identify 
putative genes important in breast cancer. 

Our approach uses pulsed field gel- (PFG: Schwartz et al.,   1983; Schwartz and Cantor, 1994) 
fractionated genomic restriction fragments as a direct source of DNA (Mass et al., manuscript in 
preparation). Genomic DNA that has been cut with a restriction enzyme is fractionated by PFG 
under appropriate conditions. The gel lane containing DNA is cut into 2 mm slices. Each slice is 
melted in a solution containing 20 mM of ethanolamine by heating to 95° C 15 min. These 
samples can be stored indefinitely. The DNA in agarose can be used as a template in a number of 
reactions including PCR. For instance, PCR reaction can be used to test for the presence of 
particular STS's in slices. 

We have used the DNA contained in slices to analyze a region of chromosome 20 amplified in 
breast cancer tumor cells. The experiments used genomic DNA from a monosomic hybrid cell 
line containing human chromosome 20. STS analysis of 22 sequences identified slices 
containing DNA from the amplified region. Then, long \n\er-Alu PCR was used to amplify and 32p. 
label human DNA from the amplified region. The labeled DNA was used as a hybridization probe 
to screen a heterogeneous nuclear (hn)cDNA library. About ninety clones were identified that 
hybridized to this region. Other available genomic resources (e. g. cloned sequences) were also 
used as hybridization probes.   Eight clones with high intensity hybridization signals were 
sequenced. Then, STS PCR primers were designed, and gel slices and available large insert 
clones in the amplified region were tested for the occurrence of the selected sequences. The 
results of these experiments indicate that the majority of these test clones come from the 
selected chromosomal region. This confirms other experiments done in collaboration with Joe 
Gray using FISH (flourescent in situ hybridization) that demonstrated that our gel slices 
provided region - specific DNA. This past year we have explored the best way of amplifying the 
genomic DNA in the slices so that the template DNA supply from a single experiment can be used 
in many applications.  Eventually, our goal would be to use such slices as an array target for 
experiments similar to, but easier than, CGH. 



Summary 

Great technical progress has been made with our developing methods. Several articles are being 
written up now which focus mostly on the methodology. However, we have now begun to apply 
the methods to a small number of breast cancer tumor cells to identify the problems that 
are posed by the pecularities of those samples 

The major progress on genomic profiling entails the realization that the originally proposed 
method is not as powerful as newly developing MS methods. Thus, we decided to take a very 
forward looking approach to cDNA profiling, rather than use the current inefficient methods. 
Fortunately, the basic methods of DNA handling are almost the same as those proposed in the 
original grant. Specific adaption to MS is now being done. Meanwhile several other methods 
for speeding gene searches have also been developed. 
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Appendices 

Figure 1.    Comparison of (CAG)n containing genomic restriction fragments from sarcoma and 
normal cells.   The intensity (y-axis) vs size (x-axis) provides information on the size 
distribution of Haelll fragments containing the targeted (CAG)n sequence. 

Figure 2. SI and Dl Approaches to MALDI MS cDNA profiling. 
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