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Introduction

Of the cancers unique to women, ovarian cancer has the highest mortality rate. Very little is known
about the genetic alterations that result in the development of this lethal disease. However, it is clear that
there may be many genetic changes that occur which lead to this disease. The purpose of this Program
Project is to use the strategy of transcriptional profiling to identify large numbers of aberrantly regulated
genes in primary ovarian tumors. We have been using microarrays containing 25,000 human genes to
monitor the level of expression of these genes in ovarian tumors as compared to normal ovarian
epithelial cells. This work will also be complemented with the construction of subtraction suppression
hybridization cDNA libraries to identify additional aberrantly regulated genes, not on the microarrays.
There are then three interconnected projects that will analyze some of the aberrantly regulated genes
identified using transcriptional profiling. The first projects goal is to characterize the down-regulated
genes and to test these as candidate tumor suppressor genes. The second project is to analyze over-
expressed genes in both sporadic and hereditary ovarian cancer to characterize regions of amplification
in sporadic versus hereditary ovarian tumors. The third project is to study the expression of genes that
are localized to regions containing common fragile sites. The overall goal of this work is to better
characterize the key genetic alterations that lead to the development of ovarian cancer. We have made
significant progress on all these Projects in the last year of support. In addition, the support from the
Department of Defense has enabled us to set-up a now recognized translational program in Ovarian
Cancer as part of the Mayo Clinic Cancer Center.
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PROJECT #1: Down-regulated genes in ovarian cancer. Viji Shridhar, P.I.

The specific goal of this project is to identify genes that are down regulated during the development of
ovarian cancer with an expression based strategy. The two main strategies are 1) In collaboration with
Millennium Predictive Medicine (MPMx, Cambridge, MA), use their 25K ¢cDNA gene expression arrays
to screen for changes in expression of primary ovarian tumors and cell lines; and 2) Generate
suppression subtraction cDNA libraries between ovarian tumors from patients with different stages of
the disease and normal ovarian epithelial cells

Genes identified from this preliminary screening will be characterized in the following ways:

(A) The expression profiles of down regulated genes will be confirmed by Northern and semi-
quantitative RT-PCR analysis in primary tumors and cell lines.

(B) The down-regulated genes from (A) will be analyzed on a corresponding Southern blot of DNA
from primary ovarian tumors and cell lines to identify any altered bands at the genomic level.

(C) Identify corresponding BAC clones and map it to specific chromosomal; regions either by FISH or
by radiation hybrid mapping panel.

(D) Test candidate genes for mutations using high throughput capabilities of denaturing high
performance liquid chromatography.

(E) The final specific aim of this project is to correlate the expression of down regulated genes in a
significant proportion of a large panel of primary ovarian tumors from patients for whom we have
extensive outcome data. This will allow us to determine the clinical significance of alterations in
these genes. ‘

KEY RESEARCH ACCOMPLISHMENTS
(1) In an attempt to understand early events in ovarian carcinogenesis, and to explore steps in its
progression, we have applied multiple molecular genetic techniques to the analysis of 21 early




2)

stage (stage I/II) and 17 advanced stage (stage III/IV) ovarian tumors. These techniques included
expression profiling seven each of early and late stage tumors with cDNA micro-arrays containing
approximately 18,000 expressed sequences, and comparative genomic hybridization to address the
chromosomal locations of copy number gains as well as losses. Results from the analysis
indicate that “early stage” ovarian cancers exhibit profound alterations in gene expression,
many of which are similar to those identified in late stage tumors. However, differences
observed at the genomic level suggest differences between the early and late stage tumors,
and provide support for a progression model for ovarian cancer development. The manuscript
describing these results has been published in Cancer Research (2001, 61:5895-5904). A copy of
the manuscript is included in the Appendix.

In order to identify novel tumor suppressor genes involved in ovarian carcinogenesis, we generated
four down regulated suppression subtraction cDNA libraries from two early stage (stage I/IT) and
two late stage (stage III) primary ovarian tumors each subtracted against cDNAs derived from
normal ovarian epithelial cell brushings. Approximately 600-700 distinct clones were sequenced
from each library. Comparison of down regulated clones obtained from early and late stage tumors
revealed genes that were unique to each library suggesting tumor specific differences. We found
45 down regulated genes that were common in all four libraries. We also identified several genes
whose role in tumor development has yet to be elucidated, in addition to several under expressed
genes whose potential role in carcinogenesis has previously been described. The differential
expression of a subset of these genes was confirmed by semi-quantitative RT-PCR using GAPDH
as control in a panel of 15 stage I and 15 stage III tumors of mixed histological subtypes.
Chromosomal sorting of library sequences revealed that several of the genes mapped to known
regions of deletion in ovarian cancer. Loss of heterozygosity analysis revealed multiple genomic
regions with a high frequency of loss in both early and late stage tumors. In order to determine if
loss of expression of some of the genes corresponds to loss of an allele by LOH, we utilized a
microsatellite marker for one of the novel genes on 8q and have shown that loss of expression of
this novel gene correlates with loss of an allele by LOH. In conclusion, our analysis has identified
down regulated genes, which map to known as well as novel regions of deletions and may
represent potential candidate tumor suppressor genes involved in ovarian cancer. While some of
the genes identified from these libraries were also identified as down regulated genes by
transcriptional profiling of the same tumor, we identified several known and unknown genes
of very low abundance only in the SSH libraries. The data from the SSH library. analysis also
revealed that there were many genes which were differentially expressed in both early and
late stage tumors. The revised manuscript describing the results from this analysis has been
submitted to Cancer Research (See attached manuscript in the Appendix).

The expression of the down regulated genes were characterized in the following ways:

(A)
(B)

©

(D)
(E)

By Northern and semi-quantitative RT-PCR analysis —See attached manuscripts for details.
Southern blot analysis is still ongoing. We have not detected any altered bands at the genomic
level with some of the down-regulated genes tested.

Chromosomal mapping of corresponding BACS will not be performed due to the extensive
chromosomal sequences available as a result of the human genome project. For most of the genes
identified from these screens, chromosomal positions are known.

Mutation screening using DHPLC for some of the genes is ongoing.

The clinical significance of alterations in these genes is also ongoing.




PROJECT #2: Characterization of the role of amplified oncogenes in the development of familial
and sporadic ovarian cancer. Fergus Couch, P.I.

Background: The specific goal of this project is to identify genes that are amplified and overexpressed
during the development of ovarian cancer, and to use these genes to test the hypotheses 1) that gene
amplification contributes significantly to the development and progression of ovarian cancer, and 2) that
familial and sporadic ovarian tumors have different progression pathways. To achieve this goal we
proposed the following four major aims. Specific Aim #1: Assembly of collections of frozen familial
and sporadic ovarian tumors. Specific Aim #2: Assessment of the extent of gene amplification in
familial and sporadic tumors. Specific Aim #3: Identification of novel amplicons and amplified genes in
familial and sporadic ovarian tumors. Specific Aim #4: Characterization of the oncogenic activity of
candidate oncogenes. Much of this work involved a close collaboration with Millennium Predictive
Medicine, MPMXx.

Results:
We feel that we have made excellent progress towards the completion of these goals.

Specific Aim #1/Task 1: Our goal in this section was to identify a series of ovarian tumors that
contained mutations in the BRCA1 and BRCA2 genes in order to make direct comparisons between
familial and sporadic ovarian tumors. We have now completed mutation screening of 75 ovarian tumors.
BRCA1 mutations were found in 45% and BRCA2 mutations were found in only 10% of the tumors
derived from patients with a family history of breast and or ovarian cancer. This numbers match the
results from previously published studies and suggest. In addition BRCA1 mutations were found in 5%
of a series of sporadic serous ovarian tumors, which is again in keeping with previous studies. We have
now identified sufficient familial tumors to carry out Aims #2,3, and 4. Thus, this section of the proposal
is complete.

Specific Aim #2/Task 2: Our goal in this section was to determine the extent of gene amplification in
ovarian tumors using cytogenetic approaches. We have completed CGH analysis on a series of early and
late stage ovarian tumors and have determined that amplification is generally restricted to late stage
tumors. Amplification of known oncogenes such as Cyclin D1 on 11q13, ¢-Myc on 8924, AIB-1 on
20q12, ZNF217 on 20q13.2, Cyclin E on 19q12, and PI3KCA on 3q26.3 was detected at a frequency of
greater than 10%. A number of other amplified regions including 1p, 1q, 8p, 11p, 12p, 16p, and 19p
were also identified. Oncogenes associated with ovarian cancer have not previously been identified in
these regions. AmpliOnc array studies of the tumors will not be carried out because the array reader
available at the Mayo Clinic cannot scan the new generation of AmpliOnc arrays produced by Vysis Inc.
However, the success of the CGH technique and some of the other studies described in Task 3 suggest
that the AmpliOnc Array analysis is no longer necessary.

Specific Aim #3/Task 3: Our goal in this section was to identify novel amplified and overexpressed
genes in ovarian tumors. To achieve this goal we have now profiled a total of 78 ovarian tumors and 5
normal ovarian epithelial cell samples on a 30,000 gene expression array in collaboration with MPMx.
We have used bioinformatics analysis of this dataset to generate moving median profiles of each tumor
by plotting the median expression level of sequential 50 gene sets along each chromosome. Randomized
datasets have been used to generate confidence intervals and to identify gene windows that are likely
upregulated by more than chance alone. As these windows likely represent areas of amplification, by
identifying peaks on the moving window plot we can select candidate regions of amplification. To date
we have detected 15 novel regions. In Table 1 we identify candidate oncogenes that are located within
these areas.



It is important to note that this type of analysis only detects aberrant regions and does not accurately
define regional boundaries of amplified regions. Therefore, the regions of actual amplification could be
larger or smaller than the regions defined here in Table 1. To verify that these candidate regions are
actually amplified in the tumors we have initiated Fluorescent In Situ Hybridization (FISH) studies.
Tissue Microarrays containing 48 of the 78 tumors have been generated and two representative Bacterial
Artificial Chromosomes (BACs) probes from each of the candidate regions have been selected. These
BAC probes will be hybridized to the Tissue Microarrays along with relevant centromeric probes (Vysis
Inc.) and a ratio of BAC probe signals to centromeric signals in 60 nuclei from each sample will be
calculated to determine if amplification is present. To date all probes have been ordered and initial FISH
studies have begun for the 12p, 3q, 19q, and 20q11.2 regions. In addition, we have verified amplification
of CCND1 and c-Myc in 20% of the tumors and have established that N-Myc is not amplified in these
tumors.

Table 1.
Amplified Region -
Cytoband Location | Radiation Hybrid Map
of Amplification Location (GeneMap’99)* Significant Genes with Respect to Cancer
Resistance
1p34 110-118 cR3000 AK?2 adenylate kinase 2
MYCL1 v-myc oncogene
homolog 1
1q 740-777 cR3000
2q 312-340 cR3000
2q22 502-515 cR3000 ARHE ras homolog member E
NMI N-myc (and STAT) interactor
3q 429-451 cR3000 RAB7 RAS oncogene homolog
MCM?2 minichromosome maintenance deficient (S.
cerevisiae) 2 (mitotin)
3q 487-542 cR3000
4q 332-419 cR3000 KIT v-kit
GRO2 oncogene
12p 84-137 cR3000 KRAS?2 v-Ki-ras2 Kirsten rat sarcoma 2 viral oncogene
homolog
14q 231-269 cR3000 AKTT1 v-akt oncogene homolog
CCNK cyclin K
16p 23-59 cR3000
19q13.1 218.315-238.63 cR3000 Hs.200816 AKT2 oncogene
19p 269-285 cR3000
20q11.2 198.18-207.61 cR3000 E2F1 transcription factor
Hs.112594 hepatocellular carcinoma-associated antigen
58
20q13.1 225-267 cR3000 AIB1 regulator of ER
MYBL2 v-myb oncogene homolog-like 2
TOP1 topoisomerase (DNA) I
CSEIL/CAS chromosome segregation 1
20q13.1-13.2 278-336 cR3000 STK15/BTAK serine/threonine kinase 15
BCASI breast carcinoma amplified sequence 1
ZABCI1/ZNF217 transcription factor '
PTPNI1 protein tyrosine phosphatase, non-receptor type 1




Once amplification is verified for specific regions we will correlate the expression profiles with the
amplified regions to select the candidate oncogenes. As the map location of all 30,000 genes on the
arrays is now known due to the human genome project, there will be no need to pursue radiation hybrid
mapping of candidates. In addition there will be no need to establish physical maps of candidate regions
because this has already been accomplished by the Human Genome Project.

In an effort to improve upon this approach we have also established a collaboration aimed at using 1
Mbp resolution gCGH arrays to accurately define amplicons in the tumors. This involves hybridizing
genomic DNA from the same set of tumors to an array of 4,500 BAC clones. Amplification can be
detected as an enhanced signal relative to a normal specimen. DNA from 30 tumors has been extracted
and these studies will commence shortly. By combining the expression and gCGH profiles we aim to
identify specific candidate oncogenes from the amplicons that are detected in the tumors. Thus Task #3
will be completed in the near future.

Specific Aim #4/Task 4: Work on this area has not yet .begun because we have not yet identified
candidate amplified oncogenes.

PROJECT #3: Common fragile sites and ovarian cancer. David I Smith, P.I.

There were four specific aims to our original proposal. Specific Aim #1: The cloning and
characterization of FRAGE (6q21) and FRAG6F (6q26) as these two common fragile sites are derived
from chromosomal regions that are frequently deleted during the development of ovarian cancer.
Specific Aim #2: The isolation of genes from the FRAGE and FRAGF regions, followed by examining
each of them as potential tumor suppressor genes or as sensors of genomic damage. Specific Aim #3:
The third specific aim was to perform clinical correlative studies in ovarian cancer with our impressive
resource of fresh frozen ovarian tumors with full clinical follow-up. Specific Aim #4: The final specific
aim, and the one that linked this project to the other projects within this Program Project Grant, was to
characterize aberrantly expressed genes derived from chromosomal bands containing common fragile
sites, to determine if these genes actually do reside within common fragile site regions. We feel that we
have continued to make excellent progress towards the completion of these goals.

Specific Aim #1: Our first goal was to characterize two common fragile site regions that were derived
from regions on the long arm of chromosome 6 that were frequently deleted during the development of
ovarian cancer. Although our plan or work called for us to characterize both common fragile sites
regions, we have focused most of our efforts on the characterization of the FRAG6E (6q26) region, and
have collaborated with the group of Dr. Barbanti-Brodano (University of Ferrara, Italy) who have been
analyzing the 6921 region.

In our analysis of FRAGE we have now determined that aphidicolin-induced instability within the 6q26
region extends for a total of 2.2 megabases. The common fragile sites are characterized by hybridizing
fluorescently labeled large-insert clones (usually cosmids or BACs) to metaphase spreads produced from
aphidicolin-treated lymphocytes and then observing where the labeled clones hybridize relative to
aphidicolin-induced decondensation/breakage within specific common fragile site regions. Since the
regions of instability where decondensation/breakage occurs is considerably larger than the labeled
clones an individual clone can hybridize proximal, distal or actually crossing the region with a
decondensation/break. Clones which hybridize with approximately equal frequency proximal and distal
to breaks in different metaphases are considered to reside within the “center” of the common fragile site
region. Clones which hybridize more frequently proximal than distal to breaks are considered to reside




on the proximal side of the common fragile site region. Finally, if a clone hybridizes always on one side
of a fragile site (in at least 20 metaphases with good discernible breakage within the common fragile
site), that clone is outside of the common fragile site region. Utilizing this assay we were able to
determine that the “center” of this common fragile site actually resides on the telomeric end of the entire
region of instability. The size of the distal region is only 300 Kb while the proximal region of instability
extends for over 1 megabase.

Specific Aim #2: Our second specific aim was to identify genes that resided within the FRA6E common
fragile site and to determine the level of expression of these genes in ovarian cancer cell lines and in
primary ovarian tumors. We have identified a total of 8 genes that reside within this 2.2 megabase
region of instability. The Figure below shows all our results on the physical characterization of the
FRAGE region. Included on this Figure is the BAC contig which we’ve constructed across this region.
This contig, which contains only two gaps, is completely sequenced, which will facilitate future analyses
on this region of instability. Also included on this Figure are the FISH results with several of the BACs
from the contig. The centromeric end of FRAGE contains a number of small genes, including IGF2R, a
gene which has been demonstrated to be mutated in some forms of cancer, and has been called a
putative tumor suppressor. The most striking aspect of the FRA6E region is that 50% of the entire
common fragile site is spanned by the large Parkin gene. Mutations and homozygous deletions in this
gene have been observed in patients with autosomal recessive juvenile Parkinsonism (AJRP). In
addition, the center of this common fragile site occurs right in the middle of the Parkin gene around
exons 3 and 4. These are the two exons that are frequently homozygously deleted in AJRP patients with
large deletions in Parkin. Please see Figure 1 on the following page.

We then went on to examine the expression of each of the genes from FRAG6E and found that half of
them showed a loss of expression in ovarian cancer cell lines and primary tumors and that Parkin was
down-regulated in 80% of the primary ovarian tumors analyzed. Additionally, loss of heterozygosity
(LOH) analysis of primary ovarian tumors using polymorphic markers in the 6q26 region revealed that
markers that mapped within the large Parkin gene had the highest LOH of any of the markers within the
FRAGE region. All of the work summarizing our work on the characterization of the entire FRAGE
region and the expression analysis of genes within that region in ovarian cancer cell lines and primary
tumors was submitted for publication in Cancer Research (manuscript included in the appendix).

Specific Aim #3: The third specific aim was to perform clinical correlative studies in ovarian cancer
with our impressive resource of fresh frozen ovarian tumors with full clinical follow-up. We have
isolated RNA from over 100 primary ovarian tumors representing different histologies (serous, clear-
cell, and mucinous ovarian tumors), and different stages and grades. Unfortunately, we do not have any
low stage, low grade serous tumors, although, we do have low stage, low grade mucinous tumors. We
have also chosen ovarian tumor samples from patients that appeared to have chemosensitive tumors
(resulting in disease-free survival of greater than 3 years), as well as patients that appear to be
chemoresistant (tumor progresses in less than 6 months). We have just initiated an analysis of gene
expression of the various genes in the FRAGE region in this resource of primary ovarian tumors.
However, one thing that has actually slowed down our work on this Specific Aim has been the exciting
recent results that we’ve obtained analyzing Parkin, and on the characterization of genes that map within
other common fragile sites (described under Specific Aim #4).
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One of the stated goals under Specific Aim #2 was to analyze genes that map within the common fragile
sites to determine if they are mutational targets in ovarian cancer cell lines and primary tumors. We have
used a combination of different techniques to look for mutations within these genes, including analyzing
cell lines and primary tumors for homozygous deletions, as well as CSGE analysis for smaller
alterations.

We did not detect any homozygous deletions in any of the FRAGE genes in our resource of ovarian
cancer cell lines or primary tumors. However, as part of a collaboration with Dr. Lewis Roberts who
works on hepatocellular carcinoma, we have detected a homozygous deletion in the Parkin gene in one
HCC cell line. We are currently characterizing this homozygous deletion, which appears to be complex
(thus far we have found two distinct homozygous deletions in the middle of Parkin gene in this one cell
line). We are currently analyzing several of the key regions within Parkin for smaller mutations using
CSGE analysis and we have some preliminary indications that several of the cell lines and primary
ovarian tumors may have mutations within Parkin.

Specific Aim #4: The final specific aim was to characterize aberrantly expressed genes derived from
chromosomal bands containing common fragile sites, to determine if these genes actually do reside
within common fragile site regions. One of the stated goals of this Program Project Grant was to
encourage interactions and collaborations between the three separate Projects. When we analyzed the
transcriptional profiling results obtained by Dr. Shridhar, we found that many of the consistently down-
regulated genes were derived from chromosomal bands that contain common fragile sites. We chose a
sub-set of these genes to determine which of these genes were derived from a common fragile site
region. The genes that were chosen were picked based upon a number of criteria including whether they
were genes that were previously described as being important in the development of ovarian cancer
(such as NOEY?2), or whether the gene was derived from a chromosomal region that has been shown to
be consistently deleted in ovarian cancer. The Table below lists the genes that were chosen for further
study.

Gene Image Clone Accession Band CFS
NOEY 2 345680 W72033 1p31 FRAIC
RGP4 429349 AA007419 1921 FRAIF
FHIT - XM043137 3pl4.2 FRA3B
PDGFRA 52096 H23235 4q12 FRA4B
FST 434768 AA7T01860 5pl4; 5ql11 FRASE;
Hecht et al 1988

M6P/IGF2R” 67055 170421 6926 FRAGE
PLG" 875979 T73187 6926 FRAGE
SLC22A3" 127120 RO8121 . 6926 FRAGE
CAV-1 - XMO057981 7q31.2 FRA7G
CAV-2 - NMO001233 7q31.2 FRAT7G
TESTIN - ? 7q31.2 FRA7G

PSAP 291255 N72215 10q21-22 FRA10C;
FRA10D

TSG101 123087 R02529 11pl5 FRA11C;

FRA11D;

FRAI11E

TPM1 341328 W58092 15g22.1 FRAI5A
WWOX - NMO016373 16q23.2 FRA16D
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In order to determine if any of these genes resided within a common fragile site region we first needed
to identify BAC clones that spanned each of these genes. In some instances, BAC clones could be
identified electronically. However, for the majority of the genes chosen we needed to screen the
Research Genetics BAC pools to identify BAC clones that spanned these genes. Once the BACs were
isolated, they were used as FISH-based probes to determine if they localized within a common fragile
site region. If a BAC clone always hybridized proximal or distal to the region of aphidicolin-induced
decondensation/breakage in 20/20 metaphases examined, that clone localizes outside of the CFS region
of instability. Clones which hybridized with approximately equal frequencies proximal and distal to the
region of decondensation/breakage were derived from the “center” of that CFS region. Clones which
hybridized more frequently distal to the region of breakage were derived from the distal portion of the
CFS, and thus we could localize BACs as either outside the respective CFS region, within the center of
those regions, or at the “ends” of that CFS region. We analyzed the BAC clones that were identified to
span each of the 10 genes chosen and found that 9 of the genes localized within a CFS region. Three of
the genes (FST, IGF2R, and PDGFRA) localized to the ends of their respective CFS. The remaining six
genes (NOEY2, PSAP, TPM1, SLC22A3, PLG, and TSG101) localized within the “centers” of their
respective fragile sites. This work has enabled us to localize a number of CFS regions that were not
previously characterized. We have recently completed a manuscript describing this work and have
submitted it for publication to Oncogene (Manuscript included in the Appendix).

ADMINISTRATIVE CORE

Background: The premise of our entire program project grant is that ovarian cancer develops upon a
background of significant genetic alterations and that we can combine several powerful strategies, based
in a rich tissue repository, to clone many of the genes involved in ovarian cancer development.

Objective: The overall purpose of the Administration Core is to support and oversee the work done by
all three projects and the three other cores.

Relevance to Ovarian Cancer: There are ample data that frequent genetic alterations underlie the
development of epithelial ovarian cancer. This is the premise underlying our entire program project
grant. The Administration Core integrates all our efforts to (1) determine which of these myriad genetic
abnormalities are relevant and (2) identify the biologic function of the relevant alterations.

Support Provided to Research Projects by Administration Core: The Administration Core performs
these functions:
e Continue to build our tissue repository
Obtain clinical and follow-up data to match tissue specimens
Develop system to provide ready access to tissue repository
Link tissue and clinical data via a relational database
Coordinate gyn specific pathology review for all specimens
Provide statistical support to all projects and cores
Oversee all projects and cores including budgets
Manage all human subject issues including approvals through the Mayo Institutional Review
Board and the Department of Defense Human Subjects Reviews Groups; address all
patient/family questions about research participation
Organize meetings of investigators and external advisors
e Maintain a liaison with education and outreach specialists within the Mayo Women’s Cancer
Program and Mayo Clinic Cancer Center (MCCC)
e Formalize a partnership with representatives of the advocacy community
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Methodology and Design: Our methods for the repository/database and statistical support are described
here and in the following Results section.

Tissue repository: The Ovarian Program has stored specimens of a variety of ovarian tumors since 1991.
At the present time we have 1,250 ovarian specimens in a fresh, frozen state — 992 epithelial (including
borderline) cancer specimens and 258 benign specimens. Over 90% of the epithelial samples have been
re-read by our gyne pathologist Dr. Gary Keeney. The details regarding tissue acquisition and pathology
review are provided in the following section on the Tissue Acquisition Core facility. The clinical
information to match the tissue specimens is currently being abstracted from the medical records — this
will include key risk factors such as family history and follow-up data. In the Results section below, we
provide the current status of the tissue repository, clinical information, and relational database.
Regarding statistical support, Dr. Steve Iturria in the Section of Biostatistics has provided statistical
support for the genetic analyses. His duties have included maintaining all data files in a secure
environment, performing diagnostics to ensure data quality, extracting data sets for analyses, and
assisting investigators in the identification and use of appropriate statistical methods.

Results:
Tissue repository: At the present time, we have over 1,200 epithelial ovarian tumors in a fresh frozen
state.

Chart abstraction for clinical follow-up: To date, we have abstracted 570 charts and this work is
proceeding on schedule.

Relational database: At the present time, the details of our ovarian tissue collection are housed in an
Access database, created to store information by tumor code numbers (patient identification is not
distributed to individual investigators or cores). The clinical data and follow-up information are housed
in a clinical database. We now wish to create a relational database joining the laboratory elements with
the clinical data. The requirements of the clinical component of the relational database have been
communicated to the programmers, who have developed web-based screens needed to enter and retrieve
clinical information. The programmers are designing methods to download the data from SAS to load
the web-based system. We anticipate testing and troubleshooting to be completed during the first
quarter of 2002. The Mayo Clinic Cancer Center has agreed to have Dr. Piet de Groen, an expert in
establishing databases using relevant clinical information resources, to take the lead on this effort

Statistical support: The statistical support that Dr. Iturria has provided thus far to the specific projects
includes:

(Project #3) Examined the down-regulation of genes near known fragile sites in ovarian cancer.
Tumor vs. normal expression ratios for genes lying in known fragile sites were contrasted with those
of genes not lying in known fragile sites. Potentially unknown fragile sites were identified by
constructing moving average plots for the tumor vs. normal expression ratios on each chromosome.
(Project #2) Identified over-expressed genes in ovarian cancer. Cluster analyses were performed to
identify sets of genes that had common expression profiles across multiple experiments. Clusters,
which exhibited a pattern consistent with over-expression in tumors, were identified. Various other
gene-ranking methods were used to identify genes demonstrating significant increased expression in
ovarian tumors. Moving average analyses were carried out to identify entire regions of gene
amplification.

(Project #1) Identified under-expressed genes using methods similar to those used above.
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Oversight: Drs. Smith and Hartmann communicate multiple times per week to ensure the fluid progress
of all the projects and cores. They each interact independently with project and core leaders to address
issues as they arise.

Human subjects issues; patient/family contact: We have developed a protocol for direct patient contact
as we continue to build our tissue/clinical data repository. The steps for this protocol are as follows:
Tumor sent from Surgical Pathology to Tumor Acquisition Core Facility.

Tumor Acquisition Core sends e-mail notification of tumor received to Study Coordinator.
Surgical pathology results reviewed to determine appropriate participation level.

Patient contacted by Study Coordinator regarding participation in Ovarian Tumor Study.

Consent form signed, blood request ordered, and questionnaire completed.

Materials filed in master file along with Patient Enrollment Master Sheet.

THUQW R

All patient/family contact materials have been approved by the Mayo IRB and the Department of
Defense Human Subjects Review Group (although it took considerably longer to obtain approval from
the DOD to initiate this work).

Coordination of meetings: Our Ovarian Cancer Research group meets the third Monday of every month
from 10:30 a.m.—12:00 noon. Fifteen to 20 individuals attend, including the project leaders, core leaders,
technicians, and trainees involved in this ovarian cancer effort. At these meetings investigators present
their scientific data for discussion, and new questions and collaborations are generated. Moreover, our
Executive Committee meets monthly to assure smooth operations among the projects and within the
MCCC. Dr. Hartmann meets weekly with the study abstracter and the laboratory personnel involved in
sample acquisition.

Maintain liaison with education and outreach specialists within the Mayo Women’s Cancer Program and
MCCC. Ms. Julie (Quam) Ponto is the nurse coordinator for the Women’s Cancer Program and
routinely attends our scientific sessions as does Ms. Lisa Copeland, MCCC Communications. The issues
of gynecologic cancer patients are routinely addressed at our MCCC public education events which
occur in the fall and spring each year. The brochures from our 2001 event are included as appendices.

Formalize a partnership with representatives of the advocacy community. In the past year, we have
developed a closer working relationship with the Minnesota Ovarian Cancer Alliance (MOCA). They
hosted a special showing of the play Wit in Minneapolis in the spring of 2001 and Mayo purchased a
block of 35 tickets, and most of our research group attended this very memorable performance. At the
present time, 11 Mayo staff members serve on the MOCA Medical Advisory Board. Dr. Hartmann has
been asked to serve on their grant review group. We are committed to incorporating direction and
guidance from the patient advocacy community as we conduct our research and map out strategies for
future studies.

Conclusions:

We have built upon our prior infrastructure in women’s cancers within the MCCC to upgrade our
database, mobilize needed resources to investigators in a timely manner, and provide a smooth
organizational structure for the conduct of our ovarian cancer genetics research.

TISSUE ACQUISITION CORE FACILITY
The Tissue Acquisition Core provides a coordinated, centralized, and dedicated program for
procurement and processing of biospecimens obtained from ovarian cancer patients and from
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populations of women at risk of developing ovarian cancer. Clinically annotated human biospecimens
have historically been one of the most valuable and unique resources available for translational research
at Mayo Clinic Rochester and the GOAL of the Core is to procure a tissue and/or a blood specimen from
every ovarian cancer patient seen at Mayo Clinic. The Core will coordinate acquisition of both normal
and neoplastic ovarian tissues, will process blood samples, will provide investigators with DNA and
RNA, and will continue to bank biospecimens for future translational research. The Core will also serve
as a resource of expertise, collaborative support, and service for pathology, immunohistochemistry, in
situ hybridization, laser capture microdissection, RT-PCR, and digital image analysis. The Core will
interface and be electronically integrated with the Ovarian Cancer Patient Registry and the Biostatistics
Core to provide investigators clinically annotated biospecimens. The collection, banking, and use of
biospecimens will be performed with appropriate patient consent and institutional approval. The Core
will interact and collaborate with other federally-funded Ovarian Cancer Programs to promote resource
sharing and integrate scientific projects.

Dr. Gary Keeney, has re-read over 90% of all the epithelial cancers in our repository. His review has
significantly decreased ambiguity about tumor morphologies and grades, and has allowed identification
and exclusion of “ovarian tumors” deriving from a non-ovarian primary cancer.

Tumors that are to be used in assays are first sectioned and stained with hematoxylin and eosin. Dr. Pat
Roche, Laboratory Medicine and Pathology and Head of the Tissue Acquisition and Processing Core
Facility, looks at each slide and determines the percentage of the frozen section that is comprised of
malignant cells. Only samples containing >70% tumor are used for analysis. Because of a consolidation
of tumor acquisition and processing protocols within the last year, new tumors are screened
prospectively for the percentage of the block comprised of malignant tissue. This will make decisions
about use of specific tumor blocks more efficient in the future.

BIOLOGICAL FUNCTION CORE

The purpose of the Biological Function Core is to provide normal ovarian epithelial specimens for the
studies outlined in Projects 1-3 and assess the functional consequences of the genetic alterations detected
during completion of Projects 1-3. To perform this analysis, we proposed to: (1) generate new cell lines
from primary ovarian cancers and normal ovarian epithelium; (2) transect these cell lines with
appropriate plasmids to recapitulate the genetic alterations identified in Projects 1-3; (3) assess the
effects of this transfection on proliferation rate, clonogenicity, and ability to form tumors in nude mice;
(4) determine the effects of the transfected constructs on sensitivity of cell lines in vitro to agents
commonly used to treat ovarian cancer; and (5) examine the effects of the genetic alterations on the
therapeutic modalities when control or transfected cells are grown as xenografts in nude mice.

Hypothesis: The functional studies are being undertaken to determine whether the genetic alterations
detected in ovarian cancer cells alter the proliferative rate, apoptotic threshold, and/or drug sensitivity of
the tumor cells in vitro and in vivo.

Relevance to ovarian cancer: These activities are designed to: i) provide additional samples and
models that can be used to study the biology of ovarian cancer vs. normal ovarian surface epithelium, ii)
demonstrate how individual genetic alterations contribute to the cancer phenotype, and iii) potentially
identify new gene products that can be investigated as possible therapeutic targets.

Core Facility Support Provided to Research Projects: As indicated below, the Biological Function
Core has provided normal ovarian surface epithelial cells as normal controls in support of Projects 1-3.
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In addition, the Core has taken genes identified in Project 3 and demonstrated their effects on drug
sensitivity. Finally, the Core has begun to develop cell lines and animal models required for assessment
of additional genes that are in the process of being identified in Projects 1-3.

Results:

Task 1: Provision of normal ovarian surface epithelial cells for study controls. Uncultured brushings of
normal ovaries (documented to contain sheets of normal ovarian surface epithelial cells) and cultures of
ovarian surface epithelium have been provided to the Smith, Shridhar and Couch laboratories to provide
normal controls for Projects 1-3. In addition, normal ovarian surface epithelial cells bearing a
temperature-sensitive SV40 large T antigen (described in the 2000 progress report) have been provided
to the three labs to provide additional controls for experiments emanating from Projects 1-3.

Task 2: Optimization of current cell lines and development of new cell lines. As indicated below, many
functional studies will involve expression of cDNA encoding a particular transcript into cells that have
low levels or lack that transcript. To facilitate these studies, we optimized the transfection efficiency and
geneticin-induced killing in each of six currently available low-passage ovarian cancer cell lines. We
have also inserted a doxycycline sensitive transcriptional regulator into these six lines so that potentially
toxic genes can be expressed in these cell lines in a conditional fashion. Because these genes might have
different effects in a p53 wildtype background than a p53 mutant or p53 null background, we have over
the past year also characterized the p53 status of all six of the cell lines. In addition, in an attempt to
generate additional cell lines, ~30 fresh ovarian cancers were put into tissue culture under standard
conditions (in addition to the 66 reported last year). Of these 30, two (one that turned out to be from a
patient with a mixed Mullerian tumor and one from a patient with relapsed ovarian cancer)
spontaneously gave rise to cell lines.

Over the past three months, we have explored an additional strategy for developing ovarian cancer cell
lines. William Cliby, who is a member of the Biological Function Core, has been injected fresh ovarian
cancer samples directly into nu/nu mice. Any that take will then be passaged in nude mice (see Task 5)
as well as transferred to tissue culture.

Task 3: Assess the effect of genetic alterations on proliferation rate and cloning efficiency in vitro. In the
2000 progress report we described work on a gene call MC-J, which is silenced by methylation in ~70%
of epithelial ovarian cancers. That work is now completed (Shridhar, V., ef al. Loss of Expression of a
New Member of the DNAJ Protein Family Confers Resistance to Chemotherapeutic Agents Used in the
Treatment of Ovarian Cancer. Cancer Res. 61: 4258-4265, 2001). Over the past year the Biological
Function Core has been assisting in the analysis of two additional genes, HTRA and PAPX.

HTRA is a serine protease that contains an insulin-like growth factor binding domain at its amino
terminus (Zumbrunn, J., and Trueb, B. Primary structure of a putative serine protease specific for IGF-
binding proteins FEBS Lett. 398, 187-192, 1996). Early studies demonstrated that HTRA expression in
fibroblasts is suppressed by SV-40-transformation. Work of Dr. Shridhar has resulted in the
demonstration that HTRA mRNA is diminished in >50% of ovarian cancer specimens relative to normal
ovarian surface epithelium. To assess the functional consequences of HTRA down-regulation, the
OV 167 ovarian cancer cell line (which lacks HTRA expression) was transfected with HTRA under the
control of the constitutive cytomegalovirus promoter or with empty vector. The growth rates of parental
cells, empty vector controls, and HTRA transfectants were comparable, as were colony-forming
efficiencies. ‘
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PAPX is an X-linked gene with no strong homology to any other gene in the database. Dr. Shridhar’s
data demonstrated that PAPX mRNA is diminished in all of the ovarian cancer cell lines tested and in
>70% of ovarian cancer specimens relative to normal ovarian surface epithelium. The Biological
Function Core has worked with Dr. Shridhar to try to create stable transfectants expressing PAPX ¢cDNA
behind the constitutive cytomegalovirus promoter. When stable transfectants were not obtained,
transient transfection experiments were performed, which showed that all transfected successfully cells
appeared to be undergoing apoptosis. Efforts are currently under way to develop cell lines expressing
PAPX under the inducible control of the tetracycline-regulated tet-on system. This cell line will then be
utilized to examine the role of PAPX in cell survival and proliferation. In the meantime, the Biological
Function Core has also developed a polyclonal serum that recognizes the PAPX protein and has utilized
this serum to confirm at the protein level that PAPX is downregulated in six different ovarian cancer cell
lines relative to normal ovarian surface epithelium. This antiserum is being utilized to characterized the
colonies resulting from PAPX transfection.

Task 4: Assess the effect of genetic alterations on sensitivity to various treatments in vitro. OV167 cells
transfected with HTRA or empty vector were examined for sensitivity to cisplatin, paclitaxel, and
topotecan in vitro. HTRA transfection slightly increased the sensitivity to topotecan and paclitaxel.
Larger effects (a 3- to 5-fold change in ICyp) were observed with cisplatin. This enhanced sensitivity was
also reflected in a more rapid induction of apoptosis after addition of cisplatin to the HTR A-transfected
cells. Ongoing studies suggest that the alteration in cisplatin sensitivity does not reflect any change in
cisplatin accumulation.

This same approach will be applied to the PAPX transfectants once they become available.

Task 5: Assess the effect of genetic alterations on tumorigenicity and drug sensitivity in vivo. All six of
the low passage ovarian cancer cell lines were injected into the flanks of nu/nu mice. Interestingly, none
of these cell lines formed tumors. At present we are injecting minced fresh tumor specimens into nu/nu
mice in an attempt to establish xenografts that can be utilized to a) serve as another potential source of
cell lines (see Task 1) and b) further assess the effect of genes identified in Projects 1-3 on
tumorigenicity and in vivo drug sensitivity are planned.

MOLECULAR CYTOGENETICS CORE FACILITY

We are extremely fortunate to have an outstanding molecular cytogeneticist working with our ovarian
Program. Dr. Robert Jenkins is responsible with starting our Ovarian Program (with Dr. Hartmann) and
he has done much work over the years on the characterization of many of the ovarian tumor specimens
already collected. We do not request any funding from the Department of Defense to support this Core,
as it is supported entirely by the Mayo Clinic Cancer Center. Nevertheless, the core continues to provide
support for routine cytogenetic and molecular cytogenetic services to members of the Ovarian Cancer
Program. Investigators on the grant are welcome to use the course facilities and have ready access to Dr.
Jenkins’ expertise. The Core’s help in providing comparative genomic hyperitization to characterize 25
of our specimens was highlighted in Dr. Shridhar’s August cancer research paper comparing the
genomic differences between early and late stage ovarian cancer (see manuscripts published). This Core
has provided excellent service to the Program Project as we have been able to use comparative genomic
hybridization to characterize 25 of the ovarian tumor specimens. We will also be transcriptionally
profiling the same ovarian tumors, and thus will have both expression and cytogenetic information on
the same set of tumors.

dhkhkhhd bbb bhbdhbhbhbhbhbdbtdlhdd
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Key Research Accomplishments:

*

¢

Completed the transcriptional profiling using DNA microarrays containing 25,000 genes against 20
primary ovarian tumors.

Constructed SSH ¢DNA libraries from several of the same tumors that were transcriptionally
profiled. Several thousand clones from each of these libraries have been sequenced.

Confirmed that 60% of the genes which appear to be down-regulated are indeed down-regulated in a
panel of low-stage and high-stage ovarian tumors.

Identified a number of ovarian tumors from patients with a family history of ovarian cancer. We
have already identified three tumors with known BRCA1 or BRCA2 mutations.

Completed comparative genomic hybridization analysis of 25 ovarian tumors, including the 20
tumors that were transcriptionally profiled.

Cloned and characterized the FRAGE common fragile site. We have also localized at least eight
different genes within this 800 Kb fragile site region. Several of these genes show a loss of
expression in primary ovarian tumors.

Found that many of the consistently down-regulated genes in the ovarian tumors are derived from
chromosomal bands containing common fragile sites. We have used these genes to clone seven new
common fragile sites.

Integration of the work of our Ovarian Program with the outstanding Ovarian Group working at
M.D. Anderson (Drs. Gordon Mills and Robert Bast).

REPORTABLE OUTCOMES:
Manuscripts Published:

¢

L4

Muthusamy T, Kaufmann SH, Couch FJ. BRCAL facilitates stress-induced apoptosis in breast and
ovarian cancer cell lines. J. Biol. Chem. 275:33487-33496, 2000.

Shridhar V, Bible KC, Staub J, Avule R, Lee YK, Kalli K, Huang H, Hartmann L.C, Kaufmann
SH, Smith DI. Loss of expressison of a new member of the DNAJ protein family confers resistance
to chemotherapeutic agents used in the treatment of ovarian cancer. Cancer Res. 2001; 61:5895-
5904.

Shridhar V, Lee J, Pandita A, Iturria S, Avula R, Staub J, Morrissey M, Calhoun E, Sen A, Kalli
K, Keeeney G, Roche P, Cliby W, Lu K, Schmandt R, Mills GN, Bast RC Jr., James CD, Couch F,
Hartmann LC, Lillie J, Smith DI. Genetic analysis of early-versus late-stage ovarian tumors.
Cancer Res. 2001; 61:4258-4265.

Manuscripts Submitted:

¢

Denison SR, Callahan G, Phillips LA, and Smith DI. Evidence for a role of a common fragile site
(FRAGE) in autosomal recessive juvenile Parkinsonism and Ovarian Cancer. Submitted to Cancer
Res. 9/13/01.

Shridhar V, Sen A, Chien J, Staub J, Avula R, Kovarts S, Lee J, Lille J, and Smith DI.
Identification of under-expressed genes in early and late stage primary ovarian tumors by
suppression subtraction hybridization. Submitted to Cancer Res. 9/17/01.

Bast RC, Urban N, Shridhar V, Smith DI, Zheng Z, Skates S, and Mills G. Early detection of
ovarian cancer: Promise and reality. Submitted to

Abstracts:

¢

¢

Muthusamy R, Kaufmann, SH, Couch FJ. Fas ligand and caspase-8 mediate BRCA1 induced
apoptosis in breast and ovarian cancer cell lines. April 2000, American Association for Cancer
Research, San Francisco, CA.

Couch, FJ. Familial Breast and Ovarian Cancer Predisposition Genes. Oct. 2000, Womens Cancer
Program Annual Education Symposium, Mayo Clinic, Rochester, MN.
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¢ Shridhar V, Pandita A, Lee J, Iturria S, Staub J, Avula R, Sen A, Calhoun R, Couch F, James CD,
Hartmann L, Lillie J, Smith DL Comprehens1ve analy51s of genetic alterations in ovarian cancer.
Oncogenomlcs meeting in Tucson, Arizona, January 25-27, 2001.

¢ Becker N, Phillips LA, Smith DI. FRA3B is larger than pubhshed data and completely contains two
genes. Amer. Assoc. for Cancer Research 42:A333, 2001.

¢ Callahan G, Denison S, Shridhar V, Smith DI. Clomng and characterization of FRA9E. Amer.
Assoc. for Cancer Research 42: A338 2001.

¢ Denison SR, Phillips LA, Shridhar V, Smith DI. FRAGE (6q26),a 1| MB gene-rlch common
fragile site. Amer Assoc. for Cancer Research 42: A346, 2001.

¢ Thorland EC, Myers S, Smith DI. HPV16 integrations in cervical tumors exhibit specificity for
common fraglle sites, cluster at specific chromosome regions, and may disrupt genes important in
cervical carcinogenesis. Amer. Assoc. for Cancer Research 42:A616, 2001.

¢ Chien J, Staub J, Avula R, Smith DI. Aberrant expression of perlecan in ovarian cancer. Amer.
Assoc. for Cancer Research 42:A1723, 2001.

¢ AvulaR, Stuab U, Sen A, Lee J, Hartmann L, Lillie J, Smith DI, Shridhar V. Identification of
dlffernetlally expressed genes in early and late stage primary ovarian tumors by suppression
subtaction hybridization. Amer. Assoc. for Cancer Research 42:A1729, 2001.

¢ Shridhar V, Pandita A, Lee J, Iturria S, Staub J, Avula R, Sen A, Calhoun E, Couch F, James CD,
Hartmann L, Lillie J, Smith DI Comprehensive analysis of genetic alterations in ovarian cancer.
Amer. Assoc. for Cancer Research 42:A2307, 2001

¢ Phillips LA, Becker N, Hartmann L, Smith DI. A relationship between common fragile site
expression and nucleotide excision repair? Amer. Assoc. for Cancer Research 42:A4866, 2001.

Presentations by David I Smith:

¢ Transcriptional Profiling of Ovarian Tumors. Presented at Eli Lilly, Indianapolis, IN, November 13,
2000.

¢ Transcriptional Profiling of Ovarian Tumors- Presented at the Department of Defense Annual
Meeting on Ovarian Cancer, Dulles Hilton, Maryland, November 30, 2000.

¢ Generation of a Molecular Profile for Ovarian Cancer- Presented at the Huntsman Cancer Center,
Salt Lake City, Utah, December 15, 2000.

¢ Common Fragile Sites and Cancer- Presented at Case Western Reserve, Cleveland, Ohio, January
19, 2001.

¢ Celebration of Research Keynote Address: Mayo Foundation, Rochester, MN. Impact of the human

genome project on biology. January 31, 2001.

¢ The Ovarian Cancer Program of the Mayo Clinic Cancer Center - Presented at the University of
Minnesota, April 13, 2001.

¢ Impact of the Human Genome Project on Biology - Presented to the NCCTG Annual Meeting, April
25,2001, Mayo Foundation.

Conclusions:

We feel that we have made excellent progress towards our stated goals in the last year of support for this
Program Project. We have, in collaboration with our colleagues at Millenium Predictive Medicine,
generated expression profiles of a large number of primary ovarian tumors. We have analyzed gene
expression in the ovarian tumors using both 25,000 gene cDNA microarrays and by the construction of
subtraction suppression hybridization (SSH) ¢cDNA libraries. Millenium has generated ovarian-specific
microarrays containing 6,000 genes which were identified from the cDNA microarrays or from the SSH
cDNA libraries, and have analyzed over 150 primary ovarian tumors with these arrays. Dr. Viji Shridhar
has conducted much of the work in collaboration with researchers at Millenium to do the cDNA
microarrays and the SSH cDNA libraries and she has now gone on to examine in greater detail a number
of consistently down-regulated genes that were identified. A number of the genes that Dr. Shridhar has
identified have already been sent to the Biological Function Core for functional analyses. Dr. Fergus
Couch has analyzed many of the primary ovarian tumors for mutations in the BRCA1 and BRCA2 genes
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and has now identified familial and sporadic ovarian tumors for further analysis. In collaboration with
the Cytogenetics Core facility, Dr. Couch has begun to analyze for gene amplification events that occur
in the familial and sporadic ovarian tumors. This has been coupled with data generated from
transcriptional profiling and several candidate amplicons are now being looked at in further detail. In the
third project, the P.I. of this Program Project has continued his work examining the role that the
common fragile sites, and the genes contained within them play in ovarian cancer development. Dr.
Smith’s lab has characterized the FRA6E (6q26) common fragile site in great detail and they’ve
determined that this site is a large region of instability that contains at least 8 genes. However, the
apparent target of deletions (detected using loss of heterozygosity) appears to be within the very large
Parkin gene, which is frequently not expressed in ovarian tumors. This is the gene which is mutated in
autosomal recessive juvenile Parkinsonism. Dr. Smith’s laboratory has also found that many of the
consistently under-expressed genes in ovarian tumors are derived from within common fragile site
regions of the genome, including NOEY2 and tsg101 (two putative tumor suppressor genes).

What are the implications of this work? Our work with Millennium has enabled our collaborators to find
a number of consistently over-expressed genes in ovarian tumors and these are currently being tested as
markers for the early detection of ovarian tumors. The researchers within this Program Project have
focused their efforts on the identification of early genetic events in the development of ovarian cancer.
Since so little is known about early genetic events in this disease we believe that this is a useful
investment. In the past year, we’ve learned that most of the expression alterations that are observed in
late stage ovarian tumors are also found in early stage tumors. This indicates that even early stage
tumors are quite advanced and that we need to focus on events that occur before early stage tumors
develop. Dr. Shridhar has found a number of very exciting candidate genes that are consistently down-
regulated in ovarian tumors and the Biological Function Core is now characterizing several of these
genes to better understand how they might contribute to ovarian cancer development. Dr. Couch now
has sporadic and familial ovarian tumors and these are being analyzed using molecular cytogenetic
techniques in conjunction with transcriptional profiling to identify regions of amplification that are
different between sporadic and familial tumors. This will give us greater insights into the potentially
distinct pathways of sporadic versus familial ovarian cancer development. Finally, Dr. Smith’s group is
characterizing the common fragile sites and the genes contained within them to determine the role that
they play in ovarian cancer development. Parkin is but one example of a very large common fragile site
gene which is consistently under-expressed in ovarian tumors, but we now have several other very
interesting genes which have been determined to reside within common fragile site regions, including
NOEY2 and tsg101. In the next year we will examine whether alterations in the common fragile site
genes are an early or a later event in the development of ovarian cancer.

We are not proposing any major changes at the present time from our original proposal. However, since
we’ve now identified a number of very interesting genes that are consistently down-regulated in ovarian
tumors and are derived from within common fragile site regions, we are proposing to examine these
genes in greater detail, in addition to analyzing the large Parkin gene from FRAGE.
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Breast Pathology in Women with a Personal and Family History of Breast
Cancer, Including BRCA 1/2 Mutation Carriers: A Model for Cancer
Progression

Camilo P. Adem, MD

Divisions of Anatomic Pathology and Cytogenetics

We studied the pathologic characteristics of cancer patients with and
without a family history of breast and/or ovarian cancer who underwent
therapeutic and prophylactic mastectomy. We found that BRCA 1/2 carriers
had lower incidences of precursor lesions and higher values of proliferation
compared to sporadic cases.

Functional Insulin Receptors on Human Epithelial Ovarian Carcinoma
Cells

Laurie K. Bale

Endocrinology Research

Ovarian carcinoma cell lines express insulin receptors that cause cells to
grow in response to low doses of insulin and IGF-II. This finding has impli-
cations for development of tumor-specific therapeutics.

Psychological Changes Associated With Exercise Participation Among
Women With Breast Cancer

Matthew M. Clark, PhD

Psychiatry and Psychology

Twenty-four women who completed treatment for breast cancer were
randomly assigned to an exercise intervention. Those who participated in the
on-site exercise program demonstrated improvements in mood and body
image.

Ovarian Cancer, A Half Century of Trying
What the patient with ovarian cancer can achieve now,
as compared with her expectations in 1951
John H. Edmonson, MD
Medical Oncology

A contrast of the current situation with that of a half century ago.




Psychosocial Research in the Women’s Cancer Program

Marlene Hanson Frost, RN, PhD, AOCN, Julie Ponto, RN, MS, AOCN,,
Romayne Thompson, Teresa Allers, DeAnne Smith, RN, CNP, Katie Zahasky,
RN, MA, CNP, and Lynn Hartmann, MD

Women’s Cancer Program, and Department of Medical Oncology

The Women’s Cancer Program has made the study of psychosocial issues a
priority and has targeted women with breast and gynecologic, as well as
women at risk of developing cancer. We will provide an overview of select
studies that we have recently completed or are either currently proposing or
conducting.

Outcomes in Patients with Leiomyosarcoma of the Uterus

Robert L. Giuntoli, II, MD, Daniel S. Metzinger, MD, Connie S. DiMarco, MD,
Jeff A. Sloan, PhD, Gary L. Keeney, MD, Bobbie S. Gostout, MD

Gynecologic Surgery

We reviewed the characteristics of 210 patients evaluated at the Mayo Clinic
for treatement of leiomyosarcoma of the uterus between 1975 and 1999. Lower
stage, lower grade, and ovarian preservation were associated with improved
disease specific survival. Adjuvant therapy did not appear to improve disease
specific survival.

Benign Breast Disease: Toward Molecular Prediction of Breast Cancer Risk
L. C. Hartmann MD, T. Sellers PhD, F. J. Couch PhD, P. C. de Groen MD,

S. J. Iturria PhD, R. B. Jenkins MD, PhD, W. L. Lingle PhD, L. Newman MD*,
C. A. Reynolds MD, P. C. Roche PhD, V. Shridhar PhD, V. Suman PhD,

T. Tlsty MD, D. W. Visscher MD, S. Hillman, MS

Mayo Clinic and *Wayne State University

Better risk prediction is essential for early detection and prevention strate-
gies. Benign breast disease (BBD) is very common, especially with increasing
use of mammography, but we lack good studies clarifying just how common the
condition is in the population. It is known that women with BBD have an in-
creased risk of a later breast cancer and that breast cancer can occur in either
breast. This study will provide further information to better identify that 10% of

women who will develop breast cancer.



Breast Cancer Clinical Trials
James N. Ingle, MD
Medical Oncology

Clinical trials evaluating new therapies for patients with breast cancer have
been a major focus of the Mayo Comprehensive Cancer Center since the estab-
lishment of the National cancer Program three decades ago. This tradition
continues to this day and involves the full spectrum of clinical settings from
prevention to the treatment of metastatic disease. In addition to promising new
hormonal agents and chemotherapy regimens, protocols are available examining
monoclonal antibodies and truly novel approaches such as treatment of primary
tumors with ultrasound (sound waves). Translational research is actively devel-
oping new treatments involving immunotherapy and gene therapy of breast
cancer.

Dronabinol Versus Megestrol Acetate Versus Both for the Treatment of
Cancer-Associated Anorexia: A North Central Cancer Treatment Group Study
Aminah Jatoi, MD

Medical Oncology

Over 50% of all patients with advanced cancer lose their appetite and cite
loss of appetite as one the top three most distressing symptoms they experience.
Does marijuana or one of its derivatives help? In this study, Mayo researches
tested the marijuana derivative, dronabinol, and found it was less effective in
boosting appetite than another, more standard treatment.

Spiritual Well Being and Overall Quality of Life in Women with Ovarian
Cancer and Their Spouses/Partners

Mary E. Johnson, MA

Chaplaincy Services

How does ovarian cancer impact a woman’s spiritual well being and that of
her spouse/partner? Does this impact change over time? How does spiritual well
being influence overall quality of life? In an effort to better understand how one
copes spiritually with ovarian cancer we will track the experience of 60 women
and their spouses/partners over the course of the disease.




The Granulin-Epithelin Precursor (GEP): a Putative Biomarker for
Ovarian Cancer .
Monica B. Jones, MD, Jacqueline Lafky, Elise C. Kohn, Karl C. Podratz, MD,
and Nita J. Maihle, PhD

Tumor Biology, Department of Biochemistry and Molecular Biology; Department of
Gynecologic Surgery, Mayo Clinic and Molecular Signaling Section, Department of
Pathology, National Cancer Institute

For patients presenting with advanced ovarian cancer the 5 year survival is
25 - 40% whereas patients with disease limited to the ovary have survivals
upwards of 95%. The discovery of new markers may increase the number of
cases detected early and improve overall mortality rates. The granulin-epithelin
precursor (GEP), a recently defined secreted growth factor, for ovarian cancer
cells may be a candidate biomarker for this disease. Characterization of this
growth factor and future development of GEP as a biomarker for ovarian cancer
is presented.

Fenretinide-Induced Apoptosis in Epithelial Ovarian Carcinoma

Cell Lines Is Initiated by Procaspase-8

Kimberly R. Kalli, PhD, Kathryn E. Devine, Phyllis A. Svingen, BS,

Charles Erlichman, MD, Lynn C. Hartmann, MD, Cheryl A. Conover, PhD, and
Scott H. Kaufmann, MD, PhD

Endocrine Research Unit

Fenretinide, a synthetic retinoid, causes ovarian cancer cell lines to undergo
apoptosis, or programmed cell death. Fenretinide activates different intermedi-
ates in the apoptotic pathway than other chemotherapeutic agents used to treat
ovarian cancer, thus, it is hoped that cross-resistance with these agents will not
occur.

Chromosomal Instability and Loss of Tissue Differentiation Correlate With
Different Features of Centrosome Amplification in Breast Cancer

Wilma L. Lingle, PhD

Experimental Pathology

In these studies we demonstrate that centrosome size and number correlate
with aneuploidy, MT nucleation capacity correlates with loss of differentiation,
and centrosome amplification is present in pre-invasive lesions. These results
support the hypothesis that centrosome amplification is an early event in tumori-
genesis that drives aneuploidy and loss of differentiation through independent
centrosome functions.



Mayo Clinic Cancer Center Gynecology Oncology Group(GOG)

Clinical Trials Program

Harry Long, MD, Prema Peethambaram, MD, Julie Ponto, RN, MS, AOCN
Medical Oncology and Women’s Cancer Program

Mayo Clinic Cancer Center participates in multiple Gynecology Oncology
Group (GOG) clinical trials. This poster describes current areas of involvement
with the GOG and gynecologic studies that are currently available.

Breast Cancer Adjuvant Therapy: How to Communicate Benefits
Charles L. Loprinzi, MD
Medical Oncology

Understanding the benefits from adjuvant systemic therapy (tamoxifen and/or
chemotherapy) for patients with resected breast cancer has been quite confusing
for physicians and patients alike. Given this, a methodology of better elucidating
individual patient prognoses and individual patient benefits from these therapies
has been undertaken. This poster will describe how the results of this work allow
physicians and patients to have better information with which to make informed
decisions.

Cancer Education Center: A Portal to the Mayo Clinic Cancer Center

Teresa Mettler
Cancer Education Program

The Cancer Education Center, part of the Mayo Clinic Cancer Center, will
provide reliable, relevant and current information about all aspects of cancer.
Annually, 40,000 patrons are anticipated to visit the center located in the west
lobby of the Gonda Building. Books, brochures, audiovisual tools, internet
access for consumer health research, and interactive educational classes will help
patients become active participants in dealing with the challenges of cancer.

Methodologic Lessons Learned from Oncology Patient Hot Flash Studies

Paul J. Novotny

Mayo Clinic Cancer Center Statistics

A description of methods used to assess the efficacy of agents to reduce hot flash
activity in cancer survivors



Using the Computer for Breast Cancer Information and Support:
Usefulness, Value and Barriers to Use .
Iui- Ponto, RN, MS, AOCN, Laurie Jo Vlasak, RN, BSN,

Becky Smith, RN, MA

Women'’s Cancer Program and Patient Education Center

This poster highlights preliminary results from a study of women who used
a computer program, geared specifically to women with breast cancer, to obtain
information and support related to their diagnosis of breast cancer.

The Study of Tamoxifen and Raloxifene for the Prevention of Breast Cancer
(STAR)

Sandhya Pruthi, MD and Jean M. Jensen

Breast Clinic

Mayo Clinic Rochester and Jacksonville are participating, in conjunction
with the NCI/NSABP, to recruit high risk women to the STAR trial for the
prevention of breast cancer. This study will determine if raloxifene is as effective
as or better than tamoxifen in reducing the risk of developing breast cancer.
Secondary aims include evaluating the effect of these drugs on heart disease and

osteoporosis.

Evaluation of Soy Phytoestrogens for Treatment of Hot Flashes in Breast
Cancer Survivors: An NCCTG Trial

Susan K. Quella, RN, BSN, OCN, Charles Loprinzi MD, Debra Barton, RN,

J Knost, J Sloan PhD, J Gerstner, B LaVasseur, D Swan, B. Stevens, K. Miller,

P. Novotny
Mayo Clinic Cancer Center

Hot flashes are a major problem in some breast cancer survivors, for which
safe, effective treatment is needed. Based on anecdotal information, we hypoth-
esized that soy-derived phytoestrogens might abrogate hot flashes. We currently
report on data from 132 randomized women. We did not detect evidence to
substantiate that this soy prepara-tion in this dose and schedule, could abrogate
hot flashes.




Pilot Study of Accelerated Hyperfractionated Radiation Therapy Following
Lumpectomy and Axillary Lymph Node Dissection in Patients with Stage I and
II Breast Cancer Receiving Adriamycin Based Chemotherapy

P Schomberg, MD, V Suman, PhD, J Brindle, MD, J Ingle, MD,

R Hawkins, MD, J Donohue, MD, W Jarvis, MD, L Wold, MD,

C Wisseman, MD, R Drummond, MD, M Halyard, MD, A Hatfield, MD,

W McGinnis, MD, J Bollinger, MD, and C Clausen, MD

Radiation Oncology

The poster presents the results of a North Central Cancer Treatment Group
pilot study of a new radiation schedule for the treatment of early stage breast
cancer patients undergoing breast conservation therapy and receiving adriamycin
based chemotherapy. The new schedule shortens the time required to complete
radiation therapy and potentially lessens the burden of the usual long treatment
course.

Alcohol, Folate, and Breast Cancer
Thomas A. Sellers, PhD
Epidemiology

This poster summarizes work from the Jowa Women’s Health Study. We
observed that alcohol increases risk of postmenopausal breast cancer when folate
intake is low. Suggests a mechanism for risk reduction.

Genetic Analysis of Early Versus Late Stage Ovarian Tumors

Viji Shridhar', PhD, John Lee?, Ajay Pandita, PhD', Steve Iturria, PhD!,
Rajeswari Avula', Julie Staub', Mike Morrissey, PhD?, Eric Calhoun’,
Kimberly Kalli, PhD', David James, PhD!, Fergus J. Couch, PhD',
Lynn C. Hartmann, MD', Jim Lillie, PhD? and David L. Smith, PhD!

! The Mayo Foundation, Rochester, MN

2 Millennium Predictive Medicine, Cambridge, MA

In the United States, ovarian cancer is the fourth most common cause of cancer-
related deaths among women. Although women with low stage tumors have a
relatively good prognosis, most women diagnosed with late stage disease eventu-
ally succumb to their cancer. In an attempt to understand early events in ovarian
carcinogenesis, and to explore steps in its progression, we have applied multiple
molecular genetic techniques such as expression profiling with cDNA micro-
arrays and comparative genomic hybridization. Results from the analysis indicate
that “carly stage” ovarian cancers exhibit profound alterations in gene expres-
sion, many of which are similar to those identified.



TBX2 Amplification Plays a Key Role in BRCAI and BRCA2 .

Related Breast Cancers s
Colleen S. Sinclair, Camilo P. Adem, MD, Cheryl L. Soderberg,

Guojun Wu, PhD, Daniel J. Schaid, PhD, Jeffrey M. Slezak,

Carol Reynolds, MD, Lynn C. Hartmann, MD, Robert B. Jenkins, MD, PhD,
and Fergus J. Couch, PhD

Mayo Clinic Cancer Center

Breast cancers arising in BRCA1/BRCA2 mutation carriers are genetically
different from sporadic breast tumors. We found the TBX2 gene to be amplified
in approximately 70% of BRCA1/BRCA2 mutation carriers as compared to 25%
of sporadic controls. TBX2, when overexpressed, allows cells to become
immortal which is an early step of tumorigenesis and therefore makes this an
ideal candidate oncogene in breast cancer.

Gender Differences in SFU-induced Toxicities

Jeff A. Sloan, PhD
Biostatistics

An analysis of gender differences in toxicity reporting by colon cancer
patients.

HER2/neu and c-myc Oncogene Alterations in Breast Lesions from Women
with BRCA 1/2 Gene Mutations

Cheryl L. Soderberg

Molecular Cytogenetics

Breast cancer arising in women with BRCA 1/2 gene mutations has particu-
lar clinical and pathologic features. We studied HER2/neu and c-myc oncogene
amplifications by FISH. Our results showed a higher incidence of gain/amplifi-
cation in the BRCA 1/2 related cases compared to sporadic cases.

Investigations into the Mammographic Breast Density Response to Hormone
Replacement Therapy (HRT)

Celine M. Vachon, PhD

Department of Health Sciences Research, Division of Clinical Epidemiology and Mayo
Clinic Cancer Center

A subset of women who initiate HRT experience an increase in breast
density (approximately 20-35%). We performed a case-control study to
investigate how this subgroup of women, who respond to HRT initiation via
increased breast density, differs from women who do not experience a change
in density with regard to breast cancer risk factors and type of HRT.




The Women's Cancer Program is committed to:
* Advancing the scientific understanding of breast and gynecologic cancers

* Educating patients, professionals and the public about breast and
gynecologic cancers

* Optimizing the care of patients with these diseases

Mayo Clinic investigators study the entire spectrum of issues in women’s
cancers, including the following types of research activities:

Basic Laboratory Research explores how genetic and hormonal factors
cause tumors to form and grow.

Applied Research projects seek to identify markers of tumor behavior so
that therapies may be tailored to an individual’s needs. Laboratory work
to develop improved and more targeted therapies that destroy tumor cells
while preserving normal cells is a high priority.

Clinical Trials are available for all stages of breast, ovarian, endometrial
and cervical cancers. The goal of these trials is to improve the care of
women with these diseases.

Epidemiologic Research seeks to identify individuals and populations at
risk for women'’s cancers.

Psychosocial Research studies the psychological, social and spiritual effects
of cancer on a woman and her family.

This is an event to share information about current research in women’s
cancers at Mayo Clinic Cancer Center with patients, staff, benefactors
and interested public who make these programs possible. Mayo Clinic
Cancer Center researchers will be available to discuss their specific
studies and will be pleased to answer your questions. The insert
provides a preview of some of the posters that will be presented.

Please join us and talk with our staff about progress in cancer research
at Mayo Clinic Cancer Center. Your interest and support is appreciated.
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Breakout Sessions  September 29

Options for Turning Down the Heat: Hot Flash
Management

Debra Barton, RN, PhD(c), Department of Gynecology
Mayo Clinic

This session will review the current information about
treatment options for hot flashes. Time will be allotted
for questions and discussion.

Debra Barton

What Do I Tell My Children?
Jennifer Hazelton, RN, MS, Mayo Breast Clinic

Deciding what to tell your children about your cancer
treatment can be complicated. In this session, you will
learn how cancer and its treatment may affect children
during their various developmental stages. Suggestions
for talking with your children, including time fo