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SUMMARY  
 Epithelial ovarian carcinoma is the leading cause of death from gynecologic cancer in the US. The 
five-year survival rate is strongly stage-dependent. Approximately 75% of patients present with 
advanced stage disease, for which the long-term survival remains below 30%, whereas the five-year 
survival for stage I disease is over 90%. Therefore, it is anticipated that effective methods of early 
detection of ovarian cancer would substantially reduce overall mortality rates for this disease. Despite 
much effort, there are currently no reliable procedures for the early detection of ovarian cancer 
available. The ultimate goal of this team effort is to deliver assays for blood-based biomarkers that allow 
detection of ovarian cancer at its earliest stages. The first step towards this goal is the identification of 
potential ovarian cancer biomarkers. We propose to use cultured ovarian cancer cell lines for this initial 
marker discovery phase. Although cell lines cultured from human cancers are not identical to the 
corresponding in vivo tumors, they preserve most of the characteristic molecular features, and provide a 
renewable, experimentally manipulable, pure source of cells for detailed molecular analysis. We 
envision an integrated, multidisciplinary approach to achieve our goal. The use of a centralized cell 
culture facility with expertise in ovarian cell culture (Drescher) will ensure consistent culture conditions. 
Biomarker development will encompass both DNA methylation-based nucleic acid markers (Laird) and 
protein-based markers (Hanash). Transcription profiling and array comparative genomic hybridization 
(Brown) and mutational analysis (McCormick) of ovarian cancer cell lines will be used to identify 
candidate methylation markers, to assist in classifying the ovarian cancer cell lines, and as a cornerstone 
of proteome and methylome data integration. Candidate biomarkers emerging from this first phase will 
be tested and validated (Urban) on ovarian tumors and patient sera in the next phase of this project. 
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SPECIFIC AIMS 
 
Specific Aim 1 is to compare the global gene expression patterns in 15 ovarian cancer cell lines 
with those in a large panel of human ovarian tumor samples (ca. 90 patients; existing data). This will 
enable us to relate each cell line to the most similar corresponding molecular subtype of primary ovarian 
cancer, and, more generally, provide a basis for understanding what’s similar and what’s different 
between the human tumors in vivo and the cell culture models. This comparison will also allow us to 
make an informed choice of which four cell lines to choose for proteomic profiling methods; which cell 
lines might be the best models for later pilot studies of imaging methods; which are the best choices as 
models for investigating potential therapeutics and molecular pathogenesis, other diagnostics, etc. 
 
Specific Aim 2 is to identify candidate genes silenced by promoter hypermethylation by subjecting 
15 ovarian cancer cell lines to treatment with 5-aza-CdR or mock treatment. This will give us a 
genome-wide profile of which genes are transcriptionally silenced by DNA methylation. The direct 
practical application of this information will be to guide a choice of promoter sequences for 
development of early detection markers based on DNA methylation. 
 
Specific Aim 3 is to develop MethyLight assays for 100 candidate genes identified in specific aim 2, 
and to test each of these assays on DNA samples from 5-aza-CdR and mock-treated cell lines. This 
will allow us to evaluate the efficiency and accuracy of marker identification by transcription profiling 
on 5-aza-CdR treated cells, and it will yield a panel of MethyLight markers for further testing and 
validation on ovarian primary tumors and patient plasma samples. 
 
Specific Aim 4 is to identify proteins secreted by ovarian cancer cells. This will allow us to compare 
findings from direct proteomic analysis with predictions for secreted proteins that may be made from 
transcriptomic data, and it will yield a panel of protein markers for further testing and validation on 
ovarian cancer patient serum samples. 
 
Specific Aim 5 is to define the cell surface and membrane proteome of ovarian cancer cells. This 
will allow us to compare findings from direct proteomic analysis with predictions for cell surface 
proteins that may be made from transcriptomic data, and it will yield a panel of protein markers for 
further testing and validation on ovarian cancer patient serum samples and as molecular imaging targets. 
 
Specific Aim 6 is to fully sequence 15 genes in the Ras pathway in all 15 ovarian cancer cell lines. 
This pathway has been implicated in other cancers but its role in ovarian cancer has not been fully 
elucidated. [Goal added January 2006] 
 
Specific Aim 7 is to generate comprehensive molecular profiles of ovarian cancer subtypes, 
integrating transcriptome, proteome, secretome, and methylome data. Comparison of the 
transcriptional profile data with proteomic data will provide an unprecedented resource for systematic, 
quantitative evaluation of the similarities and differences between gene expression at the transcript level 
and at the protein level, which will make an important contribution to our understanding of a 
fundamental aspect of biological regulation – namely regulation of protein abundance at the post-
transcriptional level. It will also give us a much better understanding of the ways in which these two 
profiling methods relate to one another, which will help guide our interpretation of DNA microarray 
data from other sources. The genome-wide profiles of membrane-associated mRNAs will provide a new 
data source for identification of potential secreted and membrane-associated markers for blood-based 
detection and imaging, respectively. 
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RESEARCH PLAN 
 
 A key characteristic of this project is the interactive, multi-disciplinary, team-based approach to 
ovarian cancer biomarker discovery. The workflow plan shown on the following page (Figure 1) 
provides an overview of the scope of Phase I of this project. 
 
Cell Culture 
 Fifteen ovarian cancer cell lines will be cultured at a centralized facility in the Pacific Ovarian 
Cancer Research Consortium Ovarian SPORE specimen core lab. These cell lines have been carefully 
selected to include all commonly used established ovarian cancer cell lines, and to represent the major 
subtypes of ovarian cancer (see Table 1). We have also identified a list of ten primary cell cultures and 
six additional sublines that are of interest, and which will be held in reserve for later molecular 
characterization. 
 
TABLE 1. OVERVIEW OF CELL LINES �
CELL LINE � ATCC 

NUMBER�
MAJOR SUBTYPE� DERIVATION AND HISTOLOGY � REFERENCE�

 �    
MAIN LIST OF 15 CELL LINES FOR BIOMARKER DISCOVERY �
Caov-3� HTB-75� Adenocarcinoma� ovarian adenocarcinoma� �
IGROV 1  � Adenocarcinoma� untreated adenocarcinoma� Benard (1985)�
A1847 � Adenocarcinoma� ovarian adenocarinoma; previously untreated patient� Eva (1982)�
OVCAR 3 HTB-161� Adenocarcinoma� adenocarcinoma-ascites� Fough (1975) �
OVCAR 5 � Epithelial� ovarian epithelial cancer� NCI-60�
OVCAR 10 � Epithelial� ovarian epithelial cancer� Lau (1991)�
Caov-4� HTB-76� Serous� ovarian adenocarcinoma subserosal of fallopian tube� �
OV90� CRL-11732� Serous� serous cancer - ascites� Provencher (2000) �
Hey� LD� Serous� xenograft grown from mod diff pap serous ovarian cancer� Buick (1985)�
ES-2 CRL-1978� Clear Cell� clear cell cancer- tumor� Lau (1991)�
SKOV 3 HTB-77� Clear Cell� adenocarcinoma-ascites; clear cell xenograft� Fough (1975)�
TOV-21g CRL-11730� Clear Cell� clear cell cancer- tumor� Provencher (2000)�
TOC-112d CRL-11731� Endometriod� endometriod cancer-tumor� Provencher (2000)�
2008 � Endometriod/Squamous� In xenograft endometriod w/ squamous differentiation� DiSaia (1972)�
A2780 � Undifferentiated� from untreated patient� Behrens (1987)�
 �   �
RESERVE LIST OF PRIMARY CULTURES FOR LATER MOLECULA R CHARACTERIZATION AND MARKER VALIDATION �
HE 109 � Serous Primary� primary culture, L ovary untreated Stage III serous cancer� �
HE 107 � Serous Primary� primary culture Stage III serous cancer� �
OVC 316 � Serous Primary� primary culture Stage Ivb serous cancer� �
OVC727, 7272 � Clear Cell Primary� primary culture, untreated Stage IIIC clear cell cancer� �
CS 909-5 � Clear Cell Primary� primary culture, ovary stage IV clear cell cancer� �
CS 838-5 � Clear Cell Primary� primary culture, ovary stage I clear cell cancer� �
CS 921-2 � Endometriod Primary� primary culture, ovary stage IIIC endometriod� �
CS 912-4 � Endometriod Primary� primary culture, ovary Stage IIIA endometriod� �
HE 72 � Endometriod Primary� primary culture, ascites from Stage IVA endometriod cancer� �
OVC 1102 � Endometriod Primary� primary culture, R ovary Stage IIB endometriod cancer� �
 �   �
RESERVE LIST OF SUBLINES FOR LATER MOLECULAR CHARAC TERIZATION �
A2780 CP70 � Undiff Resistant� moderate drug resistant subline A2780� �
A2780 C9200 � Undiff  Resistant� extreme drug resistant subline A2780� �
2008 CP13 5.25 � Endom/Squam Resistant� drug resistant subline 2008� Andrews, Shaw�
IGROV1 CP � Adenoca Resistant� drug resistant subline IGROV1� �
HOC1� LD� Serous� ascites sample from well differentiated serous cancer� Buick (1985)�
HOC7� LD� Serous� sample from HOC1 patient, taken after 9 months� Buick (1985)�

Cell Line References 
Andrews PA (1992) Cancer Res 52:1895-1901 
Behrens BC (1987) Cancer Res 47:414-418 
Benard J (1985) Cancer Res 45:4970-4979 
Buick RN (1985) Cancer Res 45:3668 
DiSaia PJ (1972) Am J Obst Gynec 114:979-989 
Eva (1982) Nature 295:116 
Fough J (1975) New Tumor cell lines 115-159 
Lau DH (1991) Cancer Res 51:5181-5187 
Provencher DM (2000) In Vitro Cell Dev Biol Anim 36:357-61 
Shaw TJ (2004) Molecular Therapy 10:1032-1042 
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DNA Methylation Biomarker Discovery 
 Once the culture conditions for the fifteen cell lines have been established, their sensitivity (IC50; 
50% inhibitory concentration) to the DNA methyltransferase inhibitor 5-aza-2’-deoxyctydine (5-aza-
CdR) will be determined for each cell line individually. The drug 5-aza-CdR will be freshly dissolved on 
the day of testing, since it is unstable in aqueous solution. Once the optimal concentration has been 
determined for each cell line, the cells will be treated in triplicate with 5-aza-CdR at the appropriate 
concentration and mock-treated in triplicate to generate six parallel cultures for each cell line.  The mode 
of action of this drug requires that it becomes incorporated into DNA, so it is essential that the cells are 
exposed to the drug for at least two full doubling times, but no longer, since this will lead to excessive 
toxicity. Generally drug exposure is for one to three days, depending on the cell line. The cells are 
allowed to recover from the drug treatment for six days before freezing, to enhance detection of 
persistent gene expression differences caused by DNA demethylation, as opposed to expression 
differences attributable to acute drug toxicity effects. Two cell pellets will be flash-frozen for each 
culture. One frozen cell pellet will be shipped to Pat Brown for RNA extraction and transcription 
profiling. The other cell pellet will be shipped to Peter Laird for DNA extraction and later methylation 
profiling. 
 Global gene expression will be profiled using DNA microarrays representing every known human 
gene, including identified splice variants. The triplicate samples of the same cells, isolated following 
treatment with 5-aza-CdR will be analyzed in the same way. This will thus entail analysis of a total of 6  
x 15 = 90 independent RNA samples/arrays. Because we expect that some of the experiments will need 
to be repeated due to technical factors, we have budgeted for 125 samples/arrays to allow for 
experimental problems. 
 In addition, the Brown lab will carry out DNA-microarray comparative genomic hybridization 
(array-CGH) to determine a high-resolution map of DNA copy number variation in the genomes of the 
15 selected cell lines. These analyses will be carried out in duplicate using DNA samples supplied by 
Peter Laird, obtained for DNA methylation profiling. Assuming that some experiments will need to be 
repeated, we have budgeted for 40 samples/microarrays for these analyses. The results will be compared 
with existing data from previous array-CGH analyses of human ovarian cancer specimens, to provide an 
additional basis for relating these cell lines to corresponding molecular subtypes of ovarian cancer. The 
data will also be analyzed along with the 5-aza CdR treatment results (below) to provide an additional 
basis for identifying the genes most likely to be good candidates for methylation markers, based on the 
premise that genes whose deletion is frequently associated with ovarian tumorigenesis are more likely 
also to be  targets of epigenetic silencing be promoter methylation in these tumors. 
 We intend to incorporate an in-depth analysis of oncogene and tumor-suppressor gene mutations in 
the 15 core cell lines. This information will be invaluable in the classification of the cell lines, and may 
also yield candidate mutation-based nucleic acid markers for blood-based early-detection assays. This 
part of the project will likely receive input from Frank McCormick and Pat Brown. As the project 
evolves, it is also likely that many of the molecular characterizations will be extended to the primary cell 
cultures and drug-resistant sublines held in reserve. 
 The comparative analysis of the gene expression patterns in the presence and absence of 5 aza-
cytidine treatment will use pair-wise comparisons of triplicate samples from each cell line under the two 
different conditions to identify genes with potential promoter methylation. A modified T-test, using a 
permutation method to provide a non-parametric test of significance will be used to identify and 
evaluate genes whose expression is consistently and significantly increased by 5AC treatment – these 
will provide candidates for DNA methylation marker development, as well as providing clues to 
potential tumor suppressor genes. The 100 gene loci with the most consistent and strongest upregulation 
upon 5-aza-CdR treatment will be selected for MethyLight assay development at USC. The resulting 
100 Methylight reactions will be tested on the 60 DNA samples from the original experiment, to 
evaluate the efficiency of this screening approach in general, and to ascertain the correlation between 
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promoter CpG island hypermethylation and gene expression levels for individual genes across all 60 
samples from the 15 cell lines. 
 
Data Integration and Selection of Cell Lines for Protein Biomarker Development 
 The global gene expression patterns of each cultured cell line will be compared with corresponding 
patterns in a panel of more than 90 actual ovarian cancer profiles to relate these cell culture models to in 
vivo tumors, identify systematic differences, and guide our selection of a subset of these cell lines for 
proteomic analysis by Sam Hanash, and further DNA microarray analysis of membrane-secreted 
proteins. We will use the data obtained from the mock-treated cell lines in the DNA methylation screen 
for this purpose (see Figure 2). We plan to select four of the cell lines for further study, based on these 
data. The selection will be made in consultation with Sam Hanash and other members of the SAB, based 
on the similarity of their gene expression patterns to human ovarian cancers, and on the ability of the 
cell lines to be cultivated in low protein, synthetic medium with high viability and good growth 
characteristics.  
 For the selected four cell lines, global transcript profiles will be determined using DNA microarrays, 
this time with the cell lines grown in defined, low-protein synthetic medium, so that a direct comparison 
can be done with the proteomic data. In these follow-up studies, total mRNA, as well as membrane 
associated, and non-membrane associated polysomal fractions, will be profiled to identify and 
distinguish putative membrane-secreted proteins and intracellular, cytosolic or nuclear proteins, 
respectively. These follow-up studies will involve scaled up culture and fractionation, with microarray 
analysis of 3 fractions (total RNA, membrane associated polysomes, and cytosolic polysomes) from 
each cell line, with each of these fractions isolated and analyzed in triplicate – a total of 36 RNA 
samples/microarrays. To allow for the inevitable technical problems and additional controls, etc., we are 
budgeting for a total of 50 RNA isolations and microarray analyses. 
 The data will be deposited in the Stanford Microarray Database, where it will be analyzed using 
statistical tools and software that we’ve already developed specifically for these kinds of tasks. All the 
data will be made freely available to collaborating researchers prior to publication, and to the world after 
publication, through the Stanford microarray database and other public repositories.  
 
Studies of proteins secreted by ovarian cancer cell lines 
 A set of 15 human ovarian cancer cell lines will be chosen that broadly represent histologic subtypes 
and the spectrum of genomic alterations known to occur in ovarian cancer. Additional criteria include in 
vitro growth conditions that are suitable for the genomic and proteomic studies planned. A 
representative subset of these (4 cell lines) will be selected for proteomic studies in the light of their 
gene expression patterns indicative of their representation of ascertained subtypes of ovarian cancer. By 
identifying proteins uniquely secreted by ovarian cancer cells, we will in essence be generating a catalog 
of potential markers for the early detection of ovarian cancer. In addition, since many secreted proteins 
are involved with cell-cell and cell-stroma communication and modification, we will also gain a more 
complete picture of which molecular signals from the cancer cell may be contributing to its ability to 
grow and invade the surrounding stroma. In this aim we will use isotopic labeling to specifically 
generate a proteomic profile of cancer specific cell-secreted proteins and quantitatively determine the 
levels of these secreted proteins in different ovarian cancer cell types. The addition of labeled essential 
amino acids into amino acid deficient cell culture media “labels the proteome” as the isotope is 
incorporated into proteins as they are synthesized. Isotopically labeled proteins are then detected via a 
shift in the ion peaks with the mass spectra. The isotopic peak ratios derived from these shifts are highly 
accurate and can be used quantitatively. Using a similar approach for a liver cancer cell line, we have 
identified 400 proteins based on criteria of a minimum of two peptides identified by LC/MSMS.  
 In this aim, we will maintain the ovarian cancer cells in leucine free media supplemented with 13C6 
Leucine for 6 doublings to insure complete incorporation of the labeled amino acid. To lessen the 
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amount of harvested proteins from the serum, cells will be transferred to serum-free media and cultured 
for 16 hours prior to harvesting the cell culture media. Concurrent with the media harvest, RNA will be 
isolated from the cells for cDNA microarray analysis in the Brown laboratory. As a reference, OSE 
primary cells or a cell line chosen as control/reference will be cultured and harvested identically to the 
ovarian cancer cell lines except with 12C6 leucine in place of the 13C6 Leucine. The harvested media will 
then be concentrated with centricon filters, the cancer and primary cell media samples combined, 
followed by separation via 1D SDS-PAGE gel electrophoresis. Proteins fractions from 1 D gels will be 
identified by mass spectrometry using a LTQ-FT mass spectrometer. The large changes in isotopic peak 
ratios of identified proteins will indicate which secreted proteins are unique to cancer cells. These shifts 
will also distinguish between cell-derived proteins and media-derived proteins. Proteins will be 
compared between cell lines to define secretion fingerprints. Selected proteins will be validated by 
Western blotting of harvested media from each cell line. If antibodies are not available, they will be 
generated for promising candidates.  
 The secreted protein profiles will be compared to the cDNA microarray profiles generated in the 
concurrently isolated RNA. Merging the two data sets will determine the limits between proteomics and 
transcriptomics. The comparison of these data sets will determine the accuracy and utility of algorithms 
for determining secreted proteins for future tumor based studies. By combining the results of these 
datasets, we will potentially be creating a comprehensively validated molecular characterization of 
proteins secreted by ovarian cancer cells. 
 
Cell surface and membrane protein studies 
 In addition to defining secreted proteins that may have utility as blood based biomarkers, there is 
substantial interest in identifying cell surface proteins that may have utility as diagnostic and therapeutic 
targets. Additionally, there is economy of scale by combining cell surface proteomic work with secreted 
protein studies for the same cultured cells. It is also of interest to correlate cell surface protein 
expression with secreted proteins as some secreted proteins may be derived from cleaved membrane 
proteins. It is therefore proposed to undertake comprehensive analysis of cell surface proteins for the 
same ovarian cancer cell lines analyzed for secreted proteins. 

Figure  1. Biological Categor ies of Ce ll Surface  Pro teins  Identified in Adenocarcinom as
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 The Hanash laboratory has developed a process for comprehensively profiling the surface proteome 
of intact cells using a biotin-based system. This approach is capable of detecting and identifying low 
abundance and differentially expressed proteins and has been successfully applied to profile many 
cancer cell lines. Figure 1 (should be Figure 2 in this document) delineates the wide spectrum of cell 
surface proteins identified in cancer adenocarcinomas by the Hanash lab. Data from cell surface protein 
profiling can be integrated with genomic and transcriptomic profiles obtained by other members of the 
consortium in order to ascertain the expression pattern of corresponding genes. 
 The cell surface proteome will be profiled from the same 4 ovarian cancer cell lines utilized for 
secreted protein analysis. In addition, we will also profile the surface proteome of an OSE (ovarian 
surface epithelium) primary cell line that has been immortalized with SV40 T-antigen and does not 
exhibit tumorigenic growth when implanted in nude miceto be used as a control. Comparison between 
the proteomic profiles of this cell line and the tumor derived cell lines will be useful for determining 
surface protein expression patterns in cancer relative to non-tumorigenic ovarian epithelial cells. 
 For cell surface proteome analysis, cell surface proteins from 2.0x109 cells will be labeled with EZ-
Link sulfo-NHS-LC-biotin, solubilized in non-ionic NP-40 detergent, and purified using ImmunoPure 
immobilized monomeric avidin columns. Eluted proteins will be further separated by HPLC and 1-D 
SDS-PAGE gels and subjected to identification by mass spectrometry. A molecular fingerprint will be 
generated by comparing identified proteins between the samples and then comparing the most 
statistically significant proteins between cancer subtypes. The proteins of each fingerprint will be 
validated by Western blot or FACS analysis using available antibodies. If antibodies are not available, 
polyclonal antibodies will be generated for the most promising candidates. 
 The protein profiles will be compared to the cDNA microarray and methylation profiles generated 
by the other members of the consortium. Such analysis will allow us to determine the gaps between 
proteomic and genomic analysis.  
 
Data analysis 
 The combination of proteomic and genomic data for ovarian cancer cell lines together with data to 
be subsequently derived from tumors and biological fluids will allow us to obtain quite comprehensive 
molecular profiles of ovarian cancer. The statistical analysis of this type of data will benefit from 
substantial experience in the participating laboratories in the analysis of high dimensional data and 
through collaboration with statisticians at the investigators’ institutions. The data will become a part of 
an ovarian data/biomarker database/repository. 
 

 


