Rationale

Molecular therapeutics is a relatively novel approach that targets abnormalities in signaling pathways that play critical roles in tumor development and progression. Kinases and phosphatases control the reversible process of phosphorylation and are dysregulated in many diseases including cancer. Protein and lipid phosphorylation regulates cell survival signaling. Targeting kinases and phosphatases are paramount for improving therapeutic intervention. In this regard, it is critical to define qualified cellular targets for cancer diagnoses and prognoses, as well as accurately predict and monitor responsiveness to therapies.
The reverse phase protein microarray (RPPA) is a recently developed quantitative assay that analyzes nanoliter amounts of sample for potentially hundreds of proteins.  This antibody-based assay determines levels of protein expression, as well as protein modifications such as phosphorylation, cleavage, and fatty acid modification.  RPPA allow concordant interrogation of multiple signaling molecules and their functional status.  We utilized the RPPA to profile and validate signaling networks in human cancer cell lines and tumor tissue.
In essence, the RPPA study has major strengths in identification and validation of cellular targets, characterization of signaling pathways and networks, as well as determination of on and off target activity of novel drugs. Each sample is analyzed for cell cycle progression, apoptosis, functional proteomics, and signaling network activity. The result will be classified and compared with disease patterns to generate a “molecular signature”. The integrated information will display the potential therapeutic targets or biomarkers to accurately predict or rapidly define intracellular signaling networks and functional outcomes affected by therapeutics. 

Thus, the RPPA approach provides a method to assess multiple markers in a global manner. Linking robust pathway mapping approaches to molecular therapeutics should provide an expanding repertoire of validated biomarkers and targeted therapeutics for clinical evaluation.

Availability of key reagents required for execution of the high throughput RPPA project

We have extensively validated antibodies suitable for RPPA. Only antibodies with a single or dominant band on western blotting are further assessed by direct comparison to RPPA using cell lines with differential protein expression or modulated with ligands/inhibitors or siRNA for phospo- or structural proteins, respectively. Only antibodies with a Pearson correlation coefficient greater than 0.7 between RPPA and western blotting as well as wide dynamic range will be used. Further, these antibodies are assessed for specificity and quantification using phospho- and non-phosphopeptides arrayed on nitrocellulose-coated slides. Please refer to the attached list of RPPA-validated antibodies.

We have full access to a Tecan robotic liquid handling system for serial dilution of cell lysates and sample transfer; a G3 GeneTac arrayer and an Aushon 2470 arrayer for printing of up to 24 (G3) or 100 slides (2470) per run with several automated runs feasible in a day; a Biogenix i600TM and two DAKO Universal Staining systems that probes each slide with a different antibody. Each autostainer is capable of staining approximately 60 slides per day under conditions that are specific for each individual antibody.

Approach

At the current stage, we perform RPPA on the samples prepared from frozen tissue or from cultured cell lines.

For tumor tissue, we extract proteins from 8-10 mg of snap frozen tissue by homogenizer or ceramic beads. Protein concentration will be determined and adjusted to 1ug/ul. Protein will be denatured by SDS. 

For cell lines, we prefer a 96-well or 6-well format to get enough protein for the entire procedure. Briefly, we will select cell lines based on a specific disease model. 

Cells will be seeded in 96-well or 6-well plates and treated with different manipulations according to experiment design. Cells will be lysed in 96-well or 6-well plates and denatured by SDS. 

Cellular or tissue lysates will be serial diluted to define the linear range of each antigen-antibody reaction. Lysates will be printed on nitrocellulose-coated slides and probed with validated antibodies that recognize signaling molecules or their activated forms. Signals will be captured by tyramide dye deposition (CSA System, DAKO). 
Data will be collected and analyzed using quantification software specifically developed for this approach (http://www.vigenetech.com); this software has multiple features that have been developed by the company in collaboration with our group including automated spot identification, background correction, controlling for location, serial dilution-signal intensity curve construction and concentration determination. The values derived from the slope and intercept will be expressed relative to standard control cell lysates or control peptides on the array. 

We will analyze the data for the presence of clusters based on differential protein expression by using available methods with the R statistical software package (http://cran.r-project.org). We will use a variety of unsupervised clustering methods (including hierarchical clustering, K-means, independent component analysis, mutual information, and gene shaving) to classify the samples into statistically similar groups. We will evaluate the robustness and statistical significance of these groups using bootstrap resampling of the data. By plotting the data under each conditions or each disease pattern independently, we will be able to evaluate linked events and to create a database for pathways and networks. Alterations in important signaling molecules in multiple pathways will be correlated to the data from cell survival assay or patient outcomes and integrated to allow rapid assessment of functional proteomics. 

