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Abbreviations Used: 

 

ATCC, American Type Culture Collection: A non-profit repository and worldwide 

distributor of various cell lines and primary cell types used for cell biology research. 

CPTI, Clinical Proteomics Technologies Initiative: An initiative launched by the 

National Cancer Institute to accelerate advances in the prevention, diagnosis, and 

treatment of cancer through the use of proteomic technologies. 

ELISA, enzyme-linked immunosorbent assay 

HPA, Human Protein Atlas: An initiative funded by the Knut and Alice Wallenberg 

Foundation designed to allow the systematic exploration of the human proteome through 

affinity (antibody) proteomics, combining high-throughput generation of affinity-purified 

(mono-specific) antibodies with protein profiling using tissue arrays. 

HPR, Human Proteome Resource: Located in Stockholm and Uppsala, Sweden, the 

HPR Center oversees the HPA and produces specific antibodies to human target proteins 

using a high-throughput method involving the cloning and protein expression of protein 

epitope signature tags. 

IP, intellectual property 

MS, mass spectrometry 

NCI, National Cancer Institute 

PrEST, protein epitope signature tag: Made in vitro from predicted coding regions of 

the human genome, PrESTs are used to generate antibodies as part of an affinity-based 

proteomics strategy.  
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SISCAPA, stable isotope standards and capture by anti-peptide antibodies: A 

methodology for quantitating peptides in complex digests using anti-peptide antibody 

chromatography and electrospray mass spectrometry. 

SOP, standard operating procedure: A set of instructions that serve as a guideline for 

those features of operations that lend themselves to a definite or standardized procedure 

without loss of effectiveness. 

XML, extensible markup language: A subset of Standard Generalized Markup 

Language, XML is a way to represent data that facilitates data sharing across different 

systems. 
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Summary: 

 

On the basis of discussions with representatives from all sectors of the cancer research 

community, the NCI recognizes the immense opportunities to apply proteomic 

technologies to further cancer research. Validated and well-characterized affinity capture 

reagents (e.g., antibodies, aptamers, affibodies) will play a key role in proteomic research 

platforms for the prevention, early detection, treatment, and monitoring of cancer. To 

discuss ways to develop new resources and optimize current opportunities in this area, the 

National Cancer Institute (NCI) convened the “Proteomic Technologies Reagents 

Resource Workshop” in Chicago, IL on December 12-13, 2005. The workshop brought 

together leading scientists in proteomic research to discuss model systems for evaluating 

and delivering resources for reagents to support mass spectrometry (MS) and affinity 

capture platforms. Speakers discussed issues and identified action items related to an 

overall vision for and proposed models for a shared proteomics reagents resource, 

applications of affinity capture methods in cancer research, quality control and validation 

of affinity capture reagents, considerations for target selection, and construction of a 

reagents database. 

 

The meeting also featured presentations and discussion from leading private-sector 

investigators on state-of-the-art technologies and capabilities to meet the user 

community’s needs. This workshop was developed as a component of the NCI’s Clinical 

Proteomics Technologies Initiative for Cancer (CPTI; http://proteomics.cancer.gov) a 

coordinated initiative that includes the establishment of reagent resources for the 
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scientific community. This workshop report explores various approaches to develop a 

framework that will most effectively fulfill the needs of the NCI and the cancer research 

community. 
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1.0 Background 

 

Cancer is a leading cause of death worldwide, and the evolving nature of tumors 

challenges investigators who wish to understand the myriad molecular processes that 

govern tumor formation. Tumors often metastasize before they can be detected, making 

them difficult to effectively diagnose early, treat, and control. One potential solution to 

this problem is to develop clinical protein-based systems that can detect and monitor 

cancer processes. To be clinically useful, however, these high-throughput proteomic 

technologies must identify low-abundance proteins linked to cancer processes, be 

sufficiently specific and sensitive to support diagnostic monitoring applications, and be 

reproducible and scalable for clinical use.  

 

The National Cancer Institute (NCI) convened the “Proteomic Technologies Reagents 

Resource Workshop” in Chicago, IL on December 12-13, 2005 to identify the cancer 

research community’s expressed needs for validated and well-characterized affinity 

capture reagents (e.g., antibodies, aptamers, affibodies) to advance proteomic research 

platforms for the prevention, early detection, treatment, and monitoring of cancer. The 

workshop brought together leading scientists in proteomic research to discuss model 

systems for evaluating and delivering affinity reagents to the research community to 

support proteomic-based research. This workshop represented the latest effort in an 

ongoing dialogue between the NCI and the scientific community to enhance the 

applications of these technologies in discovery and translational research (1-4).  
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On the basis of discussions with representatives from all sectors of the cancer research 

community, the NCI recognizes the immense opportunities to apply proteomic 

technologies to mission-critical problems in cancer research. In particular, the Institute 

addressed the community’s concerns for access to affordable, well-characterized, highly 

validated affinity reagents. A community resource that supports such reagents would 

accelerate biomarker discovery, cancer diagnostics development, and therapeutics 

monitoring.  Based on these community needs, the Workshop Steering Committee invited 

speakers and guests to participate in discussions on a variety of topics, including: 

 

• A vision for a shared proteomics reagents resource 

• Opportunities to advance proteomic technologies for cancer research 

• Proposed models for an antibody reagent resource 

• Applications of affinity capture methods in cancer research 

• Affinity capture reagents and quality control/validation 

• Target selection 

• Database development 

• Next steps toward building a shared resource  

 

The meeting included presentations and discussions from leading industry representatives 

and academic investigators on state-of-the-art technologies and capabilities to meet the 

user community’s needs. This workshop was developed as a component of the NCI’s 

Clinical Proteomic Technologies Initiative for Cancer (CPTI; 

http://proteomics.cancer.gov) a coordinated initiative intended to evaluate, optimize, and 
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advance proteomic technologies, informatics, and reagents to improve reliability and 

analytical validation (for a perspective on a proteomics initiative that incorporates a 

reagents resource, see Aebersold, et.al (5)).  Launched in 2006, the CPTI is a 5-year, 

$104 million-dollar initiative comprised of three core technology-development programs: 

the Clinical Proteomic Technology Assessment for Cancer (CPTAC), the Advanced 

Proteomic Technologies and Computational Sciences programs, and the Proteomic 

Technologies Reagents and Resources Core (Figure 1). Together, these three programs 

are designed to increase the reliability and reproducibility of proteomics research results, 

thereby enabling these technologies to be translated ultimately to the clinical setting. The 

CPTAC and Advanced Proteomic Technologies and Computational Sciences programs 

are intended to fund research teams to rigorously assess and optimize current proteomic 

platforms and to push the envelope for innovative technologies and data analysis 

schemes, respectively. By contrast, the Proteomic Technologies Reagents and Resources 

Core will serve the broader biomedical and life science communities by organizing tools, 

reagents, and enabling technologies to support protein/peptide measurement technology 

development efforts. These highly purified, standardized, and characterized reagents will 

be used to support improved approaches to sample preparation, fractionation, separation, 

detection, and quantitation for proteomics research. 

 

The CPTI is not itself a cancer biomarker discovery initiative, but rather a technology-

focused initiative designed to address current difficulties with the reproducibility of 

measurements, or the analytical validation, of proteomic platforms.  In the absence of 

reliable measurements, it is difficult (if not impossible) to enable subsequent clinical 
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validation of candidate biomarkers discovered using proteomic technologies. Such 

candidate biomarkers are only as reliable as the tools used to measure them.  

Reproducible proteomic research results will rely on high-quality, well-characterized, and 

easily accessible reagents, particularly affinity capture reagents such as antibodies.   

Optimized reagents will require detailed performance measurements across multiple 

platforms.  This report will examine various aspects of affinity capture reagents and 

resources that will help fulfill the needs of the NCI and clinical proteomics researchers 

and enable the greatest impact on the cancer research community. 

 

2.0 Affinity-Capture Reagents in Discovery and Translational Research 

 

The mapping of the human genome and advances in proteomic technologies have spurred 

interest in the application of molecular diagnostics (e.g., DNA- and protein-based 

biomarkers) to detect, diagnose, and treat various cancers. Successful utilization of DNA-

based diagnostics in the treatment of cancer has been demonstrated by targeted antitumor 

agents such as trastuzumab (6), imatinib mesylate (7), erlotinib (8), and gefitinib (8). 

However, measurement of DNA-based molecular markers requires invasive sampling of 

tumor tissue, thus limiting approaches for targeted diagnostic and therapeutic applications 

of these markers. Hence, despite these success stories, applications of DNA-based 

biomarkers of cancer to the prevention, early detection, treatment, and monitoring of 

disease have been limited to date. In contrast, circulating protein-based biomarkers offer 

a minimally-invasive option to aid in the early detection of disease.  
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While molecular diagnostics represent critical elements for personalized disease 

screening and treatment, the successful translation of a diagnostic biomarker from 

discovery to routine clinical application remains relatively rare. A diagnostic tool’s 

clinical value is grounded in its robustness and reliability; the ability to measure a disease 

marker accurately (e.g., with high sensitivity and specificity), reproducibly, and rapidly 

ultimately determines the marker’s commercial application. Large-scale assays and 

bibliometric searches have identified hundreds of candidate biomarkers for various 

cancers, creating a plethora of preliminary genomic and proteomic data. Sifting through 

this vast amount of information to test priority candidates requires sophisticated, 

selective, and high-throughput molecular methodologies that include well-characterized 

and validated assays and reagents.  

 

Profiling of differentially-expressed proteins in normal and malignant tissues will support 

the development of a catalog of candidate biomarkers for various disease states (9,10).  

Proteomic technologies enable the identification and measurement of these potential 

biomarkers of disease in serum, plasma (11), urine (12), tissue (13), and tumor interstitial 

fluid (14). Combinatorial proteomic applications contribute to the understanding of the 

functional organization of the human proteome through characterizations and 

measurements of protein abundance, post-translational modifications, protein-protein 

interactions (15), and correlation of disease phenotype with protein profiles (13). Applied 

clinical proteomic technologies offer a strong potential for early cancer detection and a 

strategy to evaluate tumor progression, response to treatment, metastasis (16), and 

recurrence (12).  
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However, reliably measuring the concentrations of these candidate cancer proteins at low 

levels (ng/mL to pg/mL) in plasma and other body fluids presents a bottleneck in the 

development of protein-based molecular diagnostics. Protein-based tests require precise, 

high-throughput measurements enabled by highly-characterized, validated affinity 

reagents. Yet biologically available proteins and potential biomarkers are being reported 

at a rate that outpaces the production and characterization of antibodies using 

conventional methodologies (17). Low-throughput screening methods for monoclonal 

antibodies, arguably the optimal reagent of choice for proteomic analyses, have pushed 

the development of a number of automated, higher-throughput approaches for antibody 

production (17-20). As these techniques become more refined, reagent production should 

increase, making the characterization and analytical validation of these reagents 

increasingly crucial for broad application in proteomics.  

 

Well-characterized and validated affinity capture reagents will be valuable and integral 

components in the development of advanced proteomic technology platforms. Innovative 

antibody-based methods to improve protein measurements, such as stable isotope 

standards and capture by anti-peptide antibodies (SISCAPA), are already being applied in 

mass spectrometry platforms to quantify peptides in complex mixtures (21). Additionally, 

the combination of microarray technology and proteomic reagents has led to the 

development of “proteome chips,” which offer the potential for the multiplexed analysis 

of hundreds to thousands of proteins in parallel (22,23). These chips represent a 

promising application for large-scale, cost-effective screening for numerous proteomic 
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applications, including identifying protein-drug and protein-lipid interactions and post-

translational modifications (24).  

 

While antibodies are currently the most mature reagents for large-scale applications, 

variability in design and production parameters, along with a shortage of economical, 

renewable capture reagents such as monoclonal antibodies, have hampered extensive 

technological development and assessment of this platform. The development of affinity 

capture assays capable of surpassing the current validation standard, enzyme-linked 

immunosorbent assay (ELISA), is both costly and labor-intensive. Equally daunting is the 

reality that commercially available antibodies are often poorly annotated and are not 

validated for specific applications, leaving researchers guessing as to whether a particular 

antibody is appropriate to their research needs and resulting in a needless waste of time, 

money, and effort. The widespread availability of well-characterized affinity reagents 

will greatly accelerate biomarker discovery and validation by facilitating time- and 

resource-intensive development of immunoassays to measure specific biomarker 

candidates.   

 

The field of proteomics and protein-based diagnostics has reached a stage for rapid 

advancement; tremendous opportunity exists to develop useful, meaningful resources to 

support future technology development and commercialization. A centralized (virtual) 

repository of affinity reagents with publicly-available characterization/validation data 

will help to ensure reliable results and facilitate inter-laboratory data comparison. Such a 

resource will greatly accelerate the development of proteomic technology platforms to 
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identify protein biomarkers for the early detection of cancer and serve the greater 

research community as a hub to communicate and disseminate data and information. 

 

3.0 Key Considerations for a Shared Reagents Resource for Cancer Research 

 

The workshop participants agreed that, to maximize impact, a shared reagents resource 

should: 1) serve the broader scientific community; 2) coordinate efforts in 

characterization, validation, annotation, and database development; and 3) incorporate 

novel, inexpensive, scalable, high-throughput technologies for future expansion to target 

the entire human proteome. These focal points advocate that the NCI and other funding 

institutions should use available resources to strike a balance between characterizing 

existing capture reagents, coordinating target selection for new reagents, and supporting 

advances in technology that will accelerate the production of new reagents.  

 

The current challenges that cancer investigators face with respect to affinity capture 

reagents may be illustrated by the case of monoclonal antibodies, currently the most 

mature affinity capture methodology. Numerous antibodies and commercial pipelines for 

antibody production are currently in place. However, the majority of antibodies are 

poorly characterized and not adequately validated for the variety of applications of 

interest to the research community (Table 1). As such, the user must navigate through an 

increasingly complex marketplace to determine if data are available on an antibody’s 

binding characteristics and whether the antibody is suitable for a specific application. For 

example, a query of BioCompare (www.biocompare.com), an online search tool for 
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scientific products and resources, for monoclonal antibodies to “p53” returns more than 

1300 choices representing more than 50 vendors. These antibodies vary widely in 

application, design controls, validation parameters, supporting documentation, and cost. 

Conversely, a search for emerging candidate biomarkers, such as “CA27.29,” a recently 

identified candidate biomarker for breast cancer (25), yields no results. Additionally, a 

query for “CA15.3” identifies several vendors with available monoclonal antibodies to 

this candidate breast cancer marker, whereas a syntactical change to “CA 15.3” returns 

no results. 

 

This example identifies several needs of the cancer research community. First, a set of 

well-characterized and validated capture reagents with readily accessible supporting data 

will conserve resources by enabling investigators to rapidly determine reagent suitability 

for specific applications. Second, identifying the gaps in reagent needs will support the 

development of well-characterized antibodies to prospective and emerging targets for 

which there is no established commercial market. Third, appropriate annotations and 

ontologies will be needed for each of these resources to accommodate the variety of 

search terms used to query for the same resource and enable researchers to locate the 

reagents that best meet the needs of their research projects. In addition, streamlined, high-

throughput methods of reagent preparation can improve the cost efficiency of production 

and characterization, thereby resulting in the development of advanced proteomic 

analysis platforms. A centralized shared reagents resource will therefore serve the 

research community most effectively by coordinating and maintaining an open-access 
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database of primary characterization and validation data for new and existing affinity 

reagents.   

 

Among the key considerations in developing this central reagent resource is how to 

balance support for currently-accepted technologies and procedures with that for 

developing platforms. Efforts must be carried out that aim to generate novel, high-

throughput technologies that will lower the cost of future affinity reagents and analysis 

platforms without sacrificing quality of results. The resource should therefore support 

popular applications (e.g., Western blots, ELISA, immunofluorescence/fluorescence 

activated cell sorting, immunoprecipitation, and immunohistochemistry [IHC]) as well as 

emerging technologies (e.g., SISCAPA, microarrays). The resource should also provide 

antibody validation data that address the characterization of reagents (e.g., sensitivity, 

accuracy of binding, target specificity) for use in specific applications.  

 

Target selection and reagent tracking require the construction and maintenance of a 

database of existing affinity reagents linked to their associated characterization/validation 

data. A viable shared reagents resource should therefore guide identification of targets for 

reagent development, track reagents through a “reagent pipeline,” and provide publicly-

available screening and validation data of these reagents. A number of suitable paths exist 

to identify protein targets for the reagents pipeline, including literature searches, 

proteomics discovery efforts, microarray studies, pathway analysis, and systems biology. 

A database of accessible affinity reagents may be collected from catalogs of existing 

commercial antibodies or online resources. A shared reagents resource should also 
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provide a user interface scheme for prioritizing candidate and new reagents. Possible 

prioritization schema for candidate reagents include bibliometric scoring (the number and 

impact factor of literature citations), requests from the user community supported with 

scientific data, and strategic input from the resource steering committee. In addition, 

target applications can be prioritized and placed in the queue within several months of 

startup. 

 

Creating a “reagent pipeline” requires the development of a high-throughput mechanism 

for generating each antibody type (e.g., expressed whole target protein antigens, protein 

epitope signature tag (PrEST), protein domain antigens, or synthetic tryptic peptide 

antigens coupled with carriers). The initial phase of this process may begin by acquiring, 

screening, and validating existing commercial antibodies against high-priority candidates. 

Additionally, vendor pipelines for the streamlined production of antigens and 

complementary monoclonal antibodies should be established. This approach offers the 

opportunity for selected hybridoma clones to then be banked with the American Type 

Culture Collection (ATCC) under an open intellectual property (IP) policy so that 

investigators can obtain the clones and produce antibodies independently, if desired. 

 

The integrity of this pipeline rests on the open availability of accurate and reliable 

screening and validation results. In this and other NCI-sponsored workshops, the user 

community has reiterated its need for a minimal data set in the primary screening and 

validation of antibodies. To evaluate the specificity of antibody binding within a complex 

mixture, three criteria should preferably be assessed: 1) The antibody’s affinity to the 
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denatured protein or epitope (and actual epitope amino acid sequence when known), 2) 

the antibody’s affinity to the target protein in vivo, and 3) the antibody’s selectivity to 

pull down the bound protein from a complex biological mixture. These criteria could be 

met through a minimum set of curated data that includes Western blots, IHC, and 

immunoprecipitation data, respectively. An example of a virtual validation antibody 

resource is illustrated by the Swedish Human Proteome Resource’s (HPR) Human 

Protein Atlas (HPA; www.proteinatlas.org), which requires validation through IHC 

applied to tissue arrays (26). Additional supporting validation for the reagents’ pipeline 

through antigen-based assay (e.g., ELISA), adsorption tests, flow sorting, and 

immunoprecipitation could also be included as supplementary validation components. 

 

This model offers several options when considering infrastructure design for a shared 

resource. Based on these three criteria, primary screening and validation centers that 

focus on minimal requirement applications (e.g., Western blot, IHC, 

immunoprecipitation) could be established to screen large numbers of antibodies. 

Secondary screening and validation centers may also be established to further 

characterize promising antibodies selected in primary screening for detailed affinity 

characterization (e.g., binding affinity kinetics, specificity, and cross-reactivity) or 

application-specific characterization (e.g. ELISA, microarray, SISCAPA).  These centers 

need not only be government facilities charged with conducting the assessment, but could 

also be independent facilities with the proven capabilities to conduct and document the 

performance criteria.  While it is likely that different capture reagents will vary in their 

performance across different assays, it will be essential for protocols used at the testing 
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sites to be transparent and include all associated data from the different assays.   

Regardless of how the testing reagents and resources are configured, raw experimental 

data should be stored in a publicly-accessible database. As such, curation will become 

critical to maintain the quality and integrity of all user-submitted data. For example, to 

balance the data deposited through the user community, the HPA re-validates all 

submitted antibodies to determine suitability for acceptance and subsequent publication 

in its database. Whether the NCI should support a similar model by conducting validation 

internally or by certifying external validation centers is an issue that remains open for 

consideration.  

 

This reagents resource will integrate with many existing NCI resources, including the 

Cancer Biomedical Informatics GridTM (caBIGTM; http://cabig.nci.nih.gov) to link the 

data associated with these resources and the Early Detection Research Network (EDRN; 

http://edrn.nci.nih.gov) to provide high quality reagents for clinical validation studies. 

Additionally, this resource will complement ongoing NCI programs that support the goals 

of the CPTI, such as the development of standardized guidelines for biospecimens 

collection, analysis, and storage currently underway at the Office of Biorepositories and 

Biospecimen Research (OBBR; http://biospecimens.cancer.gov/). 

 

4.0 Maximizing Value to the Research Community 

 

Factors to be considered when designing a shared reagents resource include the selection 

of protein targets and reagent platforms, production and distribution parameters, and an 
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informatics infrastructure to support the collection, storage, analysis, and distribution of 

data generated by resource users. Considerations for these elements are discussed in the 

sections below. 

 

4.1 Optimizing Target Selection. Selection of proteins for further characterization and 

reagent development must follow a well-defined and logical scheme, and these target 

proteins may be identified using several strategies based on the current state of 

knowledge in the field. One approach is to incorporate proteins currently under active 

investigation by the scientific community. For example, target proteins with supporting 

data that suggest their relevance to the biology or pathogenesis of cancer may be 

recommended for detailed characterization. A user market exists for antibodies produced 

to these candidate cancer proteins, thus providing a commercial incentive to companies 

that develop affinity reagents. Alternately, the deliberate choice of novel candidates 

uncommonly studied by the scientific community may fill gaps in research resources for 

promising clinically-relevant proteins that do not yet have affinity reagents available. 

Such targets may include low-abundance serum proteins, extracellular proteins, or 

proteins that are predicted to be soluble, secreted, or localized on cellular surfaces. 

Because limited data would exist on these candidates, duplication of effort may be 

minimized by strategically aligning the development and characterization of antibodies 

directed at these targets. However, the absence of a well-developed market may 

discourage companies from investing in the research and development necessary to 

produce these new antibodies without added incentives or support from the NCI.  

Regardless, it is unlikely that one affinity capture reagent will be able to meet all the 
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needs for protein measurements in the variety of assays available.  Therefore, panels of 

reagents to the same target protein should be developed and selected for binding to 

different regions or epitopes within this protein.  Doing so will also provide flexibility in 

research platforms and support innovation by providing a variety of options to the end 

user.  The choice for target selection and the number of capture reagents designed should 

also be balanced by reagents that are already commercially available.  

 

Data sources to support target candidate selection include: 

• Literature surveys 

• Databases such as MedGene 

• Swedish Human Proteome Resource (HPR) data (as it becomes available) 

• Mining of microarray, comparative genomic hybridization, or proteomics datasets 

• Published and validated data that identify novel candidate biomarkers or 

molecular disease targets 

 

Anderson et al have used a combination of literature search with chromatographic and 

mass spectrometric methodologies on human plasma samples to generate a non-

redundant list of 1175 distinct gene products experimentally identified in human plasma, 

suggesting the presence of a number of biologically available candidate marker proteins 

(27). Using a similar bibliometric approach, citation frequency analysis of candidate 

cancer biomarker proteins can be used to score protein targets. These data can be tracked 

and updated to yield a target selection method based on the publication history of a 

particular putative cancer biomarker. Such scoring serves as a surrogate measure of 
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interest within the scientific community for characterization of the protein. A second 

method for selecting targets involves evaluating candidates through the MedGene 

database (http://hipseq.med.harvard.edu/MEDGENE), which allows users to enter a 

disease target and retrieve a rank-ordered list of genes associated with that disease based 

on Medline co-citation analysis. A third option for candidate selection could be mining 

publicly available data sets (e.g., microarray data) for potentially interesting targets.  

These approaches would provide the expression and possible localization of proteins in a 

variety of normal human tissues and cancer cells to suggest novel targets for disease. 

Candidates consistently discovered from all of these sources could be pooled to provide a 

list of at least 1,000 protein targets.  

 

In addition to literature and database survey, candidate selection may also be driven by 

organized groups of investigators who submit research proposals to the NCI that contain 

a prioritized list of potential candidates. Such a model is currently underway in the NCI’s 

Mouse Proteomic Technologies Initiative, a program that supports two independent 

consortia to evaluate the robustness and reproducibility of different proteomic technology 

platforms in multiple mouse models of human cancer 

(http://proteomics.cancer.gov/technology/mouse.asp).  These consortia generated lists of 

target proteins identified through different MS-based approaches in multiple mouse 

models of cancer.  These MS data will be tested and compared to data from other 

measurement platforms such as IHC, Western blot, ELISA, and microarray.  Multiple 

monoclonal and polyclonal antibodies to different epitope regions on a subset of 

candidate proteins are being generated for performance testing and validation of data 
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across various platforms.  It is anticipated that these data will help to outline parameters 

necessary to enhance current testing of proteins found in biological specimens.  

To ensure impact to the research community, suitable guides, such as those detailed in the 

NCI Mouse Proteomic Technology Initiative, could be placed on proposals for affinity 

capture reagents funded through the CPTI to limit them to organized groups of 

investigators who are studying a particular pathway implicated in cancer or to require 

demonstration of relevance to clinical research targets. This would ensure that all new 

antibodies generated are associated with an investigator who has a vested interest in 

studying the target protein, who has a need for high quality affinity reagents, and whose 

research will likely advance measurement technologies in cancer research. Alternately, 

partnerships or agreements could be developed whereby users could submit requests and 

payments for antibodies online whenever a particular research interest emerges, provided 

the antibody production companies ensure reasonable cost structures for production of 

reliable antibodies.  

 

4.2 Selecting the Affinity Reagent Platform. At present, antibodies represent the most 

mature affinity capture technology, although the quality among developed antibodies 

varies dramatically. Tens of thousands of monoclonal antibodies are commercially 

available, and an established company can produce hundreds of monoclonal antibodies 

per year. However, many of these antibodies are poorly characterized and not readily 

qualified for multi-use applications or advanced, high throughput proteomic applications 

such as microarray- or bead-based technologies (28).  
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Although alternate platforms such as high-affinity aptamers (29) and affibodies (30) have 

potential to substitute for antibodies in contemporary antibody microarray applications, 

these technologies are not sufficiently mature for large-scale application. Many fewer of 

these reagents have been produced to date, and even less are in routine use. The 

production of high-affinity reagents with these platforms often requires multiple rounds 

of selection and amplification. Likewise, alternative affinity capture platforms may 

integrate slowly into broader research applications due to restrictive intellectual property 

rights. The NCI could facilitate the incorporation of novel technologies into broader-scale 

applications through open agreements with developers of these technologies. Until these 

alternative affinity reagents can routinely approach the level of binding specificity 

currently met with antibodies and have wide-ranging availability and application, 

however, their incorporation into large-scale, high-throughput pipelines will be limited. 

 

Therefore, it should be evaluated whether resources are best invested in the production of 

monoclonal antibodies, polyclonal antibodies, or both. Monoclonal antibodies, which 

have a defined single binding epitope, remain the standard for diagnostic and therapeutic 

applications. These antibodies offer a consistent and renewable resource, as they do not 

require re-screening once validated. Although monoclonal antibodies are more costly to 

produce than polyclonal antibodies, recent innovations have decreased the time and labor 

involved in the hybridoma production process (17,18). For example, antigens fused to 

specific proteins involved in the immunized animal’s immune response have reduced the 

immunization protocol from several months to several weeks (31). Moreover, a recent 

report suggests that transgenic mice that harbor a mutant temperature-sensitive simian 
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virus 40 large tumor antigen produce monoclonal antibodies (32), which may eliminate 

the need for hybridomas altogether. As these monoclonal antibody production 

technologies and engineering approaches continue to advance, the cost and time 

associated with these reagents may continue to decrease, thereby strengthening the case 

to develop a strategic plan based on monoclonal antibodies as the sole reagent of choice. 

 

Nonetheless, it is feasible that multiple monoclonal antibody clones (e.g., 20-100) may 

ultimately be required per protein because of differences in performance of these 

antibodies in different applications and differences in the epitope to which the antibody 

binds. High-throughput methods will be needed in each application to permit screening of 

multiple antibodies per target, even in the presence of pre-screening processes that are 

capable of assessing isotype and eliminating unsuitable clones. 

 

Polyclonal antibodies, while currently a non-renewable affinity capture resource, can be 

generated more rapidly and at lower cost than monoclonal antibodies, suggesting the 

potential application as an initial screening method to identify candidates for further 

reagent development (33). For example, polyclonal antibodies can be produced and 

applied initially to screen for differences in proteins between a diseased and a normal 

state, at which point several monoclonal antibodies can be made against different 

epitopes of the identified target. Concerns over the specificity of the polyclonal 

antibodies can be addressed by creating mono-specific antibodies through affinity 

purification (19). However, these resources will still be limited by the lack of a clearly-

defined epitope and by their finite amounts. As such, production of polyclonal antibodies 
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as the sole reagent for the shared reagents resource may not prove to be the appropriate 

strategy for the NCI. While a strategy that incorporates mono- and polyclonal antibodies 

may be used to triage the effort and cost associated with generating affinity reagents, 

such an approach would reduce the funding available to acquire additional renewable 

monoclonal antibody resources. 

 

4.3 Advancing Assay Platform Development.  The inherent limitations in measuring 

and quantifying large sets of proteins with current technology applications such as ELISA 

hinder wide-scale utility for many clinical proteomic research applications. However, the 

field of affinity capture research is rapidly evolving, and a wide variety of novel, 

multiplexed assay platforms for rapid screening and production of affinity capture 

reagents continue to be developed and optimized (34-37). Determining the most 

promising and robust platform(s) for proteomic applications may be facilitated by the 

comparative development and/or validation of a standard set of antibodies in a 

predetermined timeframe by a number of funded laboratories. This approach supports the 

notion of a standard suite of renewable, well-characterized antibodies to target proteins 

that could be provided as a resource for technology development applications. 

 

4.4 Establishing Database Parameters. Incorporation of these resources and associated 

data into a publicly available system will require detailed annotation and aligned 

strategies across multiple databases. To maximize their usefulness to the research 

community, identified targets should be defined with respect to a well-known, 

comprehensive, annotated, classified, publicly-accessible resource such as the Universal 
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Protein Resource consortium (UniProt; http://www.uniprot.org) (38). UniProt provides 

several non-redundant sequence databases with extensive query interfaces and an archive 

updated daily from numerous public databases. The consortium encourages submission 

of data from users, thus providing a forum for evolving discussion and scientific 

interchange. As such, it provides a useful model for the development of a shared reagents 

database resource. 

 

To achieve maximum impact on the scientific community, annotation parameters for an 

affinity capture reagents database should include core data (e.g., associated gene, epitope 

sequence, accession number, version of the target, and species attribution of the protein) 

and other critical information, such as the target ranking, associated evidence, and 

antigen source and sequence. For antibodies, common attributes (e.g., name, source, 

price, quantity, mono/polyclonal status, validation experiments, and system) should be 

stored. Clear definitions of all technologies used for validation may be enabled through 

descriptions with controlled vocabularies and a hierarchical structure. Antibody 

validations may require the capture and annotation of the following information: 

 

• Relevant antigen (sequence) features (e.g., PrESTs) 

• Technology 

• Laboratory 

• Score 

• Supporting evidence (e.g., Western blot images, IHC) 

• Quantitation data 
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• Technology-dependent parameters 

• Repeated validations for one antibody/antigen pair 

• Relationship between antibody, antigen, and technology 

• Use of multiple antibodies in a validation assay (e.g., sandwich assays) 

 

Access control must also be considered, as certain users will require read-only access, 

while internal curators and others will need write access to capture anonymous opinion 

statements and target requests. Automated access to such complex data is currently best 

facilitated through an extensible markup language (XML) interface. Data elements are 

already incorporated in a common data exchange format, the XML schema, in programs 

developed through the Human Proteome Organization, Proteomic Standards Initiative-

Molecular Interaction format (http://psidev.sourceforge.net/mi/rel25/) (39). The NCI 

should work with these partners to develop strategies for the facile exchange of data for 

its programs funded through this initiative. A coordinated effort between the NCI and its 

partners and collaborators could vastly improve data collection, storage, and analysis for 

the international proteomics community at large. 

 

5.0 Considerations for Implementing an Affinity Reagents Resource 

The goals of the reagents resource will be to coordinate selection of targets for reagent 

generation, to provide a user-friendly virtual repository of antigens and affinity reagents, 

to ensure proper validation of reagents for specific applications, and to facilitate 

agreements between the reagent providers and the user community to allow cost-effective 

access to reagents and IP protection for development of multiplexed assays. 
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5.1 Making Antigens Available. Development of antigens represents a bottleneck in the 

development of new affinity reagents. It is therefore strongly recommended that a shared 

affinity capture resource develop characterized antigens in parallel to the capture 

resources. At a minimum, providers of capture reagents should be required to include the 

precise amino acid sequence that binds to the affinity reagent or is used as the 

immunogen. Access to high-quality antigens, including peptides, proteins, and post-

translationally modified proteins, is essential, since they are required for antibody 

production and subsequent validation. A central repository that stores antigens and 

associated data produced by individual laboratories will benefit private-sector 

contributors and the user community. Although such a facility could also perform protein 

expression, microarray fabrication, and distribution, the logistics of organizing and 

managing such a facility require additional input. One option for antigen production 

could involve a partnership between the user community and the NCI in which the 

Institute would pay for the commercial development of a monoclonal antibody after a 

user has produced and characterized a high-quality antigen. 

 

5.2 Supporting Antibody Production. Although companies may be willing to partner 

with academic labs to generate antibodies to “popular” proteins at low cost, they must be 

provided with additional incentives to produce and validate antibodies to infrequently 

studied targets. Validation procedures may be costly, and the level of characterization 

required will directly influence the user cost. The NCI could possibly mitigate the 

financial risks assumed by antibody producers by sharing the cost of production or of 
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validation or providing companies with a list of recommended proteins based on their 

predicted potential to serve as useful biomarkers. Should the NCI accept the associated 

costs, manufacturers would be required to provide the antibodies to the scientific 

community at reasonable costs. 

 

5.3 Enabling Antibody Validation. Validation of new and existing antibodies may 

proceed through two operational models: 1) a “user validation” model that incorporates 

initial validation of commercially available antibodies by end users, with characterization 

data deposited into a centralized database, and 2) validation at a central facility operated 

under a regulated set of standard operating procedures (SOPs). The former option enables 

researchers who have a vested interest in developing the appropriate conditions for 

optimal antibody performance. As use of the antibody continues, more application-

specific data can be added to the web site by other users. This virtual model provides a 

web-based rating and review system that offers an incentivized, cost-effective, and timely 

means of providing information on existing antibodies.  

 

Through this “user validation” model, NCI-funded investigators could submit the 

characterization and validation data developed through NCI-approved SOPs as a 

component of their research projects. This approach would allow the antibodies to be 

evaluated through NCI-approved protocols while also providing investigators with the 

freedom to modify or optimize procedures if the SOPs fail to generate positive results. 

However, it should be noted that this formula will be more appropriate for monoclonal 
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antibodies, given the renewable nature of the resource and the amount of reagent that 

may be necessary to optimize the protocols. 

 

Possible disadvantages of this approach include the difficulty in ensuring consistency 

across individual user laboratories and the lack of an enforcement mechanism to ensure 

that data from the user community are deposited in the database. These potential 

drawbacks could be countered by a centralized facility that performs select functions, 

such as resolving discrepancies in user validations and reviews, monitoring QA/QC as a 

function of lot number or storage time, and providing official independent certification 

through routine standardized assays. Alternately, a partnership between vendors and the 

academic research community may be created to develop an appropriate standardized 

validation procedure and SOPs.  

 

The second model employs a centralized facility or a group of certified laboratories to 

perform standardized application-independent validations for new and existing 

antibodies. This model would contract characterization work to these laboratories, which 

would be responsible for characterizing the antibodies and depositing the data in a timely 

fashion. This model would serve as an unbiased assessment of the antibodies, but in 

doing so, may not necessarily retain a strong impetus to optimize protocols. A 

combination of the two models also represents a viable option, depending on the 

application. The ultimate choice of an operational validation model, or combination of 

models, will be driven by cost. The suggested choice of applications that should be 

validated routinely include Western blot, ELISA, IHC, and immunoprecipitation, as these 
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tests are incorporated into standard validation procedures for all reagents sold by many 

commercial vendors. However, applications that foster high-throughput uses also should 

be validated.  

 

5.4 Supporting Distribution of Antibodies. Distribution of affinity reagents may follow 

two mechanisms. The first involves a centralized repository and distribution center. With 

this model, a standard set of QA/QC validation parameters could be used for all 

antibodies produced. The logistics of developing high-throughput applications also would 

be simplified by a centralized distribution center containing all of the required reagents. 

Various IP issues requiring the use of multiple agreements also may be avoided or 

streamlined under this model. However, the present lack of infrastructure for “privatized” 

centralized distribution represents a possible disadvantage of this approach. 

 

The second mechanism uses an existing commercial distribution center that could be 

“virtually centralized” through the NCI. This virtual repository would link the queried 

antibodies and reagents to the providers. Such a distribution system could align the NCI 

antibody characterization data to the sources of the antibodies so that researchers could 

view the data and determine if the antibody is appropriate for their applications. 

 

5.5 Developing Multiplex Affinity Capture Platforms. High-throughput analysis and 

development within the field of genomics was advanced by the adaptation of common 

protocols, reporting mechanisms, and databases. Currently, several barriers impede such 

a breakthrough in the field of proteomics, including the lack of comprehensive and 
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comparable sets of validated affinity reagents, the prohibitive price of purchasing large 

numbers of commercial antibodies, and difficulties with incorporating innovative 

proteomic platforms imposed by IP rights.   

 

The current catalog price of antibodies makes it economically unfeasible to fabricate 

high-density antibody microarrays for research purposes; it is currently not beneficial for 

companies to package and distribute the extremely small quantities of antibodies needed 

for microarray applications. New partnership strategies between industry and academic 

labs will be necessary to provide these small aliquots. A virtual centralized repository 

could also help to mediate or reduce the cost burden to individual researchers while at the 

same time providing an opportunity for companies to broaden their distribution of 

products. NCI-funded antibodies could be stipulated to be sold in micro-volume amounts 

when purchased as large sets of antibodies. The NCI could play a role mediating these 

public-private partnerships or provide a standard suite of well-characterized antibodies to 

help develop pilot projects for innovative array formats. Pinpointing mechanisms for 

lowering the costs of acquiring diverse sets of commercially available affinity reagents 

(e.g., a cooperative, bulk purchasing agreement), such that large-scale multiplexing of 

assays can begin to help to overcome the present scalability problem that limits strategic 

profiling of the proteome. 

 

In parallel, the NCI should work to minimize barriers stemming from IP rights and 

manage issues associated with individual reagents and platforms efficiently such that they 

do not limit the scale or scope of multiplexing. This could be accomplished by supporting 
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public-private partnerships in technology development and implementations. Such 

partnerships could be used to incorporate and characterize innovative technology 

concepts as critical components of NCI funded research programs. 

 

Successful design and application of multiplexed protein and affinity capture analysis 

platforms will require extremely high quality reagents capable of meeting the following 

minimal standards:  

 

• High and well-defined specificity 

• High affinity 

• The ability to be produced as a renewable resource 

• The ability to be engineered readily for diverse platforms and applications 

• Minimal to no IP barriers that would inhibit multiplexing 

• An economical price, especially when purchased in large sets 

 

It is understood that there are legitimate concerns with the viability of large scale arrays. 

Differences between low- and high-abundance proteins, the variable physico-chemical 

properties of different antibodies, and the difficulty in achieving well-defined specificity 

(i.e., each antibody binds only one protein) represent major problems to overcome. 

Likewise, it may not be reasonable to expect IP barriers to disappear as a result of an 

NCI-funded initiative, given the tremendous investment that has been made in protecting 

IP associated with affinity reagents and platforms. To overcome this obstacle, parties 

with IP rights should work together to ensure that royalties do not scale linearly with the 
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number of proteins being measured on a single microarray. The use of NCI-organized 

consortia, clearinghouses, and cross-licensing opportunities could help overcome this 

potential royalty-stacking problem. 

 

Advanced reagent technologies may also need to be developed to meet the needs for 

effective affinity capture multiplex platforms. These reagents should be flexible (e.g., 

able to work with a variety of different chemistries), scalable, inexpensive, and portable. 

While proteins and nucleotides can selectively capture targets for proteomics, they are 

currently of limited application, and a period of time and effort will be required before 

truly mono-specific small molecules with a high affinity for a given proteins are broadly 

applied. However, these reagent technologies can still be applied to address many 

challenges in clinical proteomics. For example, these reagents could be used to select for 

more than individual protein binding. Small molecules with undefined, broader 

specificity could be very useful for sample prefractionation or as secondary affinity 

reagents. Likewise, combinations of individual small molecules with relatively high 

specificities and affinities could be linked to yield additive binding energies and the 

product of their affinities. The current challenge is the development of a truly high-

throughput method for this linked small-molecule approach. 

 

6.0 Putting it All Together: Next Steps and Future Directions 

 

As investigators begin to compile data on the human proteome, it is becoming clear that 

proteins will reveal many promising biomarkers for cancer and other diseases. However, 
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without established procedures to characterize and validate antibodies and other affinity 

capture reagents, data generated will not be globally useful. A virtual, centralized 

reagents resource will aid in biomarker discovery efforts that may ultimately lead to the 

early detection, diagnosis, and treatment of cancer. Such a resource will benefit the larger 

research community by providing an evolving, trusted source for reagents and supporting 

characterization data. 

 

The NCI workshop highlighted many of the challenges and opportunities for developing 

such a community-wide resource. The endeavor will require the cooperative efforts of 

academic labs, industry, and Federal representatives. Many companies have expressed an 

interest in receiving help in choosing optimal targets, screening existing hybridomas, 

validating commercially available antibodies, and participating in a centralized database. 

Whether the NCI will fund the development of a physical center to house and 

characterize affinity reagents, or  whether it is better for the NCI to work with reagent 

producers and vendors to virtually link affinity capture reagents, details, and associated 

data from a common use portal seamlessly connecting the user to source, remains a point 

of discussion.  A central facility will require the development of an appropriate 

infrastructure which may be cost-prohibitive given that vendors currently have facilities 

designed to meet these needs.  Regardless, the NCI could provide great value to the 

community by developing a web query-capable interface to provide access to the 

inventory of reagents available and their associated performance data.  Programs such as 

the Mouse Proteomic Technology Initiative could serve as a next-step pilot project to 
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examine the variables involved in storage and distribution of a central facility for NCI 

funded capture reagents.   

 

The NCI has a unique opportunity to act as a liaison to spur the development of a public 

resource that serves the research community and commercial vendors and to develop and 

impose a set of antibody validation standards. Well-characterized affinity capture 

reagents will be of value in individual assays and can enable array-based technology 

development by providing a renewable source of materials to compare different 

antibodies targeting a single protein on a single array or to measure panels of different 

cancer-related proteins. This resource will reduce the financial risks to antibody 

producers and lower prices for end users while serving as a model for future platforms 

based on affinity reagents and emerging technologies. 

 

To this end, the NCI supports a plan to advance specific action items. The Institute is 

committed to developing guidelines or recommendations for antibody characterization 

and validation standards that will support a web-based, accessible, centralized database to 

store data and user comments obtained under a set of standardized parameters. The 

development of these new resources and in vitro technology platforms will have an 

impact beyond that of the cancer community, by fostering an interactive, global hub for 

biomarker research and discovery. 
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Table 1. Application-independent Validation Methods for Antibodies (adapted from 

Uhlen, et.al (26)) 

Method Description Examples  Advantages Disadvantages  
Antigen-based Assays based on the 

antigen used for 
immunization 

ELISA, protein arrays, 
Biacore surface 
plasmon resonance 
(SPR), antigen 
adsorption 

Can be 
combined with 
affinity-based 
validations 

Need for pure and 
well-characterized 
antigen, The binding 
to peptides or protein 
fragments might not 
be relevant for “real” 
applications.  

Target-based Analysis of native or 
partially denatured 
protein from natural 
sources (such as cell 
lysates)  

Western blot, 
immunohistochemistry, 
immunocapture 

Does not require 
the antigen used 
for 
immunization 

In the absence of the 
purified target, it is 
difficult to determine 
if the antibody is 
binding to the target; 
usually relies on 
denatured targets 

RNA-based Comparison of 
expression levels at the 
protein and RNA 
levels 

Transcript profiling, in 
situ hybridizations 

A huge set of 
data already 
publicly 
available 

Difficult to know if 
RNA levels correlate 
with protein levels 

Genetics-based The use of genetic 
mutants or 
recombinant 
constructions to 
validate the target 

Transgenetics, RNAi, 
green fluorescent 
protein (GFP)-fusions 
(subcellular 
localization) 

If protein levels 
are observed to 
be increasing 
with an antibody 
or decreasing 
with an RNAi, 
then one can be 
relatively certain 
that the antibody 
is binding to the 
target. 

GFP-fusions may be 
subject to artifacts. 

DNA-based Bioinformatics 
analysis using 
predictive algorithms 
(as compared to 
experimental data) 

Signal peptide, 
transmembrane regions, 
localization signals 

No experimental 
evidence needed 

Can only be used as 
supportive evidence. 
Must be 
complemented with 
experimental data 

Affinity-based Determination of the 
kinetic parameters for 
the antibody 

Biacore SPR, 
competition assays 

Gives binding 
parameters 

Usually done on 
antigens from “non-
natural” sources 

Epitope-based Comparison of two or 
more antibodies 
directed to different 
parts of the same target 

Antibodies to PrESTs or 
synthetic peptides 

The ultimate 
validation, since 
identical 
patterns in 
various assays 
gives strong 
support for  
specificity and 
lack of cross-
reactivity 

Requires two 
independent 
antibodies to each 
target and also 
requires knowledge 
about the respective 
epitopes  
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