NanoHealth Enterprise Coordination Meeting Summary

15-16 January 2008

Bethesda, Maryland

Sponsors: National Institute of Environmental Health Sciences and National Institute of Biomedical Imaging and Biometrics
Attendees: 94 representatives of federal agencies (research and regulatory), private industry and nanotech industry consortia, academia, foundations and nongovernmental organizations, and other interested parties

Purpose and Goals: To engage interested and appropriate members of various sectors researching and developing nanomaterials and nanotechnologies in a public-private partnership to investigate the interactions of nanomaterials in biological systems.

History and Background: This event was the result of a meeting of sector representatives held in October 2007 to discuss the need for and interest in a potential public-private partnership on nanohealth. Because of the enthusiasm and interest presented at that meeting, it was determined by the sponsoring organizations that the coordination of the NanoHealth Enterprise should proceed. This meeting was the first in an anticipated series of gatherings and activities that will mobilize interested sectors in joint support of projects to address critical research and bioinformatics needs in the field.
Meeting Summary Day One: 

Following opening remarks by the directors of NIEHS and NIBIB, the following reviews were presented:

· Review of the critical questions to understand nanobiointeractions–Sally Tinkle, NIEHS

· Review of existing nanomaterials characterization tools and methods for investigating nanobiointeractions–Martin Fritts, NCI

The following sector representatives presented brief overviews of their perspective on the potential need for and benefits of a nanohealth PPP:

Large/Medium Industries 
• Keith McIver, Boeing 
• Michele Ostraat, RTI/NOSH Consortium 
• Annette Kolodzie, FEI 

• Kevin Carl, Novartis
Small/Startup Industries 
• Sean Murdock, Nano Business Alliance 
• Charles Grause, Luna Innovations 
Academic Consortia 
• Kang Wang, California Nanosystems Institute (CNSI) 
• David Pui, U. of Minnesota 
Science Policy 
• Andrew Maynard, Woodrow Wilson Center 
Federal Agencies 
• Materials–Eric Steel, NIST 
• Research–Nora Savage, EPA 
• Regulatory–Rick Canady, FDA
The following presentations were made regarding public-private partnership models:

· Ground rules for working with NIH–Barbara Mittleman, OD/NIH

· PPP concepts and strategies from the Foundation for NIH (FNIH) perspective–Daniel Carucci, FNIH

Breakout groups comprising representatives from each sector met to consider the following scenario and respond to questions, after which there was discussion:

Assume for this exercise that you are pitching to your organization’s decision makers to commit to a nano public-private partnership (PPP) to examine biointeractions for the safe design and use of nanomaterials. They want to know your answers to some key questions.

1. What will the NanoHealth PPP do that needs to be done and can’t be accomplished some other way?

Summary of responses:

· Expertise sharing between diverse set of contributors

· Cross-validation of methods

· Consistency in terminology, technology, techniques

· Clear direction, stability, and predictability of regulatory expectations

· Economies of scale and access to funding

· Credible and authoritative consensus “voice” on nano safety to public

· Broader and faster access to research results

· Prioritization of research goals/targets

2. Why should our organization participate in a PPP? What benefits would we expect to get from our investment?


Summary of responses:

· PPPs have shown to be successful model

· Offers potential to maximize the benefit/risk ratio of medical products

· Access to additional information on nanomaterials that cannot be gotten on our own

· Speed in characterization of nanotech products

· Consensus

· Direct lines of communication with researchers in other sectors that enables strategic decisions about investment in new technologies

· Characterization standards allow education and advocacy

· Potential for research collaboration

· Help in translating basic research to deliverables (termed the “valley of death” for technologies)

· Public trust and confidence industries and agencies

· Enhanced workplace safety

· Leveraging of investment

3. What would our organization be willing to contribute toward a PPP in order to get our expected benefits?

Summary of responses:

· Requirements for applications (how can nano enable or enhance products)

· Technical and organizational expertise

· Facilities and tools

· Materials

· Mission-relevant RFPs, RFAs

· Independent and objective analysis of goals and results

· Funding

· Perspective

· Training

4. What obstacles would hinder a PPP’s productivity and potentially limit our return on investment?

Summary of responses:

· Duplication in research investment by other agencies and public/private interests

· Timeliness—needs to be started soon (w/in 1 year)

· Failure to establish level of consistency of approaches

· Intellectual property issues

· Lack of funding/resources commitments by agencies, organizations

· Data openness v. data restrictions

· Too broad formal agreements, lack of flexibility

· No or limited regulatory participation

· Diffuse scope, undefined technical plan

· U.S.-centric focus

· Lack of clear goals – overcomplication or misalignment of PPP objectives

Meeting Summary Day Two: 

Following a brief recap of the previous day’s discussions, three breakout groups were assigned to discuss research needs and potential projects in the areas of Informatics, Materials Characterization, and nanobiological effects. Each breakout was asked to consider the particular topic within the context of the following questions, and provide their responses for group discussion:

1. What is the 5-year goal for this topic?

2. What goals could be reached/projects accomplished within 1 year (low-hanging fruit)?

3. How would this area’s goals be integrated with the other two areas?

4. What scientific disciplines need to be at the table to accomplish these goals?

Breakout Topic: Informatics

Moderators: Steve Brown, Intel Corp. and Nancy Shinowara, NICHD
Rapporteur: Albert Lee, NIBIB
To get common agreement for the discussion, informatics was defined by the group as management and storage of information flow from data acquisition through analysis and model development. The exchange of models is called collaboratory.  Overarching informatics requirements that were identified include that information has to be analytical, science-based, open access, well-annotated, and cumulative, and that leads to intelligent prediction of phenomena.

What is the 5-year goal for this topic? The “NanoHub”

· Fully functional “collaboratory” 

· International, publicly-available network of models and data 

· Federates information on characterization and biological response; would include open source models

· Provides quality control on data

· Include a wide array of services and tools and function as entry point for commercial entities to improve performance and utility of the services

· Scope of the NanoHub – everything that describes characterization and biological interactions

· Need to identify a place where people can begin depositing data – warehousing (for arbitrarily formatted repository), but also be simultaneously working on developing structure for new data
What goals could be reached/projects accomplished within 1 year (low-hanging fruit)?

· Show an example of the collaboratory for one specific model – e.g., gold nanoparticle SRMs, liposomes, dendrimers in different species (zebra fish, important bacteria, etc.) with work distributed across different laboratories.  Characterize these well-understood particles across several important species, and present information for all to observe, access, and use for modeling.

· Begin forming the structure/template of a database for the NanoHub as we begin to curate extant data and information. The format of this template will improve over time. It is important to begin curating all data, not just well characterized data. However, a reasonable one-year goal may be to fully curate existing data for some current studies, including molecular structure. Process should incorporate wiki-type aspects for data curation to help fill the gap between manual and automated data curation

· Create a MIANE (Minimal Information About Nanotechnology Experiments) for nanomaterials – a minimum set of information requirements/data reporting standards for submission of data. The MIANE group should exert some control over data quality.

· Establish an agreement between relevant federal agencies (EPA, NIH, FDA, DOE) on data architecture for NanoHealth to ensure full access for all. Capitalize on other related efforts in chemical informatics elsewhere in U.S. (PubChem, EPA, FDA, others) and ECB internationally. Reference other open source templates and tools (e.g., OECD toolbox), semantic web, meta data, Ontology Web Language (OWL), etc.
How would this area’s goals be integrated with the other two areas?

· Other functional areas must collaborate with the informaticians to develop the data structure/templates
What scientific disciplines need to be at the table to accomplish these goals?

· Ontology

· Data standards

· Database architecture

· Regulators

· Modelers

· LIMS and data integration

· Semantic web, database coordination to ensure interoperability

Breakout Topic: Materials Characterization

Moderators: Andrew Maynard, Woodrow Wilson Center and Keith McIver, Boeing

Rapporteur: Lori Henderson, NIBIB

The group worked towards developing a common understanding of what modeling means, but it was felt that a particular need should be identified in which to define the properties and types of characterization tools required to achieve project goals. Although properties such as particle size and surface charge were identified as key characteristics to monitor within in the body, it was evident that identifying specific parameters/test methods would be a challenge due to the vast differences in applications and their needs. The types of applications mentioned ranged from aerospace to pharmaceuticals to instrumentation design and manufacturing. It was concluded that each scientific discipline should decide what properties and what level of sophistication are required in order to define a “common goal” where standard procedures (or universally accepted methods) can be developed given the technology we have today and in the future.

Members of the group felt that identifying a project via a “generic” model concept is too diffuse and lacks focus, which was one of the problems identified as potential obstacle to the PPP’s productivity. Discussion and response to the questions then shifted to a model that could predict what happens in a biological system across multiple fields. Some of the models considered in which to frame the discussion include:

· FDA models to define what is safe (every regulator has their own)

· Multi-scale risk models 

· Predictive behavioral models - finding failures and adverse effects

· NIOSH exposure limit models - building response relationships based on animal data and another for humans, and translating exposure to dose  

· Multi-scale modeling from atoms to aircraft 

· Three-dimensional electron tomography models
What is the 5-year goal for this topic? 

· The ability to provide some level of accurate predictions on the system level effects of nanomaterials across multiple fields (e.g., the impact on nanotubes size, shape, diameter, charge, and surface morphology at the system level).
· Development of metrology, minimization of data requirements, production of standardized data sets, and low cost, real-time measurement tools
What goals could be reached/projects accomplished within 1 year (low-hanging fruit)?

· Measurement of properties with some degree of certainty, particularly reliable data sets, biochemical assays, instrumental analysis, wet chemical methods 
· Defining and documenting what’s known and then provide the ability to measure properties and interactions, at the nanometer scale level, with consistent terminology across all industries. This includes providing standard materials and protocols for material measurements, surface preparation of test samples, and consistent measurement techniques with a standard in measurement devices and equipment.


The following ideas were suggested but not discussed in any detail:

· Characterizing nanomaterials in media at the system level – size, shape, surface character/morphology (within a few angstroms) without modification of the material

· Reference materials to benchmark studies and calibrate instruments, coordinated through standard bodies such as ASTM and ISO

· Effect of surface area upon in vivo response? Note: This was proposed as a likely candidate because there is a consensus of knowledge and resources established in the scientific community

· Understanding how materials interact in the cellular environment

· Imaging in vivo for distribution and excretion

· Determining the percent of a drug inside a particle that remains intact and reaches their destination

· Measuring biologically relevant surfaces for airborne exposure

· Developing universal aerosol sampler 
· How biomaterials react in the body and how should they be handled
· Consistency in how materials are made

· Agencies should implement guidelines that encourage researchers to describe methods in scientific publications in detail to assess the quality of data being generated.

How would this area’s goals be integrated with the other two areas?

· Characterization findings and consistency would integrate into the modeling techniques and begin to provide the basis for informatics and to enable comparative studies and standards to be developed
(Information was not included for Question 4.)

Breakout Topic: Biological Effects
Moderators: Richard Canady, FDA and Piotr Grodzinski, NCI

Rapporteur: Heather Henry, NIEHS

It was agreed that the application of the ENM must be taken into account when exploring implications of the product. This framework approach not only directs attention to the most relevant exposure scenarios, but also avoids potentially unnecessary toxicity tests for products that are, by design, cytotoxic (e.g. ENM-delivered cancer drugs). Group members expressed the need to be willing to challenge the paradigm that there exists one model that effectively screens all ENMs with regards to biological effects. Rather, it is more likely that certain classes of ENMs require a certain methodology for toxicity screening. It was recognized that throughout the United States, there is a great deal of interest in resolving issues of the biological effects of ENMs. Congress and the Federal agencies are an attentive audience, but must be given concrete agendas and timelines in order to justify financial backing.

What is the 5-year goal for this topic? 

A number of long-term research goals were identified that would impart overarching benefits to the various sectors:

· Development of a battery of toxicology screening tests that are appropriate for use on a variety of ENM classes.  The development of standard testing methodologies (e.g. similar to an Ames test, SW-846) was a point of much discussion.  

· Clarifying what is the actual exposure of a cell or tissue to ENMs in exposure/response studies.  Simply put, what ENMs do the cells actually “see”?  
· Conduct long-term, low dose exposure studies.  Another consideration is the long-term effects of ENMs in the body, such as degradation pathways, protein accumulation, etc.  
What goals could be reached/projects accomplished within 1 year (low-hanging fruit)?

· Define screening method (eg Nanotechnology Characterization Laboratory cascade) for decision areas and expand this as a test/screening model.
· For model and screening: know what information needs to feed into informatics, reporting, and standardization and focus research efforts accordingly.
· Staging: develop models for predictive toxicology including size, shape, surface coatings, etc.
· Guidance:  clarify what type of information needs to be provided by various sectors for regulation (similar to parameters reported in Material Safety Data Sheets).
· Dose and response metrics

· Best practices within particle types and assays

· Refer to Organization for Economic Co-operation and Development (OECD) survey of methods for screening of 14 different ENMs

· See draft guidance for liposomes

· Low fruit

· Refer to existing published studies and perform a meta analysis to determine which ENM class to follow for further studies
· ENM size related to biological effect (e.g. placental transfer)
· Dermal / Inhalation / oral toxicity tests based on ENM size/function


Projects:

· Determine the biological distribution of ENMs in the body as a factor of particle size.  While each WG partner identified sector-specific needs, understanding size of the ENM on biological effects was a common issue.  One possible approach would be to develop a method paradigm: select a class of ENM which is then characterized for biological interactions based on size, and then use the results to build a predictive tool.  Follow-on studies in animal studies would be an imperative next step to ground-truth the model.  These testing models should be designed so that they feed into a decision-making framework.
· In one year, complete one discreet study.  It was suggested that completion of one study, such as placental transfer and absorption of a high-production ENM (e.g. nanoscale metal oxides) would do much to mitigate negative press.
How would this area’s goals be integrated with the other two areas?

· For characterization:

· Need for SRMs and iteration

· Instrumentation

· For informatics:

· Models and validation

· Model granularity with regard to size of class (determine whether a nano-wide model is useful)

· Contribution to modeling:

· Granularity

· Hypothesis/decision needs

· Validation/utility

What scientific disciplines need to be at the table to accomplish these goals?

· Toxicology

· Biology

· Chemistry (including analytical and physical)

· Pharmacology

· Pharmacokinetics

· Computox

· Pathology (DVD, MD)

· Bioanalysis (physical characterization)

· Imaging with statistics

· Decision analysis

Next Steps

There was strong expression among participants of the urgency of moving forward with the NanoHealth Enterprise. To that end, working groups are being formed to take the lead on choosing a science project from each breakout area that PPP participants can get started on. Below is a proposed timeline for your reference. Please let us know if there are steps in this process that you feel would require or benefit from face-to-face meetings.

Timeline:

February 8: Comments on meeting summary and sign-up for working groups

February 20: First meeting/teleconference of project working groups held

April 1: Target date for completion of science project proposals

June 1: Completion of business plan/governance structure for NanoHealth Enterprise

July 1: First projects identified for funding

