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Recent Events bring Mixed Exposures into Focus

« Environmental Disasters
— Gulf oll spill
— Flooding along the East and Southeast Coasts

— Earthquake and Fukushima Daiichi nuclear disaster

* Regulatory Efforts
— PAH relative potency factor approach and SAB recommendations
— Office of Pesticides Program Cumulative Risk Assessments
* Organophosphates
* N-methylcarbamates
* Pyrethroids

— Phthalates Cumulative Risk
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Presenter
Presentation Notes
Mixtures are ubiquitous.  Examples in the recent past have demonstrated gaps in our understanding of mixtures in the environment and how they affect human health.  Additionally, regulatory bodies have begun to focus more on the need to assess risk from exposure to mixtures.  Some examples include, recent efforts to look at mixtures of PAHs, risk assessments of classes of chemicals (like OPs and pyrethroids), and discussion of grouping chemicals, not by structure, but by target, such as the NAS recommendations for phthalate risk assessment.
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Recent Activities in Mixtures Research

« Multipollutant Science and Risk Analysis Workshop: Addressing
Multiple Pollutants in the NAAQS Review Process (February
2011)

« SOT 50" Anniversary Meeting (March 2011)

— CE course, Incorporating Non-chemical Stressors into
Cumulative Risk Assessment Workshop, Symposium on
Mixtures and Reproductive Toxicology

* NAS Meeting: Mixtures and Cumulative Risk Assessment: New
Approaches Using the Latest Science and Thinking about
Pathways (July 2011)

 International Toxicology of Mixtures Conference (October 2011)
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Presenter
Presentation Notes
We are aware that mixtures has been a hot topic this past year.  There have been several meetings to discuss the health effects of mixtures, including …. (see slide to pick examples).
It is clear that this is the beginning of a paradigm shift in thinking about exposure to environmental mixtures and their impact on human health.
The workshop that you are currently attending is unique in that we are asking you to work on key topics that have been identified through our Request for Information that you heard about yesterday.  We believe that today’s interdisciplinary breakout group format will provide an avenue for stimulating thought and interaction.  Another way this workshop is unique is that we will be able to incorporate the thinking here to improve our ongoing and future mixtures agenda at NIEHS.
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Funding Mechanisms to Support Mixtures Research at NIEHS

 RFA ES-98-002: Chemical Mixtures In Environmental Health
« Superfund Research Program (SRP) (P42)
* QOutstanding New Environmental Scientist Award (ONES) (R01)

 NIH National Research Service Award Institutional Research
Training Grants (T32)

* Mentored Clinical Scientist Research Career Development
Award (K08)

 Investigator Initiated/Parent Announcements
— RO1, R0O3, R21
* Academic Research Enhancement Award (R15)
* NIH Pathway to Independence (PI) Award (K99/R00)
« Small Business Innovation Research Grant Applications (SBIR)
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Presenter
Presentation Notes
NIEHS has a history of doing mixtures research.  For example, an RFA was released back in 1998, for which Dr. Claudia Thompson was the program officer.  The objectives of that RFA were to identify the mechanistic basis for chemical interactions in biological systems and related health effects, development of better mathematical tools for risk assessment, characterization of real-life mixtures based on human exposure and body burden, and conduct exposure assessments, including environmental transport and fate. 
Since then, we have had a number of mixtures-related grants through our other funding mechanisms.  Many of the grants that are in the current mixtures portfolio are from new investigators.  These investigators will provide the foundation for future training and research in mixtures.  
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Chemical Mixture Types: Research Study Types:
« Air Pollution and PM « Epidemiology

« PCBs * Mechanistic

« PBDEs « Statistical Analysis

* Metals  Developmental

» Pesticides
* Organochlorines
 PAHs

 Exposure
« Mathematical modeling
 Remediation

* Chlorinated and Non-chlorinated « Fate and Transport

Chemicals
» Xenoestrogens

Health OQutcomes:

Cognitive and neurodevelopmental changes
Reproductive effects

Mortality and hospital admissions

Oxidative stress

Immunological effects

Genetic and epigenetic alternations
Disruption of transition metal homeostasis @ S
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Presenter
Presentation Notes
This is a breakdown of the current mixtures research being conducted by our grantees (provide select examples from slide).  As you can see, our research portfolio includes a variety of chemical classes, scientific approaches, disciplines and health outcomes.  It is great to see a number of these researchers at this meeting (Susan Korrick, David Christiani, Sue Schantz, Chris Gennings).
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The Gulf Long-term Follow-up

(GULF) Study

Obijectives:
» Assess health effects associated

GuLF STUDY

with oil spill clean-up following ST

February 28th, 2011

Deepwater Horizon disaster

— Physiologic/biologic effects
from oll

— Effects due to disaster-
related stress

* Investigate biomarkers of _
adverse biological effects www.nihgulfstudy.org

 Create a resource for future www.niehs.nih.gov
collaborative research
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Presenter
Presentation Notes
One of our major projects in the epidemiology branch of the Division of Intramural Research is the GuLF study to assess health effects associated with oil spill clean-up following Deepwater Horizon disaster.  Other goals of the study include investigation of biomarkers and creation of a resource for future collaborative research.


http:www.niehs.nih.gov
http:www.nihgulfstudy.org
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Mixtures Research
Division of the National Toxicology Program

* Whole Mixtures Testing
— Herbals program (aloe vera, ginkgo, green tea, etc.)
— Flame retardants (Firemaster FF-1)
— Marine diesel fuel
* Defined Mixtures
— 25 groundwater contaminants
— AIDS drugs used in combination therapies

« Component Based Approaches
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Presenter
Presentation Notes
There has also been a rich history of mixtures work at NTP.  The bulk of mixtures testing at NTP has focused on whole mixtures, such as herbals, flame retardant formulations, etc.  Testing of these mixtures has been primarily driven by their nomination to the program.  Less frequently, we have tested defined mixtures, such as a study with 25 groundwater contaminants led by Dr. Ray Yang in the early 1990’s, in order to explore potential interactions between chemicals.  Additionally, we have had a major effort to test the proof-of-principle of toxic equivalency factor application for dioxin-like chemicals in chronic studies.  
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New Tools for Mixtures Toxicology

» Toxicology in the 215t Century — HTS, omics

 Human Genome for Gene-Environment
Interactions

* Exposure Sciences and the Exposome

« Computational Sciences — Taking advantage
of the available data and computational tools
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Presenter
Presentation Notes
For example, in this morning’s plenaries, speakers will discuss new tools and approaches for mixtures research.  Some examples of the types of approaches include…(read the slide).  In the next several slides, I will cover some of these topics in a little bit more detail.   
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Conceptual Shift
Activation of Toxicity Pathway

Exposure
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Presenter
Presentation Notes
As you probably all know the 2007 NAS report on Toxicology in the 21st Century provided a roadmap for the transformation of our science. It envisioned a conceptual shift towards rapid automated assays for activation of toxicity pathways. These were defined as cellular response pathways that, when sufficiently perturbed, are expected to result in adverse health effects.  Now we all recognize that the information gained from an in vitro cell or biochemical based assay is fundamentally different from the data we’ve grown accustomed to rely on to underpin our regulatory frameworks. No one is pretending that it isn’t. But I’ve become convinced that it can play an important role in both a scientific and regulatory context. 
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Toxicity Testing in the 215t Century

« Advancing Technology

— In vitro screening
* Human tissues more readily available
* Increases in through-put

— From 10’s to 100,000 chemicals/year/assay

— Omics
 Genomics, Proteomics, Metabolomics

— From single endpoints to high content data (10’s of endpoints to 10,000’s)

— Bioinformatic advances and challenges
 How do we use all this high content data?
— Development of databases linking genomic signatures with pathologies

— Development of predictive signatures of pathological and toxicological concerns


Presenter
Presentation Notes
But Tox 21 is more than just high through put screening.  It’s also about bringing the collective information from omics technologies together with HTS data, and interpreting all of this information in the context of traditional toxicology findings and what we know about environmentally induced diseases.
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Genetic Susceptibility - Linking Exposure to Disease

fy genetic variants
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Presenter
Presentation Notes
I wanted to say a few things specifically about an NIH program examining gene environment interactions. This is an ongoing 5-year initiative to understand the interactions of genetics and the environment with respect to asthma, diabetes, cancer and other common illnesses. 

This initiative combines the efforts from both the Exposure Biology Program and the Human Genetics Program to look at gene by environment interactions.  It supports the development of new procedures for analyzing genetic variation in groups of patients with specific illnesses, along with new technologies for measuring exposure to various xenobiotics and stressors.  Through our extramural grants program we are involved in developing an array of tools to more precisely measure the myriad of environmental agents and situations we encounter in daily life.  Some of these exposure measurement tools are being readied for validation studies in the pilot cohort of the National Children’s Study. Critical polymorphisms also inform assay selection for tox 21.
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Exposure data

* New and more sensitive analytical techniques are constantly
being developed (e.g. improved analytical chemistry and
development of tools through the Exposure Biology Program)

* There are more comprehensive databases on human
exposures to environmental chemicals than ever before

— NHANES
— Child Health Study
— GuLF Study

— California Biomonitoring Program

 How do we harness the power of this exposure data and link it
to human health outcomes?
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Presentation Notes
Speaking of the environmental contribution to disease, analytical techniques are improving and our ability to detect multiple chemicals in samples is increasing. There are more comprehensive databases on human exposures to environmental chemicals than ever before, for example, NHANES, Child Health Study, and the GuLF Study.  The overarching question is: how do we make use of these exposure data and link it to human health outcomes?
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Presenter
Presentation Notes
One novel way of approaching exposure assessment is the exposome.  The exposome is the total exposure from internal and external sources that impacts the internal chemical environment. The exposome takes advantage of new analytical chemistry and metabolomic methodologies to get a complete picture of exposure.  
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Moving Forward in Mixtures Toxicology

e Present Paradigm

— One route

— One source

— One chemical class
e Future Paradigm

— Total Exposure

 All routes
 All sources
 All chemicals — endogenous and exogenous

 All stressors — chemicals, nutrition, psychosocial, '
lifestyle, infectious diseases ”@ Qez’e
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Presenter
Presentation Notes
Together, we have all these approaches and tools that could be used to advance the field of mixtures.  I challenge you to think outside of the box today and think about how important it is to incorporate all of these perspectives.  This workshop comes at a great time because we are in the midst of developing our NIEHS strategic plan.  Many issues relevant to mixtures were discussed at the July strategic planning meeting including improving exposure assessments, focusing on pathway disruption, consideration of multiple chemicals and nonchemical stressors.  

Both our participants and observers here today are the “thought” leaders in the field of mixtures.  This workshop is focused on exogenous chemical mixtures, but we realize that in moving forward, we need to have a wholistic view that not only considers chemical stressors, but also non-chemical stressors that affect human health.  With the integration of toxicology, epidemiology, statistics, exposure science, and risk assessment, we can have a significant impact on improving human health and preventing disease.
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ADVANCING RESEARCH ON MIXTURES:

New Perspectives and Approaches for Predicting Adverse Human Health Effects
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