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What Is Normal?
Implications for Chemical Safety Assessment

» Understanding what is normal - What does human biology tell us?

» Biomarkers of exposure - How can we better interpret these data?

» How do genetics, age, and nutrition impact the responses to chemical
exposures?

» Which recent innovations in in vitro and animal model systems can
advance our evaluation of what is normal?
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What is normal?

TOXICITY TESTING IN THE 21ST CENTURY

A VISION AND A STRATEGY

Toxicity pathways , US, NAS, 2007
S A~ (e
o T | A New Paradigm:
2 ~_/ Activation of Toxicity Pathways

Adaptive Stress oot | Morbidity
Responses Injury ==} and
3 Martality

THE NATIONAL ACADEMIES
Rifriuat b the Wstize o Scipoce. Frgmanming. ool Mvclving

4

Adverse outcome pathways leading to diseases
OECD (2009)
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Understanding what is normal?
in vitro
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High content data in vitro:
» Statistical significant differences?
» Biological relevant differences?
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Understanding what is normal?
In humans: the exposome

Radiation

Air & Water\
Pollution

~" [ Xenobiotics
Orugs Inflammation
Preexisting disease

Infections /

Behavior &
Lifestyle

vision on technology

Internal Chemical
Environment

» Exposome: All “life-course
environmental exposures...from the
prenatal period onwards”

— Wild C, Cancer Epi Biomarkers Prev.
2005;14:1847-50

* Functional exposome: All
biologicallyactive

chemicals in a person’s blood

— Rappaport and Smith, Science,
2010;330:460-461

atis normal?
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What is normal — exposures?
Biomarkers of exposure — how to interprete
the data better ?

» Normal ranges of biomonitoring data change with time
» Exposures that accumulate and are persistent < not normal
» Short lived chemicals: interpreting spot biomonitoring samples?

»  How to capture variability? ICC: variance between individuals
variance within individuals

» Dealing with exposures to short lived chemicals above P95?
» Use the dynamic range to explore the role of personal, life style, environment
» Learn about sources
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Approaches for Estimating Human Blood
Bioactive BPA Concentrations

Daily External PEPK Model >

Exposure (pb}

Peak Blood [nM ]
Exposure (ug/kg)

i >
Urlne . Serum Concentration - 1
COI'I CEHtFﬁtIDHS Urine Concentration 42

Directly Measured Directly Measured BPA
Total BPA T

Bioactive

BPA
0.1% Bioactive RUE=HU!

Total BPA >

In Serum

J. Teeguarden, PNL
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Time Since Previous Void

At the same urinary 10-
concentration of an .
analyte, participants
with a shorter time
since last void
excrete more analyte
per unit time than
barticipants with longer .

0,01

time since last urinary o 1' o
. Time since previous void, hr
void.

-
1

Flow rate, ml/hr-kg

Adults, ages 20+

Lesa Aylward , Summit Toxicology
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What is normal? Responses?
Homeostasis — Adaptation — Adversity

Response to stressors:

Homeostatic capacity = capacity to get back to normal
Adapation= normality in a changed environment
Irreversible changes

Adversity

Susceptibility influenced by:
Age
Nutrition
Genetics
Epigenetics
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Age : windows of susceptibility
Changes in metabolic enzymes i hines us era

100
= * P<0.01 relative to all other groups *
ol
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2nd Trimester 3™ Trimester  0-1 Mo 1-3 Mo >3 Mo-18 Years
(45) (14) (42) (29) (93)
Age
(N)

Johnsrud et al. J Pharmacol Ther 307:402-7, 2003

It is not just the dose that makes the poison, but also the timing of the dose
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What are normal changes as we age?
fit versus frail phenotype

» Variability is one of the defining characteristic of the older population
(Orme- Zavaleta), US EPA
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Genetic diversity

|. Rusyn, Univ of North Carolina, Chapell Hill

A quantitative high-throughput screening (qHTS) approach to probe
differential chemical effects in a population-based in vitro system
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Genetically diverse Genetically defined In vitro model system

* The International HapMap
Project
* The 1000 Genomes Project

Thousands of lymphoblast (B-lymph.)
cell lines from humans representing
geographically and racially diverse
populations are available from Coriell
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Inter-individual range in ECyg (5%-95%): ~3-fold
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NIEHS-NCATS-UNC DREAM

Toxicogenetics Challenge
(June 10 — September 16, 2013)

Translational Sciences
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IN VITRO POPULATION-BASED MODEL FILLS CRITICAL GAPS:
ASSESSING INTER-INDIVIDUAL VARIABILITY IN TOXICODYNAMICS

Inter-individual range in ECyq (5%-95%): ~10-fold

Inter-individual range in ECyp (5%-95%): ~100-fold
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Nutrition: early life environmental conditions

and later impacts

Elmar Tobi, Leiden University , NL

L
IE][(!:] The Dutch Famine: Hunger Winreﬂ

‘Quasi-experimental’ setting

Food embargo on Holland:
» Exposure period: December
1944 — April 1945

« Official government issued
rations <1000 kcal / day

(Normal requirement; men 2500 kcal
women 2000 kcal)

» hospital birth records:

Last menstrual period
Date of birth

THE NETHERLANDS
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Gestational timing and gender are important

Phenotypic consequences:

Loci specific epigenetic changes that are persistent
IGF2,IL10,GNASAS,INSIGF2,LEP,ABCA1,MEG3 (Tobi et al. , Hum. Mol.
Genet. 2009)
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Epigenetics

Reza J. Rasoulpour, Dow
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- Fraga et al., 2005
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Normal is not a static state

There is a need to better understand what is normal at the exposure and
response site

Multi-fold variation in PK and PD factors in human population
Genetics, diet and age influence susceptibility
Transient stress can leave a persistent epigenetic mark
e Timing is critical
e Specific genes and pathways can be affected
Currently the high content data make it hard to define normality

Personalized exposure profiles are likely to be on the near horizon with
improvements and adoption of sensor technology

Genetic risk factors for adverse responses to chemicals are also near
leading to public awareness of individual risks
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