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Wingspread (1991)

A group of 21 scientists from many fields came
together to weigh evidence reported on the effects of
endocrine disruptors on sexual differentiation,
reproductive function, neurobehavioral development
and autoimmune diseases.

“We are certain of the following: A large number of
man-made chemicals that have been released into the
environment, as well as a few natural ones, have the
potential to disrupt the endocrine system of animals,
including humans.”



EDCs: The EPA Definition

“An endocrine disruptor is an exogenous agent that
interferes with the synthesis, secretion, transport,
binding, action, or elimination of natural hormones in
the body that are responsible for the maintenance of
homeostasis, reproduction, development, and/or
behavior.”
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A brief review of our findings

The principles of endocrinology should be considered
for study and regulation of EDCs

L.ow dose effects have been observed for a number of
EDCs

Non-monotonic dose responses are common for both
hormones and EDCs and have been observed in in
vitro, in vivo (animal) and epidemiology studies.



“Endocrine Principle: Hormones have
non-linear, and often non-monotonic
responses
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n-monotonicity: a mathematical
definition describing a curve shape
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Mechanisms to produce NMDRCs

Cytotoxicity

Cell- and tissue-specific receptors and cofactors
Receptor selectivity

Receptor down-regulation & desensitization
Receptor competition

Endocrine negative feedback loops



““Non-monotonic dose response
curves are observed for hormones
& EDCs

® More than 20 hormones
* More than 70 EDCs

¢ In cultured cells, laboratory animals and human
populations

* For a variety of endpoints
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- Challenges to our conclusions

Why aren’t there any NMDRCs in guideline studies?

Are NMDRCs relevant if they are only observed in
some endpoints or tissues?

Do NMDRCs occur in the range of human exposures?

Can we distinguish NMDRCs from statistical flukes,
particularly in epidemiology studies?

[s there any evidence that endpoints that demonstrate
NMDRCs are adverse?

Are NMDRCs ‘common’? What is their frequency?
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~1fNMDRCs are only observed in certain
tissues or for certain endpoints, are they

relevant?

Maffini et al. 2004

Expression of thyroid hormone receptor
Nucera et al. 2009



risk of mortality

Risk of coronary
heart disease
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MDRCs occur In
human exposures?
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__Isthere any evidence thatendpoints
that demonstrate NMDRCs are
adverse?
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Defining ‘adverse’

US EPA: “A biochemical change, functional impairment, or
pathologic lesion that affects the performance of the whole
organism, or reduces an organism's ability to respond to an
additional environmental challenge.”

WHO: “A change in morphology, physiology, growth,
development or lifespan of an organism which results in
impairment of functional capacity or impairment of
capacity to compensate for additional stress or increased
susceptibility to the harmful effects of other environmental
influences.”

FDA & EFSA: no definition for ‘adverse’
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~Are there any NMDRCs for adverse
effects?

Fertility &~

Neurobehaviors £~
Aromatase activity

Cholesterol levels &

Timing of puberty

Expression of hormone receptors
Organ weight 4

Hormone levels
Metamorphosis parameters &
DNA damage

Dopamine transport

Body weight 4

Liver enzymes

Tissue morphology (mammary
gland)

Gene expression
Mitochondrial metabolism
lon transporter activity
Infarct size after injury '4
Protein levels

Responses to allergens &
Fecundity[

Retinal neurogenesis
Estrous cyclicity £~
Anogenital distance
Antioxidant enzyme activities



~Are there any NMDRCs for adverse
effects? Answers from epidemiology:

Diabetes incidence

BMI (obesity)

Triglyceride levels, HDL cholesterol levels
Telomere length in lymphocytes
Atherosclerosis plaques

Arthritis

Endometriosis

Fasting glucose levels

Mental development scores (infants)
Cytokines in umbilical cord blood
Age at time of natural menopause
Thyroid disease

Hypertension incidence
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"~ What is the frequency of NMDRCs?

“Nonmonotonic dose-response relationships in
Toxicological studies.” JM Davis & D] Svendsgaard 1994

“The results of this study suggest that the incidence of U-shaped
dose-response relationships is roughly on the order of 12% to 24%.”

“There very likely is a bias against publishing, or even submitting for
publication, ‘anomalous’ data of the type in question. If so, the
attempt to determine the incidence of U-shaped relationships
based on the published toxicology literature may... underestimate
the true rate of occurrence of such data.”



ilot study: using in vitro
studies as a proof-of-principle

* 109 studies with 388 experiments were identified

* o3 studies with 250 dose response experiments were
utilized in the analysis

# doses range of doses total log range

L m: N3 4 [
M6 m7 M3 9 M 10
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“Assessing non-monotonicity

Visual inspection of the curve, especially when no statistics
had been performed for specific doses.

Statistical analysis in the manuscript indicates that lower doses
produce significant effects compared to untreated controls, but
higher doses do not.

Statistical analysis indicates that lower doses produce an
increase in response compared to untreated controls and high
doses produce a decrease in response compared to untreated
controls, or vice versa.

Visual inspection suggests a U- or inverted U-shaped curve is
present and statistical analysis indicates that higher doses are
significantly different from the response at lower doses,
regardless of whether the response at the higher doses is
significantly different from what occurs in untreated controls.
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What is the frequency of NMDRCs?

Observed in 59/250 experiments (23.6%)

Observed in 32/93 studies (34.4%)

Even when studies that did not include statistics were
removed, NMDRCs were observed in 53/229
experiments (23.1%)

Thus, NMDRCs are ‘common’ in the BPA in vitro
literature
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v design influences ity
to detect NMDRCs

e Studies that report NMDRCs examine more doses,
over a wider range of concentrations, than studies that
do not.
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- Are NMDRCs reproducible?
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msquestio n whether high
doses can be used to predict the
effeActs of low doses
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practical example, with
implications for risk assessment:
tamoxifen flare
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Summary

We identified hundreds of examples of NMDRCs for
hormones and EDCs.

NMDRCs are observed in cultured cells, in animals, and in
human populations.

We have addressed specific challenges to our findings with
scientific evidence.

In this pilot study of the BPA in vitro literature, more than
20% of experiments and 30% of studies report NMDRCs.

Study design strongly influences whether NMDRCs are
detected.

NMDRCs challenge the idea that high doses can predict the
effects of chemicals at lower doses.
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