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Outline

• Brief intro to DNTP/NTP

• Definition and perspectives on latency

• Developmental latency

• Carcinogenic latency

• Latency of innovation
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http://ntp.niehs.nih.gov
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NTP Mission

• “testing of chemicals”
• “development and validation of new 

and better integrated test methods
• “strengthen the science base”

Historical strength 
of the Program

Increasing focus
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and better integrated test methods
• “strengthen the science base”

Historical strength 
of the Program

Increasing focus

21st Century Vision
To support the evolution of toxicology from a predominately 
observational science at the level of disease-specific models 
to a predominately predictive science focused upon a broad 
inclusion of target-specific, mechanism-based, biological 
observations.
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Viral latency

https://www.flickr.com/photos/niaid/5057022555/

Point of latency

_
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• Anthracylines are widely-used cancer 
chemotherapeutics

• Adult and childhood cancers
• Acute and chronic effects managed by 

cumulative dose thresholds
• Cardiotoxicity with heart failure a 

significant latent effect in both children 
and adults

Can be years 
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Generally considered that there are no safe levels 
of lead for children!
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Latency complicates traditional views of toxicology

“All things are poison and nothing 
(is) without poison; only the dose 
makes that a thing is no poison.”

Paracelsus (1493-1534)

This approach might be better at 
identifying ‘reagents’ than human 
risks. 

LD50 view of toxicology
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Subacute to chronic toxicity is more complex

TIME
Hazard 
Exposure

Hazard 
Effect

Co-Exposure

Biological Potency
Dose

ADME
Host Susceptibility

Mode of Action

LD50 Carcinogenicity Testing

Developmental Toxicity
Reproductive Toxicity
Sub-chronic Toxicity Studies
Chronic Toxicity Studies
Immunotoxicity

Evolution of testing

What
When
How

What
Where
When
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Development and reproduction as a 
sensitive state
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F0

GD 0

F1

GD 6 GD 21

Reproductive 
Performance Cohort

= Direct Exposure

F2

Prenatal 
Cohort

Subchronic Toxicity 
Cohort

~PND 96 ~PND 120 ~PND 150~PND 12 PND 28

Offspring are allocated 
1-2/sex/litter to each 
Cohort

25 time-mated rats/group
4 dose groups

Cohabitation
Wean

F2

Other endpoints of Interest
e.g. Developmental Neurotox

Continual exposure during all life stages
Multiple interrelated endpoints 

• F1 ≈ F2 litter size?
• ↓perinatal F1 [T] → delayed male sexual maturation

→ malformed [T]-dependent tissues →↓reproductive function→↓↑ F2 litter size
• ↓F1 litter size → ↑ F2 fetal malformations

Blood levels of agent at multiple life stages

NTP Modified One-Generation Study Design

Development and reproduction as a 
sensitive state
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• Exposure stops
– not continuous across generations 
– occurs in the F0 generation in figures

• Health effect evaluated in generation(s) not 
directly exposed

– F2 for non – gestational exposure
– F3 for gestational exposure

• Note: the term “transgenerational” is not used  
consistently in literature

– definition here was selected because it was used 
in NIEHS research grants

Transgenerational Latency



National Institutes of Health
U.S. Department of Health and Human ServicesToxicol Sci, Volume 148, Issue 1, November 2015, Pages 2–13, https://doi.org/10.1093/toxsci/kfv165.

Epigenetics are heritable changes in gene expression that occur with no alteration in 
DNA sequence

_
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Increasing prevalence of learning and behavioral disabilities and neurodevelopmental disorders in 
children

Sources: Pediatrics, 128(5):1007-1022, 2011; American Psychiatric Associations, 2013

Sources: abcnews.go.com, “ADHD rates in kids have 
increased over the past 20 years, new study says”; 
Journal of the American Medical Association (JAMA)

Attention Deficit and 
Hyperactivity Disorder (ADHD)

1 in 10 children in the 
US are estimated to have ADHD 

(CDC 2012)

* Centers for Disease Control and Prevention (CDC) prevalence estimates are 
for 4 years prior to the report date (e.g. 2018 figures are from 2014)

Autism Spectrum Disorder
Estimated Autism Prevalence 2018

Source: autismspeaks.org, “CDC increases estimate of autism’s prevalence 
by 15 percent, to 1 in 59 children”

• Economic costs associated with neurodevelopmental disorders is staggering, estimated to be approximately $461 
billion by 2025 

Rise in Neurodevelopmental Disorders in the U.S
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Evaluating DNT in conjunction with other toxicities in littermates to increase 
power of detection

Motor activity
Motor Function

Motor and sensory function

• DNT studies resource intensive-time, 
money and number of animals

• Limited potential for mechanistic 
understanding of neurodev. disorders

• Subjectivity and limited sensitivity

Challenges

GD 21

Wean

PND 28

Motor activity
Motor Function

Motor and sensory function
Morris water maze

Brain weights
Neurohistopathology

(CNS/PNS)

PND 30-34 ~PND 120PND 60-70

Detailed clinical observations: 2x/d every 2-3 days until 
weaning and weekly thereafter

GD 6
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Aschner et al., 2017 & Mundy

Human-derived high content, cell-based functional assays

DNT Screening: Establishing a novel paradigm

5- FU

Paraquat
Rotenone
ColchicineValproic acid

Lead acetate

BDE-99 , BDE-47, EHDP

Hexachlorophene, DDT, BPDP, 
BDE-47, Carbaryl

Drugs
Flame Retardants
Industrial
PAH
Pesticides
Negative

NTP Chemical Library

High readiness criteria
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Issue: Current behavioral 
methods are not very 
sensitive & do not represent 
natural behavior

Proposed Solution: Explore use 
of automated home cage 
monitoring

Behavior as a neurodevelopmental endpoint

INTELLICAGE

- Social Housing under close-to-natural 
conditions

- No experimenter interference

- Full real-time access to recorded data

- Standardized data acquisition and -analysis
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Carcinogenesis as a latent hazard
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Peri-/Prenatal exposure as a study design 
element in traditional carcinogenicity testing

No substantive 
difference in outcomes
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• Mechanism
• Translation
• Prediction
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Drivers of innovation

•Large number of chemicals 
of potential concern
•Life stage susceptibilities
•Mechanistic understanding
•Cost and time
•Reduce animal use
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Latency of Innovation

https://en.wikipedia.org/wiki/Diffusion_of_innovations

Years

Strategic challenge = How do we shorten this latency?
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Summary

• Latency is a significant concern in hazard assessment 
and influencing our approaches

• Study designs become more complex

• Complexity significantly increases when you consider 
latency in the context of human individuals and 
populations

• The future may be one where we are better at predicting 
latency than modeling it 
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Thank You!


