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• Discussion of Additional Examples

• Preparation for Next Session November 22
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Introduction
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US Coast Guard Academy



Learning Frameworks for Other Courses 
at CourseSource.org



Toxicology Core Concepts
• Evolution–evolution drives the interplay between toxicants/toxins and 

xenobiotic defense mechanisms and justifies the use of model 
organisms.

• Biological Information–differences in genomes and environmental 
exposure drive differences in susceptibility and responses to toxicants.

• Risk Assessment and Risk Management–epidemiology and 
historical events together with science drive regulatory responses to 
risk to individuals and the environment.

• Systems Toxicology–toxicants affect cellular, organ, individual, and 
ecological systems.

• Pathways and Transformations of Energy and Matter–interaction of 
toxicants with organisms are described through paradigms in dose 
response, ADME, and toxico-/pharmacokinetics.



Integrate Core Competencies Throughout 
the Curriculum

• Ability to apply the process of science–biology is evidence-based and 
grounded in the formal practices of observation, experimentation, and 
hypothesis testing

• Ability to use quantitative reasoning–biology relies on applications of 
quantitative analysis and mathematical reasoning

• Ability to use modeling and simulation–biology focuses on the study of 
complex systems

• Ability to tap into the interdisciplinary nature of science–biology is an 
interdisciplinary science

• Ability to communicate and collaborate with other disciplines–biology is a 
collaborative scientific discipline 

• Ability to understand the relationship between science and society–
biology is conducted in a societal context



Learning Goals: Biological Information
• How does carcinogenesis occur in response to genotoxic and 

nongenotoxic carcinogens?
 Ex: Compare and contrast the effects of point and frameshift mutations on a gene.

• What effects can the environment have on gene expression?
 Ex: Describe how gene/environment/time interactions affect developmental disorders and 

disorders of aging.

• How do biomarkers indicate exposure to toxicants?
 Ex: Describe how biomarkers can be used to indicate exposure to a toxicant.

• What differences occur in how individuals or populations are affected by 
exposure to different doses of a toxicant?
 Ex: Explain how differences in individuals result in differences in susceptibility of a 

population to toxicants.

• How do predisposing factors such as variations in health, gender, and 
age affect the response of a population to a toxicant?
 Ex: Explain why children are more susceptible to toxicants than adults.



Alicia Timme-Laragy, PhD
University of Massachusetts



The zebrafish as a tool to study redox stress during development

Nrf2
GSH

Pancreas

What is the oxidative 
stress response during 

development?

What antioxidant 
defenses exist during 

development? 

How do these change 
with developmental stage 

and tissue?

Critical windows of 
toxicant sensitivity?

PCB-11

Later-life consequences of 
early life stage exposures?

PFBS



Activation of Nrf2 during embryonic development: mechanisms and consequences

Developing pancreas is a sensitive target of embryonic redox stress.



Teaching toxicology

• EHS 588: Developmental Origins of Disease
• Pubhlth 403: Introduction to toxicology/environmental poisons
• Pubhlth 433: Ecotoxicology & Public health

• Informal laboratory group teaching at weekly meetings



Discussion



Learning Goals: Biological Information
• How does carcinogenesis occur in response to genotoxic and 

nongenotoxic carcinogens?
 Ex: Compare and contrast the effects of point and frameshift mutations on a gene.

• What effects can the environment have on gene expression?
 Ex: Describe how gene/environment/time interactions affect developmental disorders and 

disorders of aging.

• How do biomarkers indicate exposure to toxicants?
 Ex: Describe how biomarkers can be used to indicate exposure to a toxicant.

• What differences occur in how individuals or populations are affected by 
exposure to different doses of a toxicant?
 Ex: Explain how differences in individuals result in differences in susceptibility of a 

population to toxicants.

• How do predisposing factors such as variations in health, gender, and 
age affect the response of a population to a toxicant?
 Ex: Explain why children are more susceptible to toxicants than adults.



The Importance of Nucleotide Excision 
Repair and Mismatch Repair

• Discussion of the role of repair systems in response to 
DNA damaging agents.
 Provide examples of different toxicants: cisplatin and 

chromium.
• Paper about the importance of mismatch repair or 

nucleotide excision repair in chromium-induced damage 
and a proposed mechanism for carcinogenesis. 
 https://pubmed.ncbi.nlm.nih.gov/15087443/
 https://pubmed.ncbi.nlm.nih.gov/15831465/

• Cell and Molecular Biology Integration
 Lecture & Laboratory components

about:blank
about:blank


Role of Tumor Suppressor Genes in 
Predisposing to Cancer

• Discussion of tumor suppressors and the two-hit 
hypothesis

• Paper about genetic susceptibility and tumor suppressor 
penetrance
 https://pubmed.ncbi.nlm.nih.gov/15937110/

• Cell and Molecular Biology, Developmental Biology Integration

about:blank


Epigenetics Mechanisms and DNA Gene 
Expression

• Discussion about epigenetics and the impact on gene 
expression

• Link between environmental exposure to chemicals and 
epigenetic alterations

• Paper providing evidence for chromium exposure and the 
methylation of tumor suppressor genes
 https://doi.org/10.1016/j.taap.2009.04.008

• Cell and Molecular Biology Integration

about:blank


Nongenotoxic Carcinogens
• Most testing systems focus on genotoxic carcinogens, because they are 

easier to detect in model organisms/systems
 Ames assay, bacterial DNA modification

• Ignores role of bioactivation mechanisms specific to humans
 CYP450 system
 Peroxisome proliferation

• Paper discussing PPARalpha activators as nongenotoxic carcinogens, 
knockout animal is resistant 
 https://pubmed.ncbi.nlm.nih.gov/9827524/

• Cell and Molecular Biology Integration



Transgenerational Effects of DES

• Diethylstilbestrol has lasting effects on epigenetic 
information

• DES is teratogenic but also affects epigenetics
• Cancers in maternal granddaughters of DES-exposed 

grandmothers 
• Link is uncertain, but hypothesized.  How to test?

 https://pubmed.ncbi.nlm.nih.gov/12902917/
 https://pubmed.ncbi.nlm.nih.gov/33147330/

• Developmental Biology

https://pubmed.ncbi.nlm.nih.gov/12902917/


Effects of Polymorphisms on 
Susceptibility to Toxicants

• There are well-known polymorphisms with altered 
responses to cancer, arsenic and other metals, morphine, 
ethanol, and drug metabolism

• Case study:  alcohol dehydrogenase genes in various 
ethnic groups results in altered ethanol metabolism
 https://pubmed.ncbi.nlm.nih.gov/17718397/
 https://pubmed.ncbi.nlm.nih.gov/17718398/

• Pharmacology, Biology

https://pubmed.ncbi.nlm.nih.gov/17718397/
https://pubmed.ncbi.nlm.nih.gov/17718398/


Summary of Discussion



ToXchange Discussion Community

about:blank




Recommended Reading to Utilize the 
Undergraduate Learning Framework

Vision and Change reports @ www.visionandchange.org

Undergraduate Toxicology Learning Framework paper from ToxSci. 
https://doi.org/10.1093/toxsci/kfz090

“Adopting the Undergraduate Toxicology Learning Framework” webinar 
https://www.toxicology.org/education/edu/ugWebinars.asp (a shorter 
version of Webinar 1)

“BioCore Guide: A Tool for Interpreting the Core Concepts of Vision and 
Change for Biology Majors” (discusses adoption of V&C to other 
courses/programs) 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4041499/

about:blank
about:blank
about:blank
about:blank


Topic: Pathways 
and 

Transformations
November 22

12:00 noon ET

Mindy Reynolds, PhD
Washington College

Joshua Gray, PhD
US Coast Guard Academy

Facilitators

Kristie Willett, PhD
University of Mississippi



1. An Introduction to the Core Concepts of Toxicology—September 1

Toxicology Core Concept: 
2. A Focus on Evolution—September 29
3. Biological Information: Toxicology and the Genome—October 18 12:00 

noon ET
4. Pathways and Transformations of Toxicants, from Dose-Response to 

ADME—November 22 12:00 noon ET
5. Systems Toxicology—December 14 11:00 am ET
6. Risk Assessment—January

7. A Culmination of Core Concepts to Teach Toxicology—February

Toxicology Curriculum Webinar Series



Not currently a member of the 
Toxicology Curriculum

Discussion Group?
Contact: virginia.crisp@ncabr.org

about:blank


Thanks for Your Participation!
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