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Reasons
to Attend
Dear Colleagues:
Each year, the SOT Annual Meeting and ToxExpo serves as the largest
gathering of toxicologists and those invested in toxicology. They
attend to share the latest research and breakthrough innovations,
foster relationships that will lead to the next cutting-edge discoveries,
and exchange thoughts and opinions on controversial topics
important to the discipline. I invite you to participate in this year’s
exchange of ideas and insights by joining SOT at the Anaheim
Convention Center in California, March 15–19, 2020.
As part of the Society’s commitment to diversity and inclusion, I
am pleased to announce an Annual Meeting policy change for this
year’s Annual Meeting and ToxExpo: SOT Annual Meeting registrants
(excluding registered guests) are allowed to bring children under full
parental/guardian control into Scientific Sessions and the ToxExpo
Exhibit Hall. In addition, SOT is piloting and subsidizing childcare
services on-site in Anaheim. Individuals interested in participating in
the childcare program should enroll their child(ren) by January 10 to
secure their placement in the program. Please visit the SOT Annual
Meeting website for more information.
This Preliminary Program provides a sneak peek of the more than 80
Scientific Sessions planned for this year’s meeting, but for complete
details on the Scientific Sessions and all other meeting activities, I
encourage you to utilize the Online Planner (see page 2), which
allows you to build a customized schedule that will sync with the SOT
Event App, launching in February 2020.
I look forward to welcoming the 6,000+ attendees and 300+
exhibitors to Anaheim for the SOT 59th Annual Meeting and ToxExpo.
Sincerely,

Innovative Science
70+ Scientific Sessions
•
10+ Featured Sessions
•
2,000+ Abstracts

Global Networking
and Partnerships
300+ ToxExpo Exhibitors
•
100+ Social Events
•
45+ Countries Represented

Education
and Training
Continuing Education Courses
•
Career Development Sessions

Ronald N. Hines, MS, PhD, ATS
2019–2020 SOT President

•
Events by and for
Postdocs and Students

Affordability
and Value
Discounted Registration
for SOT Members
•
Discounted Registration
for Postdocs and Students
•
Exclusive Hotel Rates
and Travel Discounts
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Use the SOT Online Planner to Review
the Latest 2020 Annual Meeting Schedule
Key Features of the Online Planner
Your personalized
schedule

All abstracts and
author blocks

All
presenters

Complete schedule
and session details

Ways to Customize Your View of the 2020 Schedule
Close menu to
increase viewing
window size

Search by key word,
presenter name, and
more

Access your
bookmarked events
View your notes
about events
Review
your personalized
schedule
View the events on a
specific day
Filter the schedule
by event type
(sessions, receptions,
meetings, etc.)

View the
Online Planner in
full-screen mode

Tips and Tricks on Next Page

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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With the Online Planner,
Build a Customized Meeting Schedule
Use the email/
password from your
Annual Meeting
registration to unlock
the customizable
features of the
Online Planner

Online Planner Tips and Tricks

Add event to
your schedule
Bookmark event to
find easily in future

Select to view more
information on the
event

Share event info via
email or social media

Add event to
your schedule
Bookmark event to
find easily in future

Add notes before,
during, or after
the event

www.toxicology.org/2020

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Dear Colleagues,
The scientific program for the SOT 59th Annual Meeting and ToxExpo includes more
than 80 Scientific and Featured Sessions and 2,000 presentations. The topics cover a
range of the best in toxicology—from new insights into basic science to explorations
of public health and safety topics that are making headlines, such as the epidemic of
lung injury and deaths from vaping.
The Scientific Program Committee (SPC) is developing Featured Sessions that
explore cutting-edge science, posing interesting ideas and points for discussion and
exchange. This year’s Plenary Session will feature a presentation on big data and
precision medicine by Atul Butte of the University of California San Francisco, and the
Medical Research Council (MRC) Lecture will be presented by Dame Amanda Fisher
of the MRC London Institute of Medical Sciences. The annual SOT/EUROTOX Debate
will examine the proposition “individual toxicity is the future of risk assessment,” and
the SOT and Japanese Society of Toxicology Symposium will cover oxidative stress in
multiple manifestations of toxicity. The Featured Sessions also will include a special
tribute to Linda S. Birnbaum and an in-depth look at the present and future of the
Society’s official journal, Toxicological Sciences. Plus, stay tuned for announcements of
this year’s Award Lectures (the award recipients will be announced on December 12,
2019).
I also am pleased to unveil a new presentation space that the SPC is programming
in 2020: the SOT TOX Presentation Corner. Located in the ToxExpo Exhibit Hall, this
intimate venue will host short presentations that provide training on topics such as
grant funding, highlight opportunities for career development and transitions, and
foster exchanges of science and ideas. With talks scheduled throughout ToxExpo
hours (schedule will be included in the SOT Event App and on the SOT Annual Meeting
website), attendees are invited to drop by the SOT TOX Presentation Corner to engage
with the presenters.
I encourage you to review the full schedule by using the Online Planner (page 2)
and log in to the tool to begin building your customized schedule for the meeting.
Additional sessions and other events will be added to this online resource as they are
finalized.
Finally, if you have late-breaking research to share, the SPC welcomes your abstract
submission for inclusion in a Late-Breaking Poster Session. The submission fee for
late-breaking abstracts is $75. More information about submitting a late-breaking
abstract will be available in the “Presenters” section of the SOT Annual Meeting
website starting on December 6, 2019, when the late-breaking abstract submission
period begins.
I look forward to the opportunities for scientific exchange and advancement that the
SOT 59th Annual Meeting and ToxExpo promises.

2019–2020 COUNCIL
PRESIDENT
Ronald N. Hines, MS, PhD, ATS
Research Triangle Park, NC
VICE PRESIDENT
George P. Daston, PhD
Procter & Gamble Company
VICE PRESIDENT-ELECT
Myrtle Davis DVM, PhD, ATS
Bristol-Myers Squibb Company
SECRETARY
Laurie C. Haws, PhD, DABT
ToxStrategies, Inc.
SECRETARY-ELECT
Suzanne Compton Fitzpatrick,
PhD, DABT
College Park, MD
TREASURER
Anthony M. Ndifor, PhD
Janssen
Research & Development
PAST PRESIDENT
Leigh Ann Burns Naas,
PhD, DABT, ATS, ERT
Traverse City, MI
COUNCILORS
Virunya S. Bhat, PhD, DABT
ToxStrategies, Inc.
Michael J. Carvan III, PhD
University of
Wisconsin-Milwaukee
Anne H. Chappelle, PhD, DABT
Chadds Ford, PA
Barbara L. F. Kaplan, PhD
Mississippi State University
Cynthia V. Rider, PhD, DABT
NIEHS/NTP
Courtney E. W. Sulentic, PhD
Wright State University
EXECUTIVE DIRECTOR
Tonia M. Masson

Warmest regards,

George P. Daston, PhD
SOT Vice President and Scientific Program Committee Chair, 2019–2020
Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Scientific Program Overview

General Scientific Sessions (Listed by date, then time, then session type)
Continuing Education Courses
Education-Career Development Sessions
Featured Sessions
Informational Sessions

Poster Sessions
Regional Interest Sessions
Roundtable Sessions
Symposium Sessions

Workshop Sessions
   

Innovations in Applied
Toxicology

   

Innovations in Toxicological
Sciences

Platform Sessions
All Scientific Sessions are held in the Anaheim Convention Center.

Sunday, March 15
7:00 AM to 7:45 AM

1:15 PM to 5:00 PM

CONTINUING EDUCATION SUNRISE MINI-COURSES

CONTINUING EDUCATION AFTERNOON COURSES

SR01

Advances in CRISPR-Cas9 Tools and Applications
for Toxicologists

PM09

SR02

Qualifying Biomarkers and Navigating the US FDA
Predictive Toxicology Roadmap to Improve DecisionMaking in Toxicology and Drug Safety Assessment

AAV Vectors on the Move: Safety Assessment and
Advancing Sciences in Gene Therapy SecondGeneration Products

PM10

An Introduction to New Approach Methodologies
(NAMs) and Understanding Their Potential to Support
Regulatory Decisions

PM11

Gateway Technologies to Tomorrow’s Metal
Toxicological Research

8:15 AM to 12:00 Noon
CONTINUING EDUCATION MORNING COURSES
AM03

Developing Therapeutics for Ocular Indications:
A 20/20 View

PM12

Harnessing the T Cell for Cancer Immunotherapy:
A Course on T Cell Redirection

AM04

Introduction to Open-Access Computational
Toxicology Tools

PM13

In Vitro Approaches to Assess the Toxicity of
Inhaled Substances

AM05

Lung Function: It’s Not Just Breathing

PM14

AM06

Modern Modeling Strategies to Address Uncertainty
and Variability in Dose-Response Assessment

The Male Reproductive Tract: Development, Toxicology,
and Pathology

AM07

The Basics of In Vitro Xenobiotic Metabolism and
Drug-Drug Interaction Investigations: Applicability to
All Xenobiotics

AM08

Timing Is Everything: Developmental Exposure Alters
the Path of Immune Cell Maturation and Function

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Monday, March 16
8:00 AM to 10:45 AM

10:45 AM to 12:30 PM*

SYMPOSIUM SESSIONS

POSTER SESSIONS

• Can We Predict and Manage Immune-Related Adverse Events
Associated with Cancer Immunotherapy?

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.

• Developmental Toxicity of Per- and Polyfluoroalkyl Substances
(PFAS): Current In Vivo Approaches and Application to Human
Health Risk Assessment

• Air Pollution: Biomass

• Lysosome/Autophagy Dysregulation in Toxicity and
Disease

• Alternatives to Mammalian Models I
• Biomarkers
• Developmental and Juvenile Toxicology

• New Data and Tools for Understanding Chemical
Distribution In Vitro

• Developmental Basis of Adult Disease

WORKSHOP SESSIONS

• Neurodegenerative Disease

• Applicability Domains and Future of Nonanimal Tests for
Skin Sensitization

• Neurotoxicity: Developmental

• Known Unknowns: Challenges and Approaches for Handling
Chemical, Hazard, and Regulatory Uncertainty in Medical
Device Safety Assessments

• Reproductive Toxicology II

• Oligodendrocytes/Schwann Cells: Major Targets in
Neurotoxicity and Neurological Diseases
• Toxicological Exposure and Risk Assessment of Emissions from
3D Printers
PLATFORM SESSION

• Liver Signaling, Disease, and Injury

• Epigenetics

• Reproductive Toxicology I
• Respiratory Toxicology
• Safety Assessment: Pharmaceutical—Drug Discovery
11:00 AM to 12:30 PM
FEATURED SESSION

A Career in Advancing the Field 
of Toxicology: A Tribute to
Linda S. Birnbaum

9:00 AM to 10:45 AM*

Speakers:
Martin van den Berg, Universiteit
Utrecht, Utrecht, Netherlands.

POSTER SESSIONS

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.
• Air Pollution Toxicology
• POPs

Suzanne E. Fenton, NIEHS/NTP,
Research Triangle Park, NC.

• Risk Assessment Applications I
• Risk Assessment Methods I
• Safety Evaluation of Nonpharmaceutical Products
• Systems Biology
9:30 AM to 3:00 PM

Rick Woychik, NIEHS/NTP, Research
Triangle Park, NC.

RESEARCH FUNDING INSIGHTS

• Network with Program Officers

Laurie C. Haws, ToxStrategies Inc.,
Austin, TX.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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11:00 AM to 12:30 PM

1:00 PM to 2:00 PM

WORKSHOP SESSIONS

PLENARY SESSION

• Aircraft Cabin Fume Events: Is There a
Toxicological Explanation?

Precisely Practicing Medicine from 700 Trillion Points
of Data

• Globally Harmonized Guidance for Dose-Response Analysis
and Derivation of Health-Based Guidance Values for
Chemicals in Food—Part I: What’s New?

Speaker:
Atul Butte, University of California
San Francisco, San Francisco, CA.

• Impacts on Human Health of Sunscreen Active Ingredients
Used to Filter Ultraviolet Light
11:00 AM to 12:20 PM
ROUNDTABLE SESSION

• Mechanistic Read-Across of Chemical Toxicants Based
on Big Data
INFORMATIONAL SESSIONS

• Individual-, Community-, and Population-Level
Environmental-Associated Attributes of Disparate Health
Outcomes in Vulnerable Populations
• The Epidemic of Chronic Kidney Disease of Unknown Etiology
in Agricultural Communities

“Dr. Butte is a pioneer in the analysis of big data, using these
data to gain new insights into diseases and their treatment.
The promises of precision medicine are dependent on the
appropriate analysis of large datasets. Dr. Butte will tell us
about his group’s efforts to organize and gain insight from
health records, leading to better therapeutic choices. He also
will describe new methods for teaching intelligence, both real
and artificial, for better medical practice.”
—George P. Daston, SOT Vice President and
Scientific Program Committee Chair

2:15 PM to 4:30 PM*

11:30 AM to 12:45 PM 

POSTER SESSIONS

IN VITRO TOXICOLOGY LECTURE AND LUNCHEON
FOR STUDENTS

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.

Computational Intelligence: Building “Smart Models”
for Toxicology in the Era of Big Data
Lecturer:
Thomas B. Knudsen, US EPA/CCTE,
Research Triangle Park, NC.

• Air Pollution: Ozone
• Air Pollution: PM
• Alternatives to Mammalian Models II
• Carcinogenicity
• Epidemiology and Public Health
• Medical Devices
3:00 PM to 4:00 PM
MERIT AWARD LECTURE

• 2020 awardee to be announced mid-December

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Tuesday, March 17
3:00 PM to 4:30 PM

8:00 AM to 10:45 AM

SYMPOSIUM SESSIONS

SOCIETY OF TOXICOLOGY AND
JAPANESE SOCIETY OF TOXICOLOGY SYMPOSIUM

• Evolving Technologies for Determination of
Biotherapeutic Specificity

Oxidative Stress in Multiple Manifestations of Toxicity

• Genome Editing in Drug Discovery: Using the Cas9 Protein to
Explore Target-Mediated Toxicity

JSOT Speaker:
Yoshito Kumagai, University of Tsukuba,
Tsukuba, Japan.

WORKSHOP SESSIONS

• Bringing Advances in Risk Science into Regulatory Decisions:
Applying Data-Driven Uncertainty Analysis
• Globally Harmonized Guidance for Dose-Response Analysis
and Derivation of Health-Based Guidance Values for
Chemicals in Food—Part II: Intuitive Demonstrations

JSOT Speaker:
Yoshiro Saito, Tohoku University,
Sendai, Japan.

• Single Cell Applications in Mechanistic Toxicology
• The More, the Better? Single Biomarkers, Panels, and/or
Composite Biomarkers to Characterize Organ Injury
• Variety Is the Life of Spice: The Clinical Toxicology of
Synthetic Cannabinoids

SOT Speaker:
Alicia R. Timme-Laragy, University of
Massachusetts Amherst, Amherst, MA.

4:45 PM to 6:00 PM
SOT/EUROTOX DEBATE

Individual Toxicity Is the Future of Risk Assessment
SOT Speaker:
Dean P. Jones, Emory University
School of Medicine, Atlanta, GA.

SOT Debater:
Syril D. Pettit, HESI, Washington, DC.

8:00 AM to 10:45 AM

EUROTOX Debater:
Alan R. Boobis, Imperial College London,
London, United Kingdom.

SYMPOSIUM SESSIONS

• Cellular Recovery and Resilience: A New Perspective on
Toxicity Testing
• Cyanide as a Chemical Threat: Finding Better Antidotes
• Electronic Cigarettes and Cardiovascular Toxicity: New Friend
or Old Foe?
• Environmental Exposure and Health Effects of
Organophosphate Esters
• Quantitative and Translational Systems Toxicology: Improving
Drug Safety from Preclinical to Clinical Outcomes
WORKSHOP SESSIONS

• Human-Relevant Carcinogenicity Testing: Tools for Cancer
Assessment in 2020 and Beyond
• Using Human Genetics to Aid in Safety Assessment
of Therapeutics

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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8:00 AM to 10:45 AM

11:00 AM to 12:30 PM

PLATFORM SESSIONS

TOXICOLOGICAL SCIENCES FEATURED SESSION

• Bridging the Translational Gap in Drug Development
• Investigating Female Reproductive Toxicity

NextGen ToxSci: From Journal Improvements to
Community Building through Social Media

9:00 AM to 10:45 AM*

Speakers:
Jeffrey M. Peters, Pennsylvania State
University, University Park, PA.

POSTER SESSIONS

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.
• Computational Toxicology I
• Ecotoxicology
• Food Safety/Nutrition

Alison Harrill, NIEHS, Research Triangle
Park, NC.

• Nanotoxicology: In Vitro
• Nanotoxicology: In Vivo
• Nanotoxicology: Methodologies and Assessments
• Natural Products

Dana C. Dolinoy, University of
Michigan School of Public Health,
Ann Arbor, MI.

• Regulation/Policy
• Skin and Dermal Toxicity
• Stem Cell Biology and Toxicology
9:30 AM to 4:30 PM
RESEARCH FUNDING INSIGHTS

David Crotty, Oxford University Press,
Oxford, United Kingdom.

• Network with Program Officers
10:45 AM to 12:30 PM*
POSTER SESSIONS

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.

Laura Van Winkle, University of
California Davis, Davis, CA.

• Autoimmunity/Hypersensitivity
• Bioinformatics
• Endocrine Toxicology
• Immunotoxicity I
• Inflammation
• Kidney
• Liver I
• Pesticides
11:00 AM to 12:00 NOON
DISTINGUISHED TOXICOLOGY SCHOLAR
AWARD LECTURE

• 2020 awardee to be announced mid-December

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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11:00 AM to 12:30 PM

2:15 PM to 4:30 PM*

SYMPOSIUM SESSION

POSTER SESSIONS

• Targeted Protein Degraders: Considerations for Nonclinical
Safety Assessment of a New Pharmaceutical Modality

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.

11:00 AM to 12:20 PM

• Animal Models

INFORMATIONAL SESSIONS

• Liver II

• Communicating Risk in a (Mis)information-Rich World

• Risk Assessment Applications II

• Current Status and Knowledge Gaps in the Use of Zebrafish in
Risk Assessment

• Risk Assessment Methods II

EDUCATION-CAREER DEVELOPMENT SESSION

SOT ANNUAL BUSINESS MEETING

• A CURE for the Common Classroom: Engaging Students and
Faculty in Course-Based Undergraduate Research Experiences
to Maximize Academic Success and Productivity

• SOT members are encouraged to attend.

4:45 PM to 6:15 PM

1:30 PM to 4:15 PM
SYMPOSIUM SESSIONS

• Environmental Carcinogenesis: Effect of Carcinogen Exposure
on the Genome and Health Risks

Wednesday, March 18
8:00 AM to 10:45 AM
SYMPOSIUM SESSIONS

• Epigenetic Mechanisms of Metal-Induced Cancer Stem
Cell–Like Property and Carcinogenesis

• Immunosuppressive and Anti-inflammatory Activity of
Cannabis and Cannabinoids: Adverse or Therapeutic?

• Immune Cell Polarization in Toxicology and Therapeutic
Approaches

• Resolution of Inflammation in Chemical Toxicity/Tissue Injury:
What’s Emerging?

• Organ to Silicon Chip: Emerging In Vitro and In Silico Tools for
Evaluation of Cardiotoxicity

• Single Cell Technologies: A Potentially Transformative Tool for
Toxicology

• TaRGET II Consortium: Elucidating Epigenetic Responses to
the Environment across Target and Surrogate Tissues

WORKSHOP SESSIONS

WORKSHOP SESSIONS

• Applying Modern Toxicology to Dietary Supplements with
Ancient Roots: Botanical Safety in the 21st Century

• Genetic Mutations of Manganese Transporters: Clinical
Presentation and Neurotoxicity

• Automation and Machine-Learning Techniques to Leverage
Resources When Conducting a Systematic Review

• Mechanisms and Multiple Exposures: Methods to Tackle
Toxicology’s Most Difficult Challenges Using Systematic
Review Frameworks

• In Vitro Microphysiological Systems: Developing Tools to
Evaluate Immunotoxicity of Drug Candidates

PLATFORM SESSIONS

REGIONAL INTEREST SESSION

• PFAS Mechanisms

• Protecting Public Health and the Environment during
Wildfire Recovery

• Toxicity of E-cigarettes: The Unknown Dangers

• Sex, Lungs, and Air Pollution

PLATFORM SESSION

• Cancer

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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9:00 AM to 10:45 AM*

11:00 AM to 12:00 Noon

POSTER SESSIONS

EUROTOX BO HOLMSTEDT
MEMORIAL AWARD LECTURE

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.
• Biological Modeling

Understanding Three Fundamental Quantitative
Principles Is a Prerequisite for Improving Toxicological
Science and Risk Assessment

• Clinical and Translational Toxicology
Lecturer:
Wout Slob, Rijksinstituut voor
Volksgezondheid en Milieu (RIVM),
Bilthoven, Netherlands.

• Disposition/Pharmacokinetics
• Education, Ethical, Legal, and Social Issues
• Exposure Assessment/Biomonitoring
• Mechanisms of Arsenic Toxicity
• Metals I

11:00 AM to 12:20 PM

• Metals II

INFORMATIONAL SESSION

• Neurotoxicity: General
• Neurotoxicity: Metals

• Novel Uses of Analytical Platforms for Efficacy/Safety
Biomarker Selection to Improve De-risking of Therapeutics

• Neurotoxicity: Pesticides

EDUCATION-CAREER DEVELOPMENT SESSION

• Ocular Toxicology
• Oxidative Injury and Redox Biology

• Next-Generation Toxicologist Training through Innovative
Summer Internships

9:30 AM to 4:30 PM

12:30 PM to 1:30 PM

RESEARCH FUNDING INSIGHTS

PLENARY KEYNOTE MEDICAL
RESEARCH COUNCIL (MRC) LECTURE

• Network with Program Officers
10:45 AM to 12:30 PM*

Epigenetics and Inheritance

POSTER SESSIONS

Lecturer:
Dame Amanda Fisher, MRC London
Institute of Medical Sciences, London,
United Kingdom.

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.
• Biotransformation/Cytochrome P450
• Cell Death Mechanisms
• Chemical Threats and Bioterrorism I

1:30 PM to 2:30 PM

• Chemical Threats and Bioterrorism II

LEADING EDGE IN BASIC SCIENCE
AWARD LECTURE

• DNA Damage and Repair

• 2020 awardee to be announced mid-December

• Immunotoxicity II
• Safety Assessment: Pharmaceutical—Drug Development

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Thursday, March 19
1:30 PM to 4:15 PM

8:30 AM to 11:15 AM

SYMPOSIUM SESSION

SYMPOSIUM SESSIONS

• Human Stem Cell–Derived Test Systems as Alternative
Approaches for Developmental Neurotoxicity (DNT)
Evaluation: Research and Regulatory Perspectives

• Application of RISK21 Framework in Regulatory-Based
Decision-Making: From Business Decisions to Prioritization to
Risk Assessment

WORKSHOP SESSIONS

• Chemical Probes in Toxicology: From Defining Exposures to
Identifying Novel Toxicity and Druggable Targets

• Improving Our Understanding of Toxicant Metabolism and
Cytochrome P450s Using Novel Knockout Models and HighThroughput Methods
• New Frontiers in Dynamic Toxicology
• Parental Cannabis Exposure and Long-Term Neurobehavioral
Deficits in Offspring
PLATFORM SESSION

• Immunotoxicity
2:15 PM to 4:30 PM*

• Express Yourself (or Not . . .): The Nonclinical Safety of
Oligonucleotide Therapeutics
• Identifying and Modeling Gene-Environment Interactions
in Neurological Diseases Associated with Metal Exposure:
Challenges and Recent Advances
• Protecting the Force: Examining the Hazards of Military
Service from the Bench and the Battlefield
WORKSHOP SESSIONS

POSTER SESSIONS

• Cannabidiol Science, Safety, and Societal Impacts: Where Do
We Stand?

*Posters will be displayed from 9:00 am to 4:30 pm, with the
author in attendance during the assigned Poster Session.

• Have In Vitro Teratogenicity Assessments Come of Age in the
Pharmaceutical Industry?

• Aryl Hydrocarbon Receptor
• Cardiovascular Toxicology/Hemodynamics
• Computational Toxicology II
• Emerging In Vitro Systems
• Mixtures
• PFAS

• Immune-Mediated Adverse Drug Reactions:
State-of-the-Art Learnings from Preclinical and Clinical Drug
Development
8:30 AM to 11:30 AM
LATE-BREAKING POSTER SESSION

• Topics to be announced by early March 2020

• Receptors
• Tobacco and ENDS Toxicology

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Pledge Your Support
for the 2020 SOT Annual Meeting

Supporters Make the Meeting
Aﬀordable for Everyone
Contributions keep registration fees low,
enabling scientists at all career levels to attend.

Make your contribution today!
Supporters receive prominent recognition
throughout the SOT Annual Meeting and ToxExpo.*

www.toxicology.org/support
*Benefits vary by level of support.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Registration

Toxicologists and scientists from related fields are invited to attend
the SOT 59th Annual Meeting and ToxExpo. Registration for the
meeting includes access to all Scientific Sessions, the three-day
ToxExpo Exhibit Hall, 60+ Exhibitor-Hosted Sessions, more than
2,000 scientific presentations, and most SOT-hosted receptions and
events. Continuing Education courses and select activities are available with add-on fees (see the “Registration Fees and Types” web
page on the Annual Meeting website.)

Registration Deadlines
Early-Bird Registration
January 17, 2020
Standard Registration
February 7, 2020
Final Registration
After February 7, 2020

Register Now
Registration Fees
Early-Bird
(By Jan. 17)

Standard
(Jan. 18–Feb. 7)

Final
(After Feb. 7)

SOT Member

$340

$400

$460

SOT Member (One day)

$205

$265

$325

Nonmember

$700

$760

$820

Nonmember (One day)

$420

$480

$540

SOT Retired/Emeritus Member

$70

$120

$170

SOT Postdoctoral Member

$85

$135

$185

Postdoctoral Nonmember

$170

$220

$270

SOT Graduate Student Member

$65

$115

$165

Graduate Student Nonmember

$130

$180

$230

Undergraduate Student

$0

$0

$0

High School Student

$0

$0

$0

SOT Global Partner

$0

$0

$0

Press

$0

$0

$0

Guest (Nonscientist)

$70

$85

$100

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Registration

How to Register
Online Registration
SOT members and nonmembers paying by credit card may use the SOT Online
Registration System. The Online Registration System is available 24-7 and will remain
open throughout the meeting. Online registrants will receive an electronic confirmation after registering. If you do not, please contact the SOT Registration Department
by email or call 703.438.3115.

Fax or Mail Registration
To pay by check, government purchase order, money order, or credit card, register by
mailing the Registration Form to SOT Headquarters. Fax registrations must be accompanied by credit card payment. Forms will be date-stamped as they arrive. This is
your date of registration. A registration confirmation will be provided via email; if you
do not receive confirmation within two weeks, please contact the SOT Registration
Department by email or call 703.438.3115.
DO NOT mail your Registration Form to SOT if it will arrive after March 12, 2020. SOT
will accept hard copy Registration Forms until March 12; only online and on-site registrations will be accepted from March 13 until the close of the meeting.

Payment Tips
Company or personal checks must be in US currency and should list all registrants
in the check memo area or on the check stub. Please address payment to “Society
of Toxicology.”

SOT Registration
Department
Contact Information
Mail:
SOT Headquarters
11190 Sunrise Valley Drive
Suite 300
Reston, VA 20191
Tel:
703.438.3115
(Registrations will not be
accepted via telephone.)
Fax:
703.438.3113
Email:
sotmeetings@toxicology.org

Government purchase orders must be drawn from the US Department of the Treasury.
SOT accepts American Express, Diner’s Club, Discover, MasterCard, or Visa. Fax registrations will be accepted only if a credit card number
is clearly listed in the appropriate area.

Exhibitor Registration
Exhibitors should register using the Exhibitor Service Center on the ToxExpo website. For assistance with exhibitor registration, please
contact Will Low by email or call 703.438.3115.

Guest/Spouse Registration
If a nonscientist is accompanying you to the meeting, you may register your guest while registering yourself for the meeting. If you have
already registered for the meeting, complete the Guest Registration Form and send it to SOT Headquarters along with a copy of your
registration confirmation. Reminder: guest registrants are not permitted in the ToxExpo Exhibit Hall or in Scientific Sessions.

Media Registration
Accredited and vetted representatives of media organizations receive complimentary registration for the meeting. To request press
registration or for more information, please contact Michelle Werts by email or call 703.438.3115.

Undergraduate and High School Student Registration
Registration is free for undergraduate and high school students. To register, complete and return the Registration Form along with a copy
of your student ID to the SOT Registration Department.
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Cancellation, Refund, and Registration Policies
All requests for cancellations and/or refunds must be received in writing at SOT Headquarters by February 7, 2020. These refunds will
be processed, less a $50 fee, after the SOT Annual Meeting and ToxExpo. Refund requests received after February 7, 2020, will not
be processed.
By registering for the 2020 SOT Annual Meeting and ToxExpo, you are agreeing to the terms and conditions of the Annual Meeting Policies.

Meeting Badge and Event Tickets
If you register by January 17, 2020, you will receive your badge and event tickets in the mail.
Please remember to bring these items with you to Anaheim, as your badge admits you to the
meeting, sessions, and events. Tickets for Continuing Education courses and other events
also may be required and are issued with your meeting badge.
If you register after January 17, 2020—or did not receive your badge or misplaced it—go to
the Registration counter on-site to pick up your badge. You will be asked to show a photo ID.
Badge holders will be available on-site near Registration.

2020 SOT Annual Meeting Policies
Attendee Qualifications
Individuals

Organizations

Participation is available only to bona
fide individuals who are engaged in
or promote the field of toxicology or
biotechnology research and support
the growth and development of the
toxicology field.

Participation is available only to bona fide organizations with public policy positions and
business practices that are generally consistent with the SOT mission, goals, and reputation, as well as its policies and principles, as determined by the Society. SOT reserves the
right to review applications for participation at the SOT Annual Meeting and ToxExpo to
confirm that the applicant meets these criteria. The Society may reject a registration by any
individual or organization or withdraw registration privileges at any time if the individual or
organization is found to be inconsistent with the Society’s principles and interests.

Attendance Terms and Conditions
By registering for the SOT 59th Annual Meeting and ToxExpo, you are agreeing to abide by SOT’s Code of Conduct policy and to the
following terms and conditions, granting SOT permission to:
• Reproduce, copy, and publish your image, voice, and any or
all media taken at the Annual Meeting and ToxExpo.

• Share your name and affiliation with ToxExpo exhibitors
and Annual Meeting Supporters.

• Share your contact information with organizations that the
Society believes might have a product or service of interest
to you. Limited data provided to third parties include name,
title, affiliation, and business address. Your telephone and
fax numbers and email will not be disclosed to third parties.

• Include you in the attendee list, which includes your name
and affiliation, accessible to meeting registrants using the
Event App.

(Annual Meeting Policies continued on next page)

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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(Annual Meeting Policies continued from previous page)
SOT Annual Meeting registrants (excluding registered guests) are:
• Allowed to bring children under full parental/guardian control into Scientific Sessions and the ToxExpo Exhibit Hall.
• Full control entails ensuring that children do not
interfere with exhibits and sessions or display disruptive
behavior (i.e., no running, no excessive noise).

• Parents/guardians will be liable for any damage
to exhibits.
• In consideration of other participants, disruptive
children should be removed from the hall or session.

SOT Annual Meeting registrants are prohibited from:
• Inviting guest/spouse registrants into Scientific Sessions
and the ToxExpo Exhibit Hall.
• Soliciting in the ToxExpo Exhibit Hall unless registered as an
exhibitor. SOT retains the right to remove any company or
individual that has not duly contracted for exhibit space.
• Taking photographs or other electronic capture of Scientific
Sessions or the ToxExpo without the consent of the session
Chair and the presenter(s)/author(s).

• Photographing colleagues against the backdrop of scientific
posters on display without the express consent of the
presenting author(s).
• Photographing ToxExpo exhibit booths.
• Using cell phones while attending Scientific Sessions.

The Annual Meeting Policies will be enforced by the Society. Those individuals who do not comply will be asked to leave the session
and/or ToxExpo Exhibit Hall. To request an exemption from any of the Annual Meeting Policies, written notification by the registrant
must be submitted to SOT Headquarters before the Annual Meeting and ToxExpo or while on-site. If you have any questions regarding
these policies, please contact the SOT Headquarters Office.

Attendance Etiquette and Audio and Video Recording, Photography,
and Cell Phone Policies
The Society does not permit photography or the electronic
capture of Scientific Sessions or the ToxExpo Exhibit Hall without
the consent of the session Chair and/or the presenter(s)/author(s).
This policy also includes photographing colleagues against the
backdrop of scientific posters on display without the express
consent of the presenting author(s).
• Photographing or videotaping in the ToxExpo Exhibit Hall is
prohibited.
• Electronic capture of Scientific Sessions via any method is
prohibited.
• All cell phones and electronic devices must be put on
silence mode while attending Scientific Sessions.
Attendees are encouraged to ask questions after presentations or
at the direction of the moderator.

SOT Privacy Policy and Disclaimer
The SOT Annual Meeting and ToxExpo adheres to the Society’s
general privacy policy and disclaimers.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Connect and Network with Scientists

Join the Society of Toxicology to engage with more
than 8,100 members from 70+ countries and
advance toxicology research.
Member Benefits Include:

Discounted Registration Rates
for SOT-Hosted Meetings

Exclusive Award
Opportunities

Free or Discounted Access
to Toxicological Sciences, the
Society’s Oﬃcial Journal

Nominate and Be Nominated
for Prestigious Awards

Career and Education
Resources for All Career
Levels—From Undergraduates
to Senior Scientists

www.toxicology.org
SOT Membership = Annual Meeting avings
Apply for SOT membership by December 31 to qualify for
discounted registration fees for the 2020 Annual Meeting and
ToxExpo. Approved new members will be notified in February 2020.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Hotel and
Travel
Housing
SOT has reserved rooms and negotiated exclusive rates at many hotels near
the Anaheim Convention Center—known as the SOT hotel room block.
By booking a room in the SOT hotel room block through the SOT official
housing partner, Connections Housing, you get exclusive hotel rates,
increase your networking opportunities by staying in the same locations
as other attendees and exhibitors, and receive full-service assistance with
making and updating your reservation without any prepayment. 

The deadline
for housing reservations
is February 14, 2020.

Hotel Reservation Information
To secure a room in the SOT hotel room block, reservations must be made through Connections Housing and not directly with the hotels.
You can book 24-7 through the SOT and Connections Housing website, which offers real-time availability with full hotel descriptions,
amenity lists, distances from the Anaheim Convention Center, maps, and other information. For best availability and immediate confirmation, make your hotel reservation via internet or by telephone; faxed and mailed housing requests will take longer to process, and your
hotel selections may not be available.

Book Online:

www.toxicology.org/housing

Mail:

Connections Housing
950 Scales Road, Building 200
Suwanee, GA 30024

Tel:

Hours of Operation:

800.262.9974 (US) or
404.842.0000 (All Callers)

Monday–Friday,
8:30 AM–7:00 PM (ET)

Fax:

678.228.1920

Reservation Acknowledgment

Changes and Cancellations

A reservation acknowledgment will be emailed, faxed, or mailed to
you once your reservation has been booked. You will not receive a
confirmation from your hotel. If you do not receive an acknowledgment within three business days, please call Connections Housing.

You can make changes and cancellations online or by contacting
Connections Housing. The hotel will charge the first night’s room
and tax to individuals who cancel their reservations within 72 hours
of the day of arrival or who do not arrive at all. Early departures are
subject to penalty fees set by each hotel.

Room-Share Program
SOT maintains a list of meeting registrants who have signified an interest in sharing a room. This list is available only to meeting registrants and only to those who voluntarily enroll in the program and accept the terms of the legal disclaimer. For more information on this
program and to sign up, visit the SOT Annual Meeting website.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Hotel Map

Book Room Now

Hotel Map

1

Anaheim Convention Center
800 West Katella Avenue

5

Hyatt Place at Anaheim Resort/Convention Center
2035 South Harbor Boulevard

Anaheim Marriott (SOT Headquarters Hotel)
700 West Convention Way

6

Red Lion Hotel Anaheim
1850 South Harbor Boulevard

7

Residence Inn at Anaheim Resort/
Convention Center
640 West Katella Avenue

8

Sheraton Park Hotel at the Anaheim Resort
1855 South Harbor Boulevard

9

Springhill Suites at Anaheim Resort/
Convention Center
1801 South Harbor Boulevard
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Hotel Services

Book Room Now

In-Room Safe

Complimentary
Fitness Center

Swimming Pool

Business Center

Complimentary
In-Room Wi-Fi

Room Service

Gift Shop

Overnight
Self-Parking*

Valet Parking
Per Night*

AAA Rating
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P

P

P

$26

$31

3

standard;
$239 queen/
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P
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N/A

3

Adjacent
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P

P
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SOT
Rate

P

P

P

P

P

$21

$26

3

Hilton
Honors

1

$239

P

P

P

P

P

P

P

$22

N/A

3

5) Hyatt Place at
Anaheim Resort/
Convention Center
2035 South
Harbor Boulevard

World of
Hyatt

1

$239

P

P

P

P

P

P

P

$20

N/A

3

6) Red Lion
Hotel Anaheim
1850 South
Harbor Boulevard

Hello
Rewards

2

Government
Only

P

P

P

P

P

P

$15

N/A

3

7) Residence Inn at
Anaheim Resort/
Convention Center
640 West
Katella Avenue

Marriott
Bonvoy

2

$235

P

P

P

P

P

$24

N/A

3

8) Sheraton Park Hotel at
the Anaheim Resort
1855 South
Harbor Boulevard

Marriott
Bonvoy

2

$239

P

P

P

P

P

$21

$26

3

9) Springhill Suites at
Anaheim Resort/
Convention Center
1801 South
Harbor Boulevard

Marriott
Bonvoy

2

$215

P

P

P

P

$24

N/A

3

1) Anaheim Marriott
(SOT Headquarters Hotel)
700 West Convention Way

Marriott
Bonvoy

Adjacent

2) DoubleTree Suites by
Hilton Anaheim Resort/
Convention Center
2085 South
Harbor Boulevard

Hilton
Honors

3

3) Hilton Anaheim
777 West
Convention Way

Hilton
Honors

4) Homewood Suites by
Hilton Anaheim Resort/
Convention Center
2010 South
Harbor Boulevard

SOT Hotel Block

Complimentary
Breakfast

Restaurant

P

Blocks to
Convention Center

$248

Rewards Program

Single/Double Rate

Hotel Services

$220

P

P

P

P

P

P

*Rates Subject to Change; Does Not include Tax
All hotel accommodations, rates, internet access, and parking pricing are subject to change. Early departures are subject to penalty fees set by the hotels. Although making your reservations outside the SOT hotel block can
sometimes be more economical, it decreases the money available to the Society to carry out its strategic goals and may cause the Society to pay attrition fees for unutilized hotel rooms. In addition, the Society is unable to
assist you if you have any difficulties with your room reservation, such as the hotel overbooking or misplacing your reservation. SOT depends on the Annual Meeting revenue (hotel room commissions and rebates) to fund
*Rates
Subjectthroughout
to Change
other programs
the year and to keep future registration fees low. Please assist the Society by making your hotel room reservation through the official SOT housing partner. Rates shown are for single and double
occupancy; additional fees may apply for additional guests. Please note: services offered, taxes, and fees associated with hotel services are subject to change and availability; tax rate 17%. Information listed is complete and
All
hotel accommodations,
rates,checkout
internettimes
access,
and parking
are subject
to change.
departures
are2:00
subject
to pm.
penalty fees set by the hotels. Although making your reservations outside the SOT
accurate
as of June 4, 2019. Note:
are usually
betweenpricing
11:00 am–1:00
pm; check-in
timesEarly
are usually
between
pm–4:00

hotel block can sometimes be more economical, it decreases the money available to the Society to carry out its strategic goals and may cause the Society to pay attrition fees for unutilized hotel rooms. In
addition, the Society is unable to assist you if you have any difficulties with your room reservation, such as the hotel overbooking or misplacing your reservation. SOT depends on the Annual Meeting revenue
(hotel room commissions and rebates) to fund other programs throughout the year and to keep future registration fees low. Please assist the Society by making your hotel room reservation through SOT Housing
Bureau. Rates shown are for single and double occupancy; additional fees may apply for additional guests. Please note: services offered, taxes, and fees associated with hotel services are subject to change
and availability; tax rate 14.75%. Information listed is complete and accurate as of July 1, 2019. Note: checkout times are usually between 11:00 am–1:00 pm; check-in times are usually between 2:00 pm–4:00 pm.
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#toxexpo

Hotel & Travel | 21

Hotel & Travel

Transportation
Air Transportation
Southern California is serviced by several airports to help attendees reach their destination:

» John Wayne Airport, Orange County (SNA) | 23 minutes from the Anaheim Convention Center, servicing seven airlines
» Los Angeles International Airport (LAX) | 45 minutes from the Anaheim Convention Center, servicing 50+ airlines
» Long Beach Airport (LGB) | 25 minutes from the Anaheim Convention Center, servicing five airlines
Preferred-Carrier Airfare Discounts
SOT has established discounted rates through United and Delta Airlines on select routes to the Anaheim area. Be sure to use the appropriate reference numbers when making your reservation. You may purchase your ticket online, call the airline directly using the toll-free
number, or provide your travel agent with the reference/discount numbers to receive the discount.
United Airlines

Delta Airlines

Tel: 800.426.1122 | www.united.com
SOT Discount Code: ZHW8
Agreement Code: 397504

Tel: 800.328.1111 | www.delta.com/meetings
SOT Discount Code: NMTV4

Use Z Code ZHW8 and Agreement Code 397504 to receive
a discount of up to 10%. The discount is valid for travel from
March 9, 2020, through March 22, 2020.
Attendees traveling from outside the United States should call
their local United Airlines reservations office or email United
Airlines with their preferred itinerary and discount codes.
If you are booking through a travel professional, please provide
the following information to receive a discount:
Z Code: ZHW8, Agreement Code: 397504.

Use offer code NMTV4 to receive a discount of up to 10%.
The discount is valid for travel from March 9, 2020, through
March 22, 2020.
Attendees traveling from outside the United States should call
their local Delta Airlines reservations office or email Delta Airlines
with their preferred itinerary and discount codes.
If you are booking through a travel professional, please provide
the following information to receive a discount: SOT Discount
Code: NMTV4.

SOT Air Travel Provider—ATC Travel Management
ATC Travel Management is the official travel management firm for the SOT 59th Annual Meeting and ToxExpo.
Tel: 800.458.9383 | Website: www.atctravelcorp.com | Email: reservations@atcmeetings.com
Hours of Operation: Monday–Friday, 8:30 AM–7:00 PM (ET)

Please note that depending on your reservation method, ATC Travel Management charges a $10 online service fee or a live agent reservation fee.
Before contacting ATC Travel Management, please gather the following information:
• Your name as it appears on your ID and your date of birth

• The number of persons traveling (adults/children)

• The desired dates of arrival to and departure from Anaheim

• Your payment method, either credit card or check

• Your home city or originating airport

• Your airline frequent flyer number(s)

• Your approximate time of departure from the
originating airport
To obtain the maximum discounted fares, call at least 60 days before departure and identify yourself as an SOT meeting attendee. ATC
Travel Management will find the best fare for you and will email you an itinerary.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Ground Transportation from the Airport
Shuttle Services
SuperShuttle and Execucar provide the most cost-effective ground transportation service between area airports and major hotels in the
Anaheim area. Shuttle service is operated 8:00 am–12:00 midnight daily.
To receive 10% off all SuperShuttle private airport sedans and SUVs, use the discount code ATZQB. This discount is valid for online
reservations only. For more details on booking, please visit the SuperShuttle website.

Taxis, Car Rentals, and Other Transportation Options
At all three airports, follow airport signage from the terminal to locate ground transportation pick-up locations.
Note: taxis are prohibited from charging flat rates.

» Los Angeles International Airport—The Los Angeles

International Airport rental car offices are located off the
airport grounds, away from airline terminals, and provide
courtesy shuttles to their locations. Shuttles pick up
passengers under the purple Rental Car Shuttles sign at the
islands on the lower level outside baggage claim. 
For more information on ground transportation services, visit
the Los Angeles International Airport website.

» John Wayne Airport—Rental car counters are located on
the Arrival (lower) Level, between Terminals A and B. 

For more information on ground transportation services, visit
the John Wayne Airport website.

» Long Beach Airport—Car rental offices for the Long Beach
Airport are found in the Airport Ground Transportation
Center, located directly across from the terminal building. 

For more information on ground transportation services, visit
the Long Beach Airport website.

Preferred-Carrier Car Rental Discount
Hertz
Tel: 800.654.3131 (US and Canada) | Tel: 800.654.3001 (Non-US and Canada) | www.hertz.com

Hertz car rental services can be booked at an SOT discounted rate by using the Convention Discount Code CV04X50005.

Train Transportation
AMTRAK
Tel: 800.872.7245 | www.amtrak.com

Amtrak operates out of the Anaheim Regional Transportation
Intermodal Center (ARTIC), which is a 13-minute drive from the
Anaheim Convention Center and the SOT hotel area. Taxis are
always ready and waiting outside the station.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

SOT Ride Share
SOT is offering a Ride-Share Program in conjunction with the Annual Meeting and ToxExpo for
those who wish to reduce travel expenses. Once
you have registered for the Annual Meeting, you
can enroll in the Ride-Share Program, view other
enrollees, and make transportation
arrangements.
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Getting around Town
Public Transportation
The Orange County Transportation Authority (OCTA) operates the bus system in the Anaheim/Orange County area. There are approximately 77 bus routes and 6,200 bus stops countywide, including local community and express routes and service to local Metrolink
stations. For detailed schedule information, please refer to the OCTA bus service web page.
Part of the Anaheim Transportation Network, Anaheim Resort Transportation (ART) provides frequent service with 16 interchangeable
routes for the residents, employees, and guests of the city of Anaheim and the greater Anaheim Resort area, including the cities of
Garden Grove and Orange.

Anaheim Convention Center—Location and Parking
Anaheim Convention Center
800 West Katella Avenue, Anaheim, CA 92802

Ample public parking is available close to the convention center for an hourly/daily fee. Check the Anaheim Convention Center website
for more information about parking.
Please review the Hotel Services information on page 21 for valet parking and self-parking rates offered by your hotel.

Volunteer Your Expertise
During the Annual Meeting
Serve as a peer or host mentor for the Undergraduate Diversity and Education Programs
•
Provide insight and perspective through blog posts as an SOT Reporter
•
Lead a Chat with an Expert or a Poster Tour for Trainees
•
Participate in the Tox ShowDown
•
Provide guidance during the Career Exploration through Speed Interviews event
•
Help connect mentees with mentors as a Mentoring Breakfast facilitator
•
Work the Continuing Education Check-In Tables (Students and Postdocs only)
Email sothq@toxicology.org for more information

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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The Society of Toxicology has established a special category
for private, public, and not-for-profit organizations that wish

GLOBAL
PARTNERS

to contribute to the success of the Society through year-round
support. You, too, can become among those organizations that
demonstrate their commitment to the SOT mission of “creating a
safer and healthier world by advancing the science and increasing
the impact of toxicology.” Organizations interested in becoming
an SOT Global Partner should contact SOT Headquarters.

Here’s Why You Should Support SOT
By becoming an SOT Global Partner, organizations are:

•

Supporting the premiere toxicology society in

•

increasing the scientific impact of and advocating
for the value of toxicology;

•

Promoting the importance of education and
building for the future of toxicology; and

•

Contributing to the success of the largest

Encouraging activities aligned with the prediction
and prevention of toxicity and disease.

scientific meeting in toxicology and attracting
scientists at all stages of their careers from around
the globe;

AbbVie Inc.
North Chicago, Illinois
Alcon
Fort Worth, Texas
Bristol-Myers Squibb Company
Pennington, New Jersey
Celgene Corporation
Summit, New Jersey
Chevron Energy Technology
Company
Houston, Texas
Coca-Cola Company
Atlanta, Georgia

Corteva Agriscience Haskell
R&D Center
Newark, Delaware

Oxford University Press
Oxford, United Kingdom
Pfizer Inc.
Groton, Connecticut

Covance Inc.
Madison, Wisconsin

Procter & Gamble
Mason, Ohio

ExxonMobil Biomedical
Sciences Inc.
Annandale, New Jersey

Regeneron Pharmaceuticals
Tarrytown, New York

Genentech Inc.
South San Francisco, California

Sanofi
Bridgewater, New Jersey

Gilead Sciences Inc.
Foster City, California

Syngenta Crop Protection Inc.
Greensboro, Noth Carolina

Novartis Pharma AG
Basel, Switzerland

Colgate-Palmolive Company
Piscataway, New Jersey
As of October 7, 2019
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General
Information
The SOT 59th Annual Meeting and ToxExpo will take place within the Greater Los Angeles metropolitan area at the Anaheim
Convention Center, located at 800 West Katella Avenue. More than 6,000 attendees are expected for the five-day meeting. Individuals
from more than 45 countries will participate in over 80 Featured and Scientific Sessions, as well as hosted events. Plus, 300+ exhibitors
will share their expertise and products during the three-day ToxExpo.

Annual Meeting Publications
The 2020 Annual Meeting publications, including the Program and The Toxicologist, are available exclusively in digital format as PDFs. In
addition, the SOT Online Planner and SOT Event App contain the full meeting schedule and abstracts. Details on how to use the Online
Planner and SOT Event App are available on page 2.

» Awards PDF—recognizes the 2020 SOT award recipients

and 2019 Endowment award recipients (coming December 12,
2019)

» Program PDF—contains detailed information on the

Scientific Sessions and all other Annual Meeting and ToxExpo
events and activities (coming January 2020)

» SOT Event App—provides up-to-date information on the

» The Toxicologist—compiles all abstracts accepted for the
Annual Meeting and is an official supplementary issue of
Toxicological Sciences, the Society’s official journal (coming
February 2020)

» The Toxicologist: Late-Breaking Supplement—compiles all
the late-breaking abstracts accepted for the Annual Meeting
(coming March 2020)

Annual Meeting and ToxExpo and is your all-in-one resource
for the complete schedule, abstract details, and more
(coming February 2020)

Planning to Attend
About Anaheim
Home to professional sports teams and the Disneyland Resort, many dining
and entertainment options are within walking distance of the SOT hotels and
the Anaheim Convention Center. The SOT Visit Anaheim website contains more
information on all Anaheim has to offer.

Accessibility for Persons with Disabilities
The Anaheim Convention Center and SOT hotels are accessible to persons with disabilities. If you require special services, please let SOT
know by indicating your needs while registering or by contacting Heidi Prange by email or by phone at 703.438.3115.
To arrange special services, SOT recommends the following two providers for language and mobility needs:

Language Services Associates Inc.

Scootaround

800.305.9673 | www.lsaweb.com

888.441.7575 | www.scootaround.com

Language Services Associates is a nationwide, full-service firm providing translators and interpreters in 180
languages.

Scootaround is a leading source for wheelchair, scooter,
and powerchair rentals.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Attire
Business casual—no coat or tie required! Bring comfortable clothing and shoes and dress in layers as meeting rooms sometimes
fluctuate in temperature.

Attraction Discounts
SOT attendees can take advantage of specially priced Disneyland Theme Parks tickets, available for purchase before the start of the
Annual Meeting. To take advantage of this offer, purchase tickets through the special SOT-related online Ticket Store. Note: discounts
are available only for tickets purchased before 9:00 pm (PT) on Saturday, March 14, 2020. Purchased tickets will be valid for visits from
Friday, March 13, 2020, through Tuesday, March 24, 2020. Prices are subject to change without notice and terms and conditions apply.

Badges and Event Tickets
If you register by January 17, 2020, you will receive your badge, event tickets,
and other requested registration materials in the mail. Please remember to bring
these items with you to Anaheim, as your badge is your admission to the meeting,
sessions, and events. Tickets for Continuing Education courses and other events also
may be required and are issued with your meeting badge. Badge holders will be
available on-site near Registration.
If you register after January 17, 2020—or did not receive your badge or misplaced
it—go to the Registration counter on-site to pick up your badge. You will be asked to show a photo ID.

Safety and Security
SOT takes the safety and security of all those involved with the SOT Annual Meeting and ToxExpo seriously. In addition to convention
center security, SOT employs security personnel to assist before, during, and after the meeting. An action plan in case of protests is
provided to all session Chairs and is available on the SOT Annual Meeting website. In addition, the website contains tips regarding best
practices for personal safety, such as removing your badge when you leave the convention center and knowing your surroundings. Visit
the “Planning to Attend” web page for more information.

Visa Information
Tips for Applying for a Visa

• Start Early—The United States is advising visa applicants to apply at least three to four months before their travel date. Additional
reviews may be required. This could add four to six weeks to the processing time.

• Gather Your Application Materials—Organize your passport; necessary applications; supporting documents, including
information on employment, reason for travel, and financial status; and proof of payment of fees. For more detailed information
on visa requirements, consult the US Department of State visa web page and the National Academies International Visitors Office
web page.
• Submit Your Application—Make an appointment to visit your US embassy or consulate. Make sure you ask if there are any fees
required. Most fees must be paid before your appointment. Wait times for appointments may be longer than in the past. Schedule
the appointment as soon as possible. Information on visa wait times can be found on the US Department of State visa web page.
If you need additional assistance, contact the National Academies International Visitors Office web page.
If you need a formal invitation letter for visa purposes, you may request an invitation by sending your name, address, and other
contact information to the SOT Registration Department by email. If you have been accepted as a meeting presenter, please
include the title and date of your presentation.
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On-Site Services
Childcare Services
During the SOT 59th Annual Meeting and ToxExpo, registrants are allowed to bring children under full parental/guardian control into
the Scientific Sessions and the ToxExpo Exhibit Hall. For more on the SOT child policy, read the Annual Meeting Policies.
Also, SOT has contracted with KiddieCorp to offer childcare for children aged six months through 12 years during the 59th Annual
Meeting and ToxExpo. The cost to participate in the childcare program is $12.00 per hour per child, and each child must be enrolled for
a minimum of two consecutive hours on each day the child will participate in the program. The advance enrollment deadline is January
10, 2020. Visit the “On-Site Services” web page for enrollment information and more details.

FedEx Office Business Centers
FedEx offers services such as shipping; common office supplies; and high-quality full-color and black-and-white copying, printing, and
uploading of documents from a memory stick or CD. Two FedEx Office Print & Ship Centers can be found near the Anaheim Convention
Center, located in the Anaheim Marriott and the Hilton Anaheim.

Anaheim Marriott FedEx Office Print
& Ship Center

Hilton Anaheim FedEx Office Print
& Ship Center

700 West Convention Way, Anaheim, CA 92802
Tel: 714.703.2250 | Email: usa0789@fedex.com

777 West Convention Way, Anaheim, CA 92802
Tel: 714.621.0028 | Email: usa5624@fedex.com

Hours of Operation:
Monday–Friday
Saturday–Sunday

Hours of Operation:
7:00 AM–10:00 PM
9:00 AM–5:00 PM

Monday–Friday
Saturday–Sunday

7:00 AM–7:00 PM
7:00 AM–5:00 PM

Other On-Site Services
SOT provides a variety of services for attendees during
the meeting. Information on the following services is
available on the SOT Annual Meeting website and the
SOT Event App (launching in February 2020):

Internet Access
SOT provides free wireless internet access throughout the convention center in all locations where SOT events are being held. To
connect to the free wireless internet, browse the available wireless
networks and select the “2020SOT” wireless network.
Look for @SOT Center kiosks to check email and and access the
Event App.

» Coat/luggage check
» Concession stands and other food services
» First-aid and emergency services
» Lost and found
» SOT Headquarters Office
» SOT Pavilion

Nursing Mothers’ Room
The Nursing Mothers’ Room is located next to the first-aid room, between Halls A and B in the main lobby of the Anaheim Convention
Center, and is openly accessible, with a door that locks from the inside for added privacy if desired. The room is equipped with furniture, power outlets, and a refrigerator for the convenience and comfort of its users; please note that the refrigerator does not lock and
is accessible to users of this room at any time.
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Assistance for Speakers and Presenters
Scientific Poster Printing Services
SOT offers poster presenters the ability to have a poster printed
and picked up on-site in Anaheim instead of carrying it to the
meeting. Shepard Exposition Services is the official general
service contractor providing this service on behalf of SOT. Please
follow the instructions on the SOT Annual Meeting website
regarding Shepard’s Poster Pro tool to take advantage of this
service. Orders must be received by February 21, 2020. Please
direct questions about this service to Shepard via email.
If you are not a scientific poster presenter but wish to have a
poster or signage printed, please contact Shepard via email.

Speaker Ready Room
All presenters are strongly encouraged to preload their presentations before traveling to Anaheim for the Annual Meeting. SOT
provides all confirmed Scientific Session presenters with login
credentials to access the meeting’s online speaker management
site to remotely load presentations. Links to the online speaker
management site will be available in February 2020.
Once on-site, all presenters should visit the Speaker Ready
Room (Room 210 A) to view their presentation and ensure that
everything is working properly or for assistance with loading
presentations. More information on the Speaker Ready Room
is available on the SOT Annual Meeting website and SOT Event
App (launching in February 2020).

Contribute to
Your Journal

Reproducible, Transparent, Impactful,
Rigorous, Timely
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Events and
Activities
All activities will be held at the Anaheim Convention Center, unless otherwise noted.

Committee on Diversity Initiatives (CDI) Reunion

Saturday, March 14, 7:30 PM to 8:30 PM, Anaheim Marriott
Chair(s): James P. Luyendyk, Michigan State University; and Frederic J. Moulin, US FDA.
Hosted by: Committee on Diversity Initiatives (CDI)
Join the CDI in celebration of the 31st year of the Undergraduate Diversity Program and the people who have made and continue to make
it successful. The CDI Reunion is a great opportunity for former students, organizers, and volunteers of the program to gather and celebrate 31 years of success in encouraging the next generation of scientists. Please welcome and network with this year’s undergraduate
student participants and mentors. This event will include the presentation of the 2020 Perry J. Gehring Diversity Student Travel Award.
Dessert, coffee, and tea will be served. Please mark your calendars and begin the 59th Annual Meeting by visiting with friends and
colleagues at this energetic event highlighting the successes made possible by so many SOT members.

Awards Ceremony Music

Sunday, March 15, 4:45 PM to 5:15 PM
Performed by: Gregg Young
Award-winning Gregg Young is a
solo guitarist who also tends to play
with beats, loops, and tracks that
include bass, drums, percussion, and
some keyboards to sound like a full
band. Writing and making his own music, he is known for
playing funk, rock ’n’ roll, reggae, blues, and groove jazz.

Awards Ceremony

Sunday, March 15, 5:15 PM to 6:30 PM
The 2020 SOT award recipients are recognized after a
pre-ceremony musical performance. Please join SOT in
honoring this year’s awardees. More information about
the 2020 SOT award recipients will be available on the
SOT website in December 2019 and in the SOT Event App
(launching in February 2020).
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Welcome Reception

Sunday, March 15, 6:30 PM to 7:30 PM
Everyone is invited to join SOT for this informal start to the 2020 meeting where you
can renew friendships and make new acquaintances. Hors d’oeuvres and a cash bar are
available during this event.

25-Year (or More) Member Reception

Sunday, March 15, 7:00 PM to 8:00 PM, Anaheim Marriott
(By Invitation Only)

If you have been a member of SOT for 25 years or more, please join your colleagues to celebrate and connect with others who have
helped shape the Society. Be sure to wear your anniversary pin.

SOT Mentoring Breakfast

Monday, March 16, 6:15 AM to 7:45 AM
(Ticket Required)

Endorser(s): Education and Career Development Committee
SOT recognizes the importance of mentoring in the scientific and professional development of its members and is pleased to host its
ninth annual Mentoring Breakfast. The Mentoring Breakfast is for SOT members at any career stage—from students and scholars to
senior scientists—who are seeking a mentor. Trained facilitators will lead small-group discussions to determine each individual’s wants
and needs in a mentor and then will use this information to connect the participant with an appropriate mentor after the meeting. Please
note that mentor information will be provided after the Annual Meeting and that mentors do not attend the breakfast. Registration is
limited and is accepted on a first-come, first-served basis.

Global Gallery of Toxicology

Monday, March 16, to Wednesday, March 18, 9:00 AM to 4:30 PM
Toxicology societies from around the world are invited to participate in the Global Gallery of Toxicology, now in its ninth year. Posters
from participating organizations are prominently displayed in a designated area of the Exhibit Hall during ToxExpo hours. These posters
showcase the societies’ recent accomplishments, strategic initiatives, and upcoming meetings and opportunities. Meet representatives
of the participating organizations at their posters from 2:15 pm to 2:45 pm on Monday, March 16. For more information about participating in the Global Gallery, please contact Kevin Merritt by email by January 31, 2020.

Global Collaboration Coffee

Monday, March 16, 10:30 AM to 12:30 PM
IUTOX invites all Global Gallery participants and representatives of societies from around the world to the Global Collaboration Coffee,
hosted by SOT. This event offers an opportunity for scientific leaders to connect and gain a better understanding of the initiatives of
societies around the world. In the afternoon, attendees are encouraged to attend the Global Gallery of Toxicology in the ToxExpo Exhibit
Hall, where presenters will share their posters in a “Representative Attended” poster time from 2:15 pm to 2:45 pm on Monday, March 16.
Please contact Kevin Merritt by email for information on participating in the Global Collaboration Coffee and Global Gallery of Toxicology.
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SOT Pavilion—A Place to Connect (Booth #1111)

Monday, March 16, to Wednesday, March 18, 9:00 AM to 4:30 PM
Stop by the SOT Pavilion (Booth #1111) anytime during ToxExpo hours to connect and catch up with your SOT friends and colleagues.
At the Pavilion, you also can:

» Chat with Toxicological Sciences Editor-in-Chief Jeffrey M. Peters and Managing Editor Virginia Hawkins
» Reserve a table or find space for a last-minute meeting with colleagues
» Share your Annual Meeting, SOT, and toxicology experiences as part of the Graduate Student Leadership Committee
#YouTox campaign

» Learn about SOT activities, programs, and membership

SOT TOX Presentation Corner

Monday, March 16, to Wednesday, March 18, 9:00 AM to 4:30 PM
The SOT TOX Presentation Corner is new for 2020. Programmed by the Scientific Program Committee and located in the ToxExpo Exhibit
Hall, this intimate venue is hosting short presentations that:

» Provide Training on topics such as grant funding
» Highlight Opportunities for career development and transitions
» Foster eXchanges of science and ideas
With talks scheduled throughout ToxExpo hours (schedule will be included in the SOT Event App and on the SOT Annual Meeting
website), attendees are encouraged to drop by the SOT TOX Presentation Corner to engage with the presenters.

Research Funding Insights Room

Monday, March 16, 9:30 AM to 3:00 PM;
Tuesday, March 17, and Wednesday, March
18, 9:30 AM to 4:30 PM
Hosted by: Education and Career Development
Committee
Representatives from federal agencies will be available in the
Research Funding Insights Room for individual conversations. Make
an appointment with a program officer in advance or check the
posted schedule in the Research Funding Insights Room to meet
with a staff member who can discuss aspects of scientific review
or specific grant opportunities. New investigators are especially
encouraged to meet with program staff.
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Past Presidents’ 5K Fun Run/Walk

Tuesday, March 17, 6:00 AM, Location to Be Announced
Supported by: IDEXX BioAnalytics
When you pack for the meeting, don’t forget your running shoes so you can participate in the 10th annual Past Presidents’ 5K Fun Run/
Walk! Open to anyone interested, this event is a great opportunity to meet friends and make new acquaintances in a casual environment,
joining SOT Past Presidents in showing support for the Society. Whether you’re in it for some friendly competition or would rather take a
leisurely stroll, this event’s emphasis is on camaraderie and will bring together runners and walkers of all levels and paces.
Register by the early-bird deadline of February 14, 2020, to receive a complimentary souvenir T-shirt. Registration is only $25, and all
proceeds support the SOT Endowment Fund. The “Fun Run” web page and registration will launch in December 2019 and can be accessed
from the “Program” section of the SOT Annual Meeting website.

Blood Drive

Tuesday, March 17, and Wednesday, March 18, 9:30 AM to 3:30 PM
SOT encourages attendees to participate in the SOT Blood Drive, which is taking place in the ToxExpo Exhibit Hall. You may book an
appointment in advance beginning January 13, 2020, or drop by anytime between 9:30 am and 3:30 pm. More information about this
activity will be shared on the SOT Annual Meeting website as it becomes available.

SOT Annual Business Meeting

Tuesday, March 17, 4:45 PM to 6:15 PM
SOT members are invited and encouraged to attend the Annual Business Meeting.
The agenda includes a financial summary, a review of the 2019–2020 accomplishments, and highlights of the first-year initiatives of the 2019–2023 Strategic Plan.

Tox ShowDown

Tuesday, March 17, 7:30 PM to 9:00 PM,
Location to Be Announced
Chair(s): Philip Wexler, Bethesda, MD.
This is the ninth year of the Tox ShowDown, the toxicological quiz game par excellence. Three teams of three contestants—the Endocrine
Disruptors, the Free Radicals, and the Toxic Metabolites—battle to answer questions wholly, partially, or remotely related to toxicology.
Topics run the gamut, including the role of toxicology in history, current events, arts, culture, and society, not to mention science. The
event features a cash bar and is a great opportunity to see how many questions you can answer correctly while enjoying a good laugh.

Undergraduate Educator Network Meeting
Date and Time to Be Announced

Chair(s): Christine Perdan Curran, Northern Kentucky University.
Hosted by: Faculty United for Toxicology Undergraduate Recruitment and Education (FUTURE) Committee
The Undergraduate Educator Network Meeting is for all faculty involved in teaching toxicology to undergraduates, trainees thinking
about teaching, and those interested in including toxicology at the undergraduate level. Learn about initiatives for undergraduate
faculty, provide your input, network with your colleagues, and discuss shared interests.
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Component Group (Regional Chapter, Special Interest Group,
and Specialty Section) Activities
Regional Chapter, Special Interest Group, and Specialty Section Posters
Monday, March 16, to Wednesday, March 18, 9:00 AM to 4:30 PM

Dedicated poster space showcases the SOT Regional Chapters, Special Interest Groups, and Specialty Sections during the Annual Meeting.
The poster area is located adjacent to the SOT Pavilion (Booth #1111) in the ToxExpo Exhibit Hall. Come meet representatives from the
Component Groups on Monday, March 16, from 11:45 am to 12:15 pm.

Regional Chapter, Special Interest Group, and Specialty Section
Officers Meetings
Monday, March 16, to Wednesday, March 18, Time Varies by Group

Usually scheduled as breakfast or lunch events, these meetings allow Regional Chapter, Special Interest Group, and Specialty Section
leadership to discuss business items. These meetings are limited to the Component Group officers only. More specific information about
these meetings will be available in the Online Planner and the SOT Event App (launching in February 2020) as they are scheduled.

Regional Chapter, Special Interest Group, and Specialty Section Meetings,
Luncheons, and Receptions
Monday, March 16, to Wednesday, March 18,
Time Varies by Group

Many Regional Chapters, Special Interest Groups, and Specialty
Sections hold their Annual Business Meeting and/or host luncheons or
receptions during the SOT Annual Meeting. These activities act as social
events, award ceremonies, and career development sessions all in one.
These events are a great way to catch up with colleagues, meet other
members, or learn more about a group before becoming a member.
More specific information about these meetings will be available in the
Online Planner and the SOT Event App (launching in February 2020) as
they are scheduled.

Regional Chapter, Special Interest Group,
and Specialty Section Mentoring Events
Monday, March 16, to Wednesday, March 18,
Time Varies by Group

Some Regional Chapters, Special Interest Groups, and Specialty Sections
present mentoring or career development events during the meeting to
provide growth and enrichment activities for their members and other
attendees. These events often occur separately from the Component
Group meetings, luncheons, and receptions. More specific information
about these meetings will be available in the Online Planner and the
SOT Event App (launching in February 2020) as they are scheduled.
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Students and Postdoctoral Scholars
Undergraduate Diversity Program

Saturday, March 14 to Monday, March 16, Times and Locations Vary
Chair(s): James P. Luyendyk, Michigan State University; and Frederic J. Moulin, US FDA.
Hosted by: Committee on Diversity Initiatives (CDI)
Recipients of the Undergraduate Diversity Program Student and Advisor Travel Awards participate in a three-day program to learn more
about toxicology and careers in biomedical research. The program begins Saturday evening with networking in mentoring groups; an
introduction to toxicology; and the CDI Reunion, a celebration including current and past program participants and organizers. Then,
the students and advisors participate in the Sunday Undergraduate Education Program. On Monday, the students and advisors participate in Scientific Sessions, visit posters, and attend the In Vitro Toxicology Lecture and Luncheon for Students. Participants continue to
network with toxicologists and have a special session to conclude this concentrated exposure to toxicology and to opportunities after
graduate studies in the biomedical sciences. For schedule details, see the “Undergraduate Diversity Program” web page on the SOT
Annual Meeting website.

Sunday Undergraduate Education Program

Sunday, March 15, 8:00 AM to 5:00 PM, Anaheim Marriott
Chair(s): James P. Luyendyk, Michigan State University; and Frederic J. Moulin, US FDA.
Hosted by: Committee on Diversity Initiatives (CDI)
Endorser(s): Faculty United for Toxicology Undergraduate Recruitment and Education (FUTURE) Committee
This daylong program introduces undergraduates to topics in various toxicology disciplines, including an opportunity to explore and
interpret data. Students meet with graduate students and academic program directors to learn how to submit strong graduate school
applications and the merits of specific graduate programs, as well as how to succeed in graduate school. They also network with SOT
mentors and toxicologists in various employment sectors to become more familiar with what life is like in different career paths in
toxicology. For schedule details, see the “Sunday Undergraduate Education Program” web page on the SOT Annual Meeting website.

Student/Postdoctoral Scholar Mixer
Sunday, March 15, 7:30 PM to 9:00 PM,
Anaheim Marriott
(Free Ticket Required)

Hosted by: Graduate Student Leadership
Committee (GSLC)
This is an opportunity for all students and postdoctoral scholars
to gather, meet new colleagues, and reestablish relationships in
an informal atmosphere at the beginning of the meeting. Learn
about being involved in SOT by speaking with student leaders
at the SOT Component Group posters. The GSLC Outstanding
Graduate Student Leadership Award is presented during this event.
Tickets are obtained at no cost by registering for the mixer on the
Annual Meeting Registration Form. A ticket and meeting badge are
required to attend. Complimentary refreshments and a cash bar will
be available.
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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In Vitro Toxicology Lecture and Luncheon for Students
Computational Intelligence: Building “Smart Models” for Toxicology in the Era of
Big Data
Monday, March 16, 11:30 AM to 12:45 PM, Anaheim Marriott
(Ticket Required)

Chair(s): Agnes Karmaus, Integrated Laboratory Systems; and Pamela J. Lein, University of California Davis.
Lecturer: Thomas B. Knudsen, US EPA/CCTE, Research Triangle Park, NC.
Supported by: An Educational Grant from the Colgate-Palmolive Company
Hosted by: Education and Career Development Committee
The goal of the In Vitro Toxicology Lecture series is to feature important research using in vitro and alternative
techniques to study basic mechanisms and to develop test methods aimed at replacing animal use whenever
feasible. Undergraduate students, graduate students, postdoctoral scholars, and recipients of Colgate-Palmolive awards are among the
guests at this event. Students and postdoctoral scholars register for $10 (nonrefundable) with their Annual Meeting registration. Lunch
service is available for participants with tickets who arrive before 11:45 am.
2020 Lecture Abstract
Technologies used by toxicologists, and the biological questions we
ask, have become increasingly sophisticated with the integration of
data science and computational intelligence. Computer models allow
us to mine big data and synthesize important concepts that can be
applied to biologically complex systems. To operationalize complex
data for toxicological evaluation, information must be collected,
organized, and assimilated into models that bridge different levels
of biological organization. By reconstructing biological tissues
in silico into simulated “virtual tissues,” we can demonstrate how
dynamic changes occur in response to a particular stimulus such
as biomolecular lesions introduced from real-world data. This has
been captured for several examples in embryo development with
data from ToxCast or literature, rendering where, when, and how
a particular lesion might lead to an adverse outcome, facilitating
mechanistic hypothesis generation and predictive toxicology.
Discussion will focus on how many models are needed, how smart
models must be to support decision-making in the animal-free (3Rs)
zone, and practical considerations for technology development,
application, and training for predictive toxicology. Disclaimer: this
abstract does not reflect US EPA policy.

Trainee Discussion with Plenary Session Speaker Atul Butte
Monday, March 16, 2:15 PM to 3:00 PM
(Ticket Required; Limited Seating)

Speaker: Atul Butte, University of California San Francisco, San Francisco, CA.
Atul Butte will meet informally for discussion with graduate students and postdoctoral scholars after the Plenary Session lecture.
Registration is limited to SOT Student and Postdoctoral members.
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Chat with an Expert

Monday, March 16, to Thursday, March 19, Time Varies by Group
(Meet at the Chat with an Expert Poster Board in the Main Lobby)

Hosted by: Graduate Student Leadership Committee (GSLC)
The purpose of Chat with an Expert is to provide graduate students and postdoctoral scholars the opportunity to network informally
with well-established toxicologists while obtaining career advice and meeting new colleagues. Small groups are formed by matching
research interests of students and postdocs with those of an expert. The expert for each group identifies a time and a place for an
informal meeting, and the group meets at the Chat with an Expert poster board before proceeding to the meeting location. This program
also includes opportunities for postdocs to host informal meetings with graduate students during the Chat with a Postdoc portion of the
program. Expert registration closes January 13, 2020. Student and postdoc registration will open the week of January 20, 2020. Details for
each group meeting will be sent to participants before the SOT Annual Meeting.

Poster Tours for Trainees

Monday, March 16, to Wednesday, March 18, Time Varies by Group
Hosted by: Postdoctoral Assembly (PDA)
This program allows graduate students and postdoctoral scientists to participate in a one-hour guided poster tour with an expert toxicologist. These small-group tours provide an opportunity for trainees to participate in critical evaluation of cutting-edge toxicology
methods and research findings and network with an expert toxicologist. Recruitment of individuals interested in serving as poster tour
guides begins in early December. Graduate student and postdoctoral scholar sign-up will open in early 2020. Details for each group will
be distributed to the participants before the SOT Annual Meeting.

Postdoctoral Assembly Luncheon

Tuesday, March 17, 12:00 Noon to 1:00 PM
(Ticket Required)

Chair(s): Melanie Abongwa, Biogen.
Hosted by: Postdoctoral Assembly (PDA)
The Postdoctoral Assembly (PDA) Luncheon is a casual event that
encourages engagement and networking among postdoctoral scholars.
Finishing up a discussion from a Poster Session? Leaving early to attend
another meeting? That’s no problem; stop in when you can! Enjoy a buffet
lunch while networking with others, including PDA officers, Postdoctoral
Representatives, and SOT Council members. This is the time for postdocs
to relax, celebrate achievements, and have fun. At 12:30 pm, there will be
a short program, which will include recognizing the Best Postdoctoral
Publication Award recipients and welcoming the 2020–2021 PDA officers.
Door prizes add even more fun to this lively event. Postdocs should reserve
a ticket for $10 when registering for the Annual Meeting.
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Career Exploration through Speed
Informational Interviews

Tuesday, March 17, 1:30 PM to 2:50 PM
(Ticket Required; Limited Seating)

Hosted by: Postdoctoral Assembly (PDA)
Do you find yourself wondering what your career options are in the
field of toxicology? If so, this is the event for you! This career development special event is designed for graduate students and postdocs
who want to gain insight into the different career sectors in toxicology.
Groups of trainees will rotate through a series of approximately
eight-minute discussions with career representatives from academia,
government, and industry. Trainees can ask the career representatives questions about their background, their career path, the hiring
process in their company/sector, and other aspects of identifying and
pursuing career interests. This session will provide an informal opportunity to gain insight into different employment sectors in toxicology
through candid discussions in a casual setting. Graduate students
and postdocs are encouraged to register early, as registration will be
limited to maximize the opportunity for small-group discussion with
career representatives.

Trainee Discussion with Medical Research Council (MRC) Lecturer
Dame Amanda Fisher
Wednesday, March 18, 2:00 PM to 3:00 PM
(Ticket Required; Limited Seating)

Lecturer: Dame Amanda Fisher, MRC London Institute of Medical Sciences, London, United Kingdom.
Dame Amanda Fisher will meet informally for discussion with graduate students and postdoctoral scholars after her Keynote MRC
Lecture. Registration is limited to SOT Student and Postdoctoral members.

Undergraduate Student Meeting
Date and Time to Be Announced

Chair(s): Christine Perdan Curran, Northern Kentucky University; David O. Freier, University of Lynchburg; and
Rachel M. Speer, University of Louisville.
Hosted by: Faculty United for Toxicology Undergraduate Recruitment and Education (FUTURE) Committee
An informal session for all undergraduate students attending the SOT Annual Meeting will be hosted by the Faculty United for Toxicology
Undergraduate Recruitment and Education (FUTURE) Committee. SOT undergraduate travel awardees will participate in this event. Peer
into your toxicology future by connecting with your peers and graduate students with common interests in the science of safety and in
career opportunities in the field. This session will include opportunities for networking with toxicology professionals and career development along with free lunch for all participants.
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Undergraduates at the SOT Annual Meeting
Free registration available for all undergraduate students.
All undergraduates are invited to participate in the Sunday
Undergraduate Education Program. This day long introduction to
toxicology provides students with insights into both the science
and career opportunities. Plus, learn tips for submitting a successful
graduate program application and about available graduate
toxicology programs.

SOT Engages Undergraduates in Toxicology
SOT Undergraduate Student Affiliate status,
providing access to toxicology news and
resources
Abstract and other award opportunities
through SOT and its Regional Chapters, Special
Interest Groups, and Specialty Sections
Internships and research experiences in SOT
members’ labs
Regional Chapter meetings, including poster
presentation and award opportunities

www.toxicology.org/undergraduate
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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Continuing
Education
Courses
Continuing Education
The Continuing Education (CE) Program offers a wide range of courses that
cover established knowledge in toxicology and new developments in toxicology and related disciplines. General courses are intended to provide a
broad overview of an area or to assist individuals in learning new techniques
or approaches, while courses based on more specialized topics are intended
to be of interest to individuals with previous knowledge of the subject who
are already working in the field.

Sunday, March 15
Sunrise (SR): (7:00 AM to 7:45 AM)
AM: (8:15 AM to 12:00 Noon)
PM: (1:15 PM to 5:00 PM)

SOT CE courses can be applied toward numerous certifying and licensing
board requirements in the United States and around the world. Please be
sure to review the specific requirements of your licensing board or certification for details.

Registration for the Annual Meeting and a separate CE course ticket are required to attend a CE course.

Sunday, March 15, 7:00 AM to 7:45 AM

Continuing Education Course SR01: Advances in CRISPR-Cas9 Tools and
Applications for Toxicologists
Chair(s): Cheryl Rockwell, Michigan State University; and Elena Demireva, Michigan State University.
Primary Endorser: Continuing Education Committee
Other Endorser(s): Mechanisms Specialty Section; Molecular and Systems Biology Specialty Section
CRISPR-Cas-based technologies have revolutionized science by significantly decreasing the time, money, expertise, and labor required to
implement gene editing. Thus, this approach is becoming routine in many laboratories as a facile method to alter the genome. And yet,
CRISPR-based methodologies continue to evolve. Recent publications demonstrate that CRISPR gene editing can be expanded in new
directions to widen the utility and potential applications of this technology. The first presentation in this course will provide an overview
of the latest developments in CRISPR-Cas-based techniques, with a focus on new Cas9 variants with new and expanded capabilities. The
first presentation also will cover the new field of RNA targeting and the use of pooled CRISPR libraries with single cell transcriptomics
to characterize complex phenotypes. The second presentation will focus on the use of CRISPR-Cas9-based screens from a toxicologist’s
perspective. Specifically, this presentation will discuss how such screens can be used to gain a detailed, mechanistic understanding of a
toxicant’s effect as well as the role of specific genes. Overall, this course is designed to provide an overview of the most recent advances
in CRISPR-based technologies as well to provide some insight into future uses.
Latest Advances in CRISPR-Cas Technologies. E lena Demireva, Michigan State University, East Lansing, MI.
Use of CRISPR/Cas9-Based Genome-Wide Screens in Toxicology from a User’s Perspective. Christopher Vulpe, University of
Florida, Gainesville, FL.
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Sunday, March 15, 7:00 AM to 7:45 AM

Continuing Education Course SR02: Qualifying Biomarkers and
Navigating the US FDA Predictive Toxicology Roadmap to Improve
Decision-Making in Toxicology and Drug Safety Assessment
Chair(s): Robert Young, MilliporeSigma; and Vincent Reynolds, Eli Lilly and Company.
Primary Endorser: Regulatory and Safety Evaluation Specialty Section
Other Endorser(s): Biotechnology Specialty Section; Carcinogenesis Specialty Section
This session will provide an educational opportunity for attendees interested in learning how information from adverse outcome pathways (AOPs) can be leveraged with two recent US Food and Drug Administration (US FDA) initiatives (i.e., the Biomarker Qualification:
Evidentiary Framework and the Predictive Toxicology Roadmap) to improve decision-making for toxicology and human safety issues. The
biomarker framework is aimed at identifying and qualifying biomarkers that, within a defined context of use, can be used reliably for
specific interpretations and applications. The predictive roadmap is a call to action highlighting the need for a comprehensive strategy to
assess new methods and technologies that can improve predictive capabilities, minimize the use of animals, and guide decision-making in
regulatory reviews. Because firsthand industry knowledge with these regulatory initiatives may be limited, it is important that experience
and learnings available to date be broadly communicated. This session will open with a discussion of ongoing efforts to use AOPs as tools
to enhance our mechanistic understanding of various toxicities and to use networks of AOPs as the basis for biomarker development. An
example of the genesis and application of biomarkers will be discussed in the context of efforts to develop comprehensive predictions
of liver cancer in rodents, including their use in de-risking compounds that would cause cancer through rodent-specific mechanisms.
From this initial presentation, session attendees will gain an increased appreciation of the importance of exploiting opportunities for
mechanistic screens incorporating biomarkers to define the AOP through which a chemical may mediate effects. The session will then
ask a crucial question: After identification of a potentially useful biomarker, what are the next steps needed to ensure regulatory acceptance? To address this point, the second presentation will summarize how the Biomarker Qualification: Evidentiary Framework can be used
to define the steps needed to validate the linkage of a biomarker with a specific toxicity or mechanism and provide advice—including
a list of dos and don’ts—on how to move efficiently through the process needed to ensure regulatory acceptance of the biomarker for
its intended purpose(s). The value of this approach when interacting with regulatory agencies will be demonstrated by reviewing how
an understanding of the AOP was used to support arguments that a carcinogenic response with a mutagenic test material could be
ascribed to nongenotoxic mechanisms. Collectively, material presented in this session will instill a greater awareness of the value that can
be realized with the recent US FDA Biomarker Qualification: Evidentiary Framework and Predictive Toxicology Roadmap initiatives. Although
these initiatives were formulated by US FDA, their conceptual underpinnings are universal and applicable for focusing and guiding the
dialogue on toxicology issues and concerns with other regulatory agencies, such as the US Environmental Protection Agency. Session
attendees will recognize that energetic engagement between industry and regulatory scientists will contribute to the success of the
vision of these initiatives and improve decision-making for toxicology, safety assessment, and risk management questions that directly
affect human health.
Building Predictive Biomarkers from the Perspective of the Adverse Outcome Pathway. Chris Corton, US EPA/CCTE,
Research Triangle Park, NC.
A Roadmap to Innovation in Drug Development—Stories about the US FDA New Biomarker Qualification Program. 
Jiri Aubrecht, Takeda Pharmaceutical Company Limited, Cambridge, MA.
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Sunday, March 15, 8:15 AM to 12:00 Noon

Continuing Education Course AM03: Developing Therapeutics for Ocular
Indications: A 20/20 View
Chair(s): Kathleen Krenzer, Iuvo BioScience; and Hiromi Hosako, Alcon.
Primary Endorser: Ocular Toxicology Specialty Section
Other Endorser(s): Biotechnology Specialty Section; Comparative Toxicology, Pathology, and Veterinary
Specialty Section
No longer are eye drops the only way to treat the eye; the emergence of novel therapeutic and development approaches for ocular indications has impacted how we design toxicology assessments, select species, and perform toxicity evaluations. Additionally, the structural
complexity of the eye as well as the unique aspects of ocular dose-administration routes require continued refinements of ocular evaluation techniques and assessment strategies. The goal of this course is to provide toxicologists with a broad overview of highly specialized
ocular anatomy, current ophthalmic diagnostic techniques, evolving histopathological assessment strategies, and thought-provoking
ocular drug development strategies, including case studies. The first speaker will open the session with an detailed overview of ocular
anatomy complexity, focusing on unique features of the eye and critical anatomical and physiological features that may influence
or impede a drug’s efficacy and safety in human patients. The speaker also will discuss novel routes of drug administration in ocular
drug development. The second presentation will tune in to gold-standard, in-life ophthalmic diagnostic techniques with selected case
examples showing how modern ocular diagnostic equipment can be used to prove multifactorial questions. This presentation also will
touch upon recent efforts at harmonization of ocular finding nomenclature and clinical record-keeping lexicon in preparation for SEND
(Standard for Exchange of Nonclinical Data) requirements dictating reporting of ocular toxicology studies. The third talk will focus on
evolving strategies for histopathological assessment of ocular tissues, which will include key points to consider when processing the eye
to ensure a thorough examination of key structures of the globe as well as the effect of factors such as the route of administration and
the formulation or character of the therapeutic candidate on effective examination of the eye. The last presentation will highlight unique
nonclinical safety challenges and considerations during ocular drug development using case studies to push our assumptions of what is
the best way to evaluate the safety of ophthalmic therapeutics.
Do Animals See 20/20? The Spectrum of Ocular Anatomy and Physiology in Animals. S eth Eaton, University of Wisconsin–
Madison, Madison, WI. 
Getting the 20/20 Read: Clinical Evaluation Techniques for Ophthalmic Toxicology. J oshua Bartoe, Charles River,
Mattawan, MI.
 elen Booler, Genentech
20/20 under the Scope: Evolving Strategies for Histopathological Assessment of Ocular Tissues. H
Inc., South San Francisco, CA.
Using 20/20 Hindsight to Set the Course for Considerations in the Preclinical Development of Ocular Therapeutics in the
Future. B renda Smith, Allergan, Irvine, CA.
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Sunday, March 15, 8:15 AM to 12:00 Noon

Continuing Education Course AM04: Introduction to Open-Access
Computational Toxicology Tools
Chair(s): Agnes Karmaus, Integrated Laboratory Systems Inc.; and Nicole Kleinstreuer, NIEHS/NICEATM.
Primary Endorser: In Vitro and Alternative Methods Specialty Section
Other Endorser(s): Mechanisms Specialty Section; Regulatory and Safety Evaluation Specialty Section
Computational toxicology is rapidly accelerating our ability to develop methods for predicting chemical properties and chemical-mediated effects, both in the environmental chemical space and in the area of drug development. With frequently updated tools and
approaches, overwhelming feedback suggests that more training is needed to help all toxicologists understand the fundamental
approaches, use available tools and databases, and interpret outputs. This CE course is designed to offer an introductory-level foundation for leveraging some widely accepted approaches and demonstrate how to use open-source tools and resources to make use of
these methods. Course participants across all sectors, ranging from students to career toxicologists, should walk away with the confidence to use the resources presented for computationally characterizing and predicting chemical-elicited toxicity. In addition to gaining
familiarity with basic computational toxicology concepts, participants will gain insight into what makes an approach useful for research
projects versus which are ready for potential regulatory applications. The first speaker will help lay a foundation for how chemicals are
“interpreted” computationally, explaining how chemical structures are leveraged for subsequent analyses (i.e., fingerprinting and its use
for read-across). Building on these concepts, the second speaker will provide a thorough example of how to use the US Environmental
Protection Agency (US EPA) CompTox Chemicals Dashboard, which provides data for nearly 900,000 chemicals and drugs. Attendees will
learn how to assess the confidence in available data, as well as learn how to use the tools available in the dashboard for predicting chemical toxicity and download pertinent data, including mechanistic information, exposure data, animal toxicity doses, and much more. The
third presentation will provide a demonstration to empower course attendees in using the Integrated Chemical Environment (ICE), an
interactive tool that contains in vitro to in vivo extrapolation workflows that users can leverage to conduct analyses themselves, as well
as provides curated in vivo and in vitro datasets that can be used to evaluate predicted toxicology outcomes. The fourth presentation will
steer the course further into the realm of biological interpretation, describing how toxicogenomics data and literature mining underlying
the Comparative Toxicogenomics Database (CTD) can be utilized to computationally characterize chemical mode of action and provide
insight into toxicity mechanisms. The last speaker will introduce Sysrev, a collaborative computational systematic review tool to extract
pertinent data from literature, incorporating approaches such as machine learning and metadata tagging. Overall, course attendees will
gain a fundamental understanding of approaches underlying the most widely used computational toxicology methods, as well as learn
to use publicly available, open-source tools that apply these methods.
Course Introduction: What Do Computational Toxicology Tools Offer? Nicole Kleinstreuer, NIEHS/NICEATM, Durham, NC.
Cheminformatics 101: Fingerprinting and Read-Across. Mark Cronin, Liverpool John Moores University, Liverpool,
United Kingdom.
The US EPA CompTox Chemicals Dashboard. A
 ntony Williams, US EPA/CCTE, Research Triangle Park, NC.
Integrated Chemical Environment (ICE). Shannon Bell, Integrated Laboratory Systems Inc., Durham, NC.
Comparative Toxicogenomics Database (CTD). Carolyn Mattingly, North Carolina State University, Raleigh, NC.
Sysrev: Collaborative Literature Extraction. Tom Luechtefeld, Insilica, Baltimore, MD.
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Sunday, March 15, 8:15 AM to 12:00 Noon

Continuing Education Course AM05: Lung Function: It’s Not Just Breathing
Chair(s): Andrew Gow, Rutgers, The State University of New Jersey; and Angie Groves, University of Rochester
Medical Center.
Primary Endorser: Inhalation and Respiratory Toxicology Specialty Section
Other Endorser(s): Comparative Toxicology, Pathology, and Veterinary Specialty Section; Computational Toxicology
Specialty Section
There are a variety of techniques available for assessment of the effect of toxicants upon the lung. One of the most powerful techniques
available is the measurement of lung function. There have been a number of both conceptual and technical advances made in recent
years in the assessment of lung function, particularly with respect to airway dynamics. However, for many toxicologists, lung function
assessment is unclear and the possibilities for its use remain underutilized. The purpose of this clinical education course is to examine
the fundamentals that underlie lung function testing and consider in what ways they can be measured and how these data can be
related to toxicological outcomes. The first presentation will introduce the concept of lung function and how it has developed with
newer technologies, in particular relating structure with function and how modeling can play a part in assessing this relationship. The
second presentation will present an overview of lung mechanics. The physiological elements that make up the measurable units of
lung function and how pressure and flow data can be used to generate models of lung function to assess toxicological outcomes will
be discussed. The third presenter will describe the challenges of measuring lung function and the various approaches that are available
to the investigator. The presentation will concentrate on parameters that can be extracted from different measurement techniques and
how they can be utilized to gain information about the physiological elements of the lung. This information will be of critical importance
to the practicing toxicologist. The fourth presenter will present on feed forward modeling of lung function and how both pathological
and physiological data can be combined. He will focus on how animal scale function data can be used to understand the consequences
of toxicant exposure to humans. The final presenter will provide a detailed example of how imaging data can be used to predict lung
function. The focus of the presentation will be the longitudinal analysis of whole animal in vivo imaging data following toxicant exposure
and its relationship to outcome. This technique provides a novel paradigm for assessing the continuous effect of toxicological exposure
in the lung. Overall, these presentations will provide the audience with a practical understanding of lung functional data within the
context of disease models as well as an understanding of how it can be used to further their own research.
Horses for Courses: Choosing the Right Model for Your Toxicant. Angela Groves, University of Rochester Medical Center,
Rochester, NY.
Lung Mechanics: Linking Structure to Function. Jason Bates, University of Vermont, Burlington, VT.
Measuring Lung Function at the Preclinical Level. Annette Robichaud, SCIREQ Scientific Respiratory Equipment Inc., Montreal,
QC, Canada.
Function-Based Experimental Design: From Hypothesis to Measurement Protocol. Christopher Massa, Columbia University,
New York, NY.
Combination of Functional Testing with Lung Imaging to Generate Continuous Response Models. Alexa Murray, Rutgers,
The State University of New Jersey, Piscataway, NJ.
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Sunday, March 15, 8:15 AM to 12:00 Noon

Continuing Education Course AM06: Modern Modeling Strategies to
Address Uncertainty and Variability in Dose-Response Assessment
Chair(s): Kan Shao, Indiana University; and Weihsueh A. Chiu, Texas A&M University.
Primary Endorser: Risk Assessment Specialty Section
Other Endorser(s): Biological Modeling Specialty Section; Regulatory and Safety Evaluation Specialty Section
Quantifying dose-response relationships to evaluate the toxicity of environmental chemicals is a key step in human health risk assessment and has evolved substantially in recent years. In addtion to fundamentally developing a dose-response curve and estimating a
dose level that results in a predetermined critical effect, recent advances in toxicology and modeling stategies enable dose-response
assessment to more comprehensively and quantitatively address uncertainty and human variability. The purpose of this course, to be
delivered by a mixed group of experts from academia, government, and industry, is to provide participants an overview of the cuttingedge modeling strategies employed in dose-response assessment to quantify uncertainty and variability. The first presentation will
introduce the benchmark dose (BMD) methodology and its utilities to quantify various sources of uncertainty in dose-response modeling
with a demonstration of the Bayesian BMD modeling system. The second speaker will present an overview of the principles and recent
applications of probabilistic dose-response assessment approaches developed under the WHO/IPCS guidance to address uncertainty
and variability in quantitative risk assessment. The third presentation will provide an overview together with case examples of Diversity
Outbred (DO) mouse population-based in vitro systems to demonstrate a data-driven probabilistic approach to derive a chemical-specific
uncertainty factor for inter-individual variability. The last speaker will introduce how to predict population distributions of toxicokinetic-relevant physiological quantities that NHANES does not measure based on the measured counterparts using the HTTK-Pop R package
that incorporates population variability in high-throughput toxicokinetic modeling. Throughout the course, use of and applications to
in vitro and high-throughput testing systems will be highlighted, including their relevance to in vitro to in vivo extrapolation (IVIVE).
Benchmark Dose Modeling Strategies for Uncertainty Quantifications in Dose-Response Assessment. Kan Shao, Indiana
University, Bloomington, IN.
Probablistic Dose-Response Assessment to Quantatively Address Uncertainty and Variability. W
 eihsueh Chiu, Texas A&M
University, College Station, TX.
Modeling Dose-Response across Populations: Quantification of Inter-individual Variability. Alison Harrill, NIEHS, Research
Triangle Park, NC.
Simulation of Population Variability in High-Throughput Toxicokinetic Modeling in Support of Dose-Response
Assessment. Caroline Ring, ToxStrategies Inc., Austin, TX.
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Sunday, March 15, 8:15 AM to 12:00 Noon

Continuing Education Course AM07: The Basics of In Vitro Xenobiotic
Metabolism and Drug-Drug Interaction Investigations: Applicability to
All Xenobiotics
Chair(s): Andrew Parkinson, XPD Consulting; and Brian Ogilvie, Sekisui XenoTech LLC.
Primary Endorser: In Vitro and Alternative Methods Specialty Section
Other Endorser(s): Drug Discovery Toxicology Specialty Section; Exposure Specialty Section
In the current landscape of drug development and investigation of environmental chemicals, many personnel with toxicology backgrounds find themselves overseeing not only preclinical safety assessments but also in vitro xenobiotic metabolism and interaction
studies. Therefore, the goal of this course is to provide attendees with practical perspectives from experts in the field on the approaches
and techniques that are available to address the important aspects of xenobiotic metabolism. The first presentation will focus on the
experimental design and interpretation of data obtained from studies of in vitro inhibition of cytochrome P450 (CYP) and other xenobiotic-metabolizing enzymes. In contrast, the second presentation will focus on the experimental design and interpretation of data
obtained from studies of in vitro induction of CYP and other xenobiotic-metabolizing enzymes. The third talk will broaden considerations
of xenobiotic metabolism, including assessment of the toxicological burden of reactive metabolites, and the experimental design and
interpretation of data obtained from studies of in vitro reaction phenotyping techniques in human liver microsomes and other test
systems derived from humans or toxicologically relevant species. The fourth presentation will discuss in vitro approaches for determining
the potential for xenobiotics to be substrates or inhibitors of major transporters that are of regulatory interest and interpretation of the
data obtained from these studies. The final presentation will discuss the practical implications of the in vitro approaches discussed and
the current regulatory thinking on their applicability to all xenobiotics to which humans are exposed. The overarching objective of this
course is to provide attendees with a solid foundation in commonly used methods to enable the design, execution, and interpretation
of rigorous and reproducible in vitro xenobiotic metabolism and interaction studies that will withstand regulatory scrutiny and avoid
common pitfalls. This course will benefit those whose toxicological interests are expanding to include in vitro xenobiotic metabolism, as
well as professionals responsible for appraising or evaluating in vitro xenobiotic metabolism, interaction studies, and other ADME data
for internal decision-making, risk assessment, or submission to various regulatory agencies.
Introductory Remarks on Xenobiotic Metabolism and Course Overview. Andrew Parkinson, XPD Consulting, Shawnee, KS.
The Basics of In Vitro CYP Inhibition Studies for Regulatory Submission and Risk Assessment. B rian Ogilvie, Sekisui
XenoTech LLC, Kansas City, KS.
The Basics of In Vitro CYP Induction Studies for Regulatory Submission. Diane Ramsden, Alnylam Pharmaceuticals Inc.,
Cambridge, MA.
In Vitro Reaction Phenotyping and the Toxicological Burden of Reactive Metabolites. Jed Lampe, University of Colorado
Skaggs School of Pharmacy and Pharmaceutical Sciences, Aurora, CO.
Xenobiotic Transporter Studies for Regulatory Submission. C aroline Lee, Arena Pharmaceuticals Inc., San Francisco, CA.
The Science of Drug Interactions Is Applicable to All Xenobiotics. A
 ndrew Parkinson, XPD Consulting, Shawnee, KS.
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Sunday, March 15, 8:15 AM to 12:00 Noon

Continuing Education Course AM08: Timing Is Everything: Developmental
Exposure Alters the Path of Immune Cell Maturation and Function
Chair(s): Alessandro Venosa, University of Utah; and Jamie DeWitt, East Carolina University.
Primary Endorser: Immunotoxicology Specialty Section
There is compelling evidence that exposure to exogenous agents at different stages of development contributes to disease later in life
(and across generations), with animal models supporting this concept in reproductive, metabolic, and neurodegenerative diseases. Two
major notions link prenatal and early-life exposure to increased risk of disease later in life—namely, the Barker hypothesis and the hygiene
hypothesis—while epigenetic reprogramming may extend this susceptibility across future generations. The immune system represents
a unique niche of cells tightly entangled with the parenchyma in every tissue, acting as pro-homeostatic sentinels equipped to mount
the appropriate response upon exogenous aggression. While the linkage between developmental immunotoxicity (DIT) and susceptibility to later-life diseases is an accepted paradigm, the mechanisms by which exogenous agents impact the developing immune system
and change disease susceptibility are not well established. Clinical evidence suggests that the underlying effects of these agents may
be masked until triggered by a later-life event (i.e., infectious exposure or aging itself), at which point the immune response may enact
a super-responsive state, favoring disease pathogenesis. Recent evidence highlights myriad variables to take into account to accurately
study DIT, including the importance of evaluating the appropriate window of vulnerability; establishing whether the toxicant exerts
direct and long-lasting effects on the immunological machinery or reprograms the behavior of bystander parenchymal cells; outlining
which pathway each environmental agent will be affecting; and, more recently, determining sex-based outcomes to exposure. With
basic and translational researchers facing the challenge of elucidating the molecular mechanisms mediating DIT, it is pivotal that regulatory agencies and industry work in unison toward implementing safety protocols that address these factors. Therefore, this Continuing
Education course proposes to (1) inform the attendees on the current advances in the design and execution of DIT studies geared at
developing preclinical tools to predict risk of adult-life disease; (2) provide the most recent evidence, spanning multiple phylogenetic
species (nonhuman primates, rodents, and fish), of DIT across a wide array of exogenous agents; and (3) provide insights on the impact
that studying DIT could provide at the regulatory level.
Introduction to the Course and Overview of Developmental Immunotoxicity. Alessandro Venosa, University of Utah,
Salt Lake City, UT.
Development of the Immune System across Phylogenetic Classes. M
 ark Collinge, Pfizer Inc., Groton, CT.
Early-Life Exposure and Later-Life Disease. J amie DeWitt, East Carolina University, Greenville, NC.
Design and Implementation of Studies to Detect Developmental Immunotoxicity in Young and Adult Organisms. 
Victor Johnson, Burleson Research Technologies Inc., Research Triangle Park, NC.
Zebrafish as a Model for Developmental Immunotoxicity. Jessica Plavicki, Brown University, Providence, RI.
Regulatory Impacts of Developmental Immunotoxicity. E llen Hessel, Rijksinstituut voor Volksgezondheid en Milieu (RIVM),
Bilthoven, Netherlands.
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Sunday, March 15, 1:15 PM to 5:00 PM

Continuing Education Course PM09: AAV Vectors on the Move: Safety
Assessment and Advancing Sciences in Gene Therapy Second-Generation
Products
Chair(s): Sven Korte, Covance Preclinical Services GmbH, Germany; and Annette Koerner, F. Hoffmann-La Roche Ltd,
Switzerland.
Primary Endorser: Regulatory and Safety Evaluation Specialty Section
Other Endorser(s): Biotechnology Specialty Section
The field of gene therapy has matured in recent years to bring forward a potential treatment or cure for life-threatening monogenetic
diseases. The first successful treatments are already available to patients in various indications, and even more are undergoing active
preclinical and clinical development. This CE course aims to summarize the great achievements already established for this promising
therapeutic modality, will provide insights into the specific considerations for meaningful preclinical safety assessments, and will introduce the regulatory framework, as well as looking into advancements in the field opening up new opportunities and challenges. This CE
course will start with a review of the history of adeno-associated virus (AAV) vector development and give a current status of its clinical
use and challenges. A number of unique considerations need to be addressed when designing a nonclinical safety assessment program
for AAV gene therapies (GTs), including the off-target tissue distribution and transgene expression, persistence, and immunogenicity.
Additionally, although AAVs are generally considered nonintegrating, the potential implication, if any, of a low frequency of integration
is not yet well understood. Attendees will hear an overview of preclinical safety assessment strategies for AAV gene-based therapies,
including dose extrapolation for first-in-human starting dose, and learn about AAV screening approaches in nonhuman primates (NHPs)
and case studies of regulatory-accepted toxicity studies via the oral, IV, and subretinal routes. In addition, a case study of the biodistribution and toxicity profile of an occular AAV gene therapy administered by intravitreal injections (IVT) will be shared. The course will expand
into questions on impurity profiling of the drug product and conclude with an overview of the regulatory guidelines for GTs and the
sharing of regulatory experience in the field. Take advantage of the renowned group of speakers coming together in this course to share
their experience in and deep insight of the field of gene therapy with safety specialists from academia and the pharmaceutical industry,
as well as regulatory risk assessment experts. This course offers a rare chance to receive guidance in this emerging and promising scientific area and learn about and discuss its particular challenges.
Introduction to AAV Gene-Based Therapies: It’s All about the Dose. Joy Cavagnaro, Access BIO, L.C., Boyce, VA.
Nonclinical Safety Assessment Considerations for AAV-Based Gene Therapies. Kelly Flagella, Ultragenyx Pharmaceutical,
Novato, CA.
Specialized Subretinal or MRI-Guided Brain Delivery in Cynomolgus Monkeys. S ven Korte, Covance Preclinical Services
GmbH, Münster, Germany.
Intravitreal Delivery of AAV2-Based Vectors—Improved Transduction in Nonclinical Biodistribution and Toxicity Studies. 
Lutz Mueller, F. Hoffmann-La Roche Ltd, Basel, Switzerland.
Preclinical Development of AAV-Based Gene Therapy Products: US FDA/CBER Considerations. G
 aya Hettiarachchi, US FDA/
CBER, Silver Spring, MD.
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Sunday, March 15, 1:15 PM to 5:00 PM

Continuing Education Course PM10: An Introduction to New Approach
Methodologies (NAMs) and Understanding Their Potential to Support
Regulatory Decisions
Chair(s): Mansi Krishan, Danone North America; and Suzanne Fitzpatrick, US FDA/CFSAN.
Primary Endorser: Risk Assessment Specialty Section
Other Endorser(s): Drug Discovery Toxicology Specialty Section
Recent shifts in the global regulatory landscape to consider the use of nonanimal testing methods have led to significant advances in
the development of alternative test methods to replace, reduce, and refine animal use. The term new approach methodologies (NAMs)
broadly describes any nonanimal technology, methodology, approach, or combination that can be used to provide information on
chemical hazard and risk assessment. With new opportunities comes new challenges, such as validation of test results, understanding
their applicability in different sectors and risk assessments, and global regulatory acceptance of these methods. Despite these challenges, the development, use, and acceptance of these predictive toxicology methods is on the rise. There is a wealth of knowledge
and data that is being generated with NAMs; however, there are questions on when, how, and where can we use these NAMs. This CE
course will provide an overview of NAMs along with case studies where they are being used or could potentially be used for regulatory
risk assessment. The speakers will present on (1) chemical-biological data and analysis tools (Tox21/ToxCast) and examples where highthroughput screening (HTS) methods have been approved for use in regulatory decision-making; (2) read-across approaches and their
use in regulatory risk assessment; (3) use of evidence maps and systematic reviews and case studies with a focus on application of each
to regulatory risk assessment; (4) use of the adverse outcome pathway (AOP) including most well-developed examples of AOP-supported
decision processes for evaluating skin sensitizing potential and a computational model to predict the likelihood of reproductive impairment based on aromatase inhibition; and (5) concepts underpinning Integrated Approaches to Testing and Assessment (IATA) and
concrete examples for assessing developmental neurotoxicity (DNT) and carcinogenicity of chemicals used in a variety of sectors. Also,
updates will be provided on IATA case study projects currently running at the OECD and a set of resources being developed to support
IATA development, evaluation, and regulatory uptake. This course will be useful to those interested in understanding the regulatory
application of NAMs.
Chemical Bioactivity Data and Useful Analysis Tools for You to Explore. N
 isha Sipes, NIEHS/NTP, Durham, NC.
Building Confidence in Read-Across Conclusions with NAMs. Craig Rowlands, Underwriters Laboratories R&D, Northbrook, IL.
Systematic Reviews: Application in Regulatory Risk Assessment. K ristina Thayer, US EPA, Research Triangle Park, NC.
The Adverse Outcome Pathway (AOP) and Its Use to Support Regulatory Risk Assessment. C atherine Willett, Humane
Society International, Jamaica Plain, MA.
Overview and Case Studies to Demonstrate the Use of Integrated Approaches to Testing and Assessment (IATA) in
Regulatory Risk Assessment. Maurice Whelan, European Commission Joint Research Centre, Ispra, Italy.
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Sunday, March 15, 1:15 PM to 5:00 PM

Continuing Education Course PM11: Gateway Technologies to Tomorrow’s
Metal Toxicological Research
Chair(s): Wei Zheng, Purdue University School of Health Sciences; and Edward Levin, Duke University Medical Center.
Primary Endorser: Metals Specialty Section
Other Endorser(s): Mechanisms Specialty Section; Neurotoxicology Specialty Section
Infotechnology and biotechnology represent two leading technological breakthroughs underpinning the future advances in medical
science and human health. Big data algorithms not only offer unique advantages by the machine learning for fast processing of existing
data, but more importantly, through learning, they maximize the chances of successful choices and adaptations for accurate analysis
of cumulative toxicological data, prediction of flexible outcomes, and influences in policy decisions. The CRISPR technology, on the
other hand, allows impeccable gene editing that has already transformed biology and genetics, lending itself to an effective, precise,
and cheap method for mechanistic investigations. Applying CRISPR facilitates our understanding of the events underlying xenobiotics’
cellular and molecular interactions. However, application of both artificial intelligence (AI) and CRISPR in metal toxicological studies
remains in its infancy. For metal quantitation, recent advances in specific fluorescent metal-binding ligands render it feasible to trace the
subcellular trafficking of interested metals through live-time cell imaging. Moreover, a variety of animal models for metal toxicity evaluations have been developed in the past several decades, ranging from Drosophila, C. elegans, and zebrafish to rodents and nonhuman
primates. How to choose the right species and animal model(s) for a particular study of metal toxicity represents a new challenge. This
advanced course is designed to introduce the audience with novel concepts and technologies in metal toxicological research. The first
presentation will briefly review the history of metal toxicology within the context of technology advancement, followed by identifing
gaps in the field and illustrating the impact of emerging technologies on the future direction of metal research. The second presentation
will focus on the assessment of metals in cellular models and tissues; the speaker will showcase how fluorescent reporters, advanced
imaging and spectroscopy, and genetic- and protein-based biomarkers can be used to monitor tissue and cellular distribution of metals.
The third presentation will go further toward the precise mechanistic study of metal toxicities; the speaker will provide the overview of
CRISPR technology and will cover procedures for investigations of metal-induced neurotoxicities. The fourth presentation will focus on
the framework for choosing the most informative animal model to study modes of chemical toxicities, neurotoxic risks, and therapeutic
treatment. Finally, the last presentation will introduce the concept and general practice of AI in health research, followed by integrative
examples of how to use AI to interpret chemical toxicities as well as the policy regulation. Speakers will discuss these concepts and technologies with details specific to metals having particular human, environmental, and occupational health relevance, such as lead (Pb),
manganese (Mn), cadmium (Cd), arsenic (As), silver (Ag), and mercury (Hg). The course will benefit those who desire a learning of advanced
technologies for mechanistic interpretation and machine-assisted prediction of metal or chemical toxicities, and technical approaches
in utilizing widely available CRISPR and cellular imaging technologies that can be used to support research in metal toxicology. As the
course introduces concepts and techniques that are equally applicable to other fields, such as neurotoxicology, nanotoxicology, carcinogenesis, risk assessment, and occupational health, researchers engaged in these wider aspects of the toxicological sciences will benefit
by attending this course and acquiring the knowledge beyond metals.
Advances, Gaps, and Emerging Technologies in Metal Toxicological Research: An Introduction. Wei Zheng, Purdue
University School of Health Sciences, West Lafayette, IN.
Reporters of Cellular and Tissue Metal Levels and Toxicity. A
 aron Bowman, Purdue University School of Health Sciences, West
Lafayette, IN.
Using CRISPR Technology to Study Metal Neurotoxicity: Lessons from Cell and Rodent Models. Somshuvra Mukhopadhyay,
University of Texas at Austin, Austin, TX.
Spectrum of Animal Models for Risk Screening, Mechanism Determination, and Therapeutics Development for MetalInduced Neurotoxicity. E dward Levin, Duke University Medical Center, Durham, NC.
The Role of Artificial Intelligence in Safety and Toxicity Assessment. W
 eida Tong, US FDA/NCTR, Jefferson, AR.
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Sunday, March 15, 1:15 PM to 5:00 PM

Continuing Education Course PM12: Harnessing the T Cell for Cancer
Immunotherapy: A Course on T Cell Redirection
Chair(s): Jessica Lynch, Janssen Research & Development; and Rafael Ponce, Shape Therapeutics.
Primary Endorser: Immunotoxicology Specialty Section
Other Endorser(s): Biotechnology Specialty Section; Regulatory and Safety Evaluation Specialty Section
Cancer immunotherapy is an area that has been of great interest in the last few years as several new therapeutic approaches have shown
encouraging results in the clinic and subsequent approvals. The normal immune system has a protective capacity against tumor cells
(immunosurveillance), while tumors can employ mechanisms that can result in an insufficient supply of activated and/or antigen-specific T cells within the microenvironment (tumor evasion). To overcome this immune-evasive mechanism, T cells can be redirected and
expanded within the tumor microenvironment. CD3 redirection, which leverages protein-based therapeutics to simultaneously bind
CD3 on T cells and a tumor associated antigen (TAA) on tumor cells, and engineered T cell–based therapeutics to redirect T cells to TAAs
are emerging as powerful ways to harness the immune system to combat malignancies. The goal of this course is to provide the investigator with an overview of T cell redirection technologies and how to design a nonclinical safety strategy to understand safety liabilities.
An overview of chimeric antigen receptor (CAR) T cells, T cell receptor (TCR) T cells, CD3 bispecifics, and immune mobilizing monoclonal
TCRs against cancer (ImmTac) modalities will be provided. In addition, successful nonclinical safety strategies to support first-in-human
clinical trials for these modalities will be shared. Overall, this course will provide a comprehensive overview of T cell redirection platforms,
study design, and the challenges associated with these modalities.
An Introduction to Cancer Immunotherapy and the T Cell Redirection Course. J essica Lynch, Janssen Research &
Development, Spring House, PA.
Generation of Synthetic Tumor Immunity through the Development of T Cell Redirecting Modalities. Rodney Prell,
Genentech Inc., South San Francisco, CA.
Engineered T Cells as Cancer Therapeutics: An Update on Their Design, Manufacture, and Clinical Experience. 
Rafael Ponce, Shape Therapeutics, Seattle, WA.
Preclinical Safety Assessment of CAR and TCR T Cell Therapies. Thomas Long, Juno Therapeutics, Seattle, WA.
Getting the Most Out of Your Nonclinical Safety Studies for Antibody-Based CD3 Redirectors to Inform Deselection or
Enable First-in-Human Clinical Trials. Jacintha Shenton, Janssen Research & Development, Spring House, PA.
Regulatory Perspective on the Preclinical Development of T Cell Immunotherapies. A
 lyssa Galaro, US FDA/CBER, Silver
Spring, MD.
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Sunday, March 15, 1:15 PM to 5:00 PM

Continuing Education Course PM13: In Vitro Approaches to Assess the
Toxicity of Inhaled Substances
Chair(s): Amy Clippinger, PETA International Science Consortium Ltd., United Kingdom; and Emily Reinke, Army Public
Health Center.
Primary Endorser: In Vitro and Alternative Methods Specialty Section
Other Endorser(s): Inhalation and Respiratory Specialty Section; Regulatory and Safety Evaluation Specialty Section
Inhalation is a major route of human exposure to airborne substances, and as such, there are regulatory and nonregulatory needs to
assess the potential toxicity of inhaled substances. While the standard regulatory requirement is a rat inhalation toxicity test, anatomical and physiological differences between rodents and humans have led to substantial investment in the optimization of alternative
approaches. These alternative approaches can be based on human mechanisms of toxicity, thus better protecting human health while
reducing animal use. In this course, speakers from government, contract research organizations, academia, and NGOs, as well as method
developers, will discuss progress and challenges associated with various approaches for inhalation toxicity testing. It will include an
introductory overview, setting the stage for the remaining talks by discussing the currently used rat inhalation tests and how an alternative approach can be demonstrated to be a valid replacement. Other topics to be covered will be the use of cell culture systems, 3D
reconstructed human tissue models, and human precision-cut lung slices, as well as the use of in vitro exposure devices for deposition
of test chemicals. The final speaker will present a regulatory perspective on processes in place that allow for acceptance of alternative
approaches for inhalation toxicity testing, highlighting a successful example. These presentations will explore the value of the air-liquid
interface (ALI) for testing, advantages and limitations of different approaches, and case studies of the use of different model systems
in both nonregulatory and regulatory paradigms. Overall, a course attendee should learn about the state-of-the-science of in vitro
approaches for respiratory toxicity testing and gain insight into determining which method is most appropriate, depending on the test
substance and purpose of the study. This course is aimed at scientists at all levels from industry, government, and academia.
Regulatory Landscape and Key Considerations for Establishing Inhalation Reference Data. D
 avid Allen, Integrated
Laboratory Systems Inc., Research Triangle Park, NC.
Current Status of In Vitro Models to Evaluate Pulmonary Toxicity. Arno Gutleb, Luxembourg Institute of Science and
Technology, Esch-sur-Alzette, Luxembourg.
3D In Vitro and Ex Vivo Pulmonary Test Systems Provide Human-Relevant Toxicity Data. H
 olger Behrsing, Institute for
In Vitro Sciences Inc., Gaithersburg, MD.
Regulatory Use of Nonanimal Approaches for Assessing Inhalation Toxicity of Pesticides. Monique Perron, US EPA/OPP,
Washington, DC.
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Sunday, March 15, 1:15 PM to 5:00 PM

Continuing Education Course PM14: The Male Reproductive Tract:
Development, Toxicology, and Pathology
Chair(s): Vicki Sutherland, NIEHS/NTP; and Nicole Principato, Bristol-Myers Squibb Company.
Primary Endorser: Reproductive and Developmental Toxicology Specialty Section
Other Endorser(s): Comparative Toxicology, Pathology, and Veterinary Specialty Section; Regulatory and Safety
Evaluation Specialty Section
The male reproductive system develops in utero—in rats during mid-gestation and in humans during the second month of pregnancy—but does not fully mature until puberty. Exposure to xenobiotics (e.g., diethylstilbestrol and phthalate exposure) during any
stage, particularly during development and maturation, can adversely affect a male’s reproductive potential and play a significant role
in development of a diseased state. Understanding what normally happens at these critical stages of development can lend clues to
determine when an exposure has happened, what tissues are affected, and if functional capabilities will be impacted. Defining potential effects is routinely performed with guideline reproductive and developmental experiments and in academia with focused studies;
however, these assessments do not always include histopathology evaluations, and if they do, the rigor needed for select tissues may
not be utilized. Inclusion of histopathology, especially during select stages, may help identify a pattern of toxicities, subtle effects of an
endocrine-disrupting chemical, or lesions that can lead to future reproductive issues (e.g., infertility). This additional data can expand our
capabilities in characterizing potential modes of action that result in functional changes. Thus, a field that did not routinely assess tissues
in more than a functional manner is now exploring the utility of pathology evaluations at stages not previously studied (e.g., juvenile
assessment of cell populations in the testes) and appreciating that these tools can assist in recognizing patterns of toxicity. Therefore,
a full toxicological and histopathology assessment of the male reproductive tract may provide additional information on functional
effects, assist in determining which part of the system was targeted and how to mitigate concerns, and, for select issues, provide an early
read on potential problems. This course will cover development and maturation of the male reproductive tract, explaining impacts on
function at different time periods (in utero, juvenile, and adult) and addressing the potential value of histopathology at both the juvenile
and the adult stages. Case studies will be used to highlight the toxicological significance of the effects of xenobiotics on male reproductive system toxicity. Understanding patterns of toxicity (e.g., effects in organ weight linked with findings in other tissues or pathology
findings observed in a young animal correlating to outcomes in an adult) and utilizing some of the newer techniques and protocols (e.g.,
fetal testis explants, biomarkers) will not only provide a better understanding of what endpoints are affected but also may provide us
with the tools to design better studies and correlate findings at earlier stages with long-term functional effects. To this end, four speakers,
each a world-recognized expert in male anatomy, development, reproduction, and/or pathology, will discuss functional assessments of
the male reproductive tract and address the utility of pathology in male reproductive and development evaluations.
An Overview of the Male Reproductive System: Applied Anatomy and Physiology from a Pathologist’s Perspective. 
Justin Vidal, Charles River, Matawan, MI.
Prenatal Development of the Male Reproductive Tract in the Rat, Dog, and Human: Critical Developmental Windows and
Later-Life Consequences of Exposure. K im Boekelheide, Brown University, Providence, RI.
Postnatal Development of the Juvenile Male Reproductive Tract in Rats: Microscopic Evaluation, Interpretation, and Time
Points of Toxicologic Significance. C atherine Picut, Charles River, Durham, NC.
Pathology in Reproductive Toxicology Assessments and the Role of Stage-Awareness for Testis Evaluation.
Cynthia Willson, Integrated Laboratory Systems Inc., Research Triangle Park, NC.
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Sessions
Featured Sessions
Monday, March 16, 11:00 AM to 12:30 PM

A Career in Advancing the Field of Toxicology:
A Tribute to Linda S. Birnbaum
Chair(s): Michael J. DeVito, NIEHS/NTP.
Speakers: Martin van den Berg, Universiteit Utrecht, Utrecht, Netherlands; Suzanne E. Fenton,
NIEHS/NTP, Research Triangle Park, NC; Rick Woychik, NIEHS/NTP, Research Triangle Park, NC; and
Laurie C. Haws, ToxStrategies Inc., Austin, TX.
Linda S. Birnbaum, PhD, DABT, ATS, has been a visionary making lasting contributions to the
science of toxicology through both her own research and her advocacy of research. She also
has promoted the application of toxicology research to solving significant public health
problems, making the relevance of our science obvious. SOT is marking the occasion of
her retirement as National Institute of Environmental Health Sciences (NIEHS) Director with
a session that pays tribute to her long career in research and public service. Dr. Birnbaum
made seminal contributions in research on the toxicity of dioxins, among the most potent
small molecule toxicants. Her research into endocrine disrupters increased our understanding of the range of outcomes that can be attributed to these agents and highlighted
the significance of early-life exposures in chronic diseases. As a leader of programs at the
US Environmental Protection Agency and NIEHS, Dr. Birnbaum set strategic directions
that increased the relevance of toxicology research in public health decision-making and
increased the stature of the field among the life sciences community. Finally, Dr. Birnbaum
has served as a mentor for numerous women in science. Each of these areas of contribution
will be discussed during the session.
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Monday, March 16, 1:00 PM to 2:00 PM

Plenary Session: Precisely Practicing Medicine from 700 Trillion Points
of Data
Lecturer: Atul Butte, University of California San Francisco, San Francisco, CA.

There is an urgent need to take what we have learned in our new data-driven era of medicine and use it to create
a new system of precision medicine, delivering the best, safest, cost-effective preventative or therapeutic intervention at the right time, for the right patients. Dr. Butte’s lab at the University of California San Francisco builds
and applies tools that convert trillions of points of molecular, clinical, and epidemiological data—measured by
researchers and clinicians over the past decade and now commonly termed “big data”—into diagnostics, therapeutics, and new insights into disease. Dr. Butte, a computer scientist and pediatrician, will highlight his center’s
recent work on integrating electronic health records data across the entire University of California and how
analytics on this “real-world data” can lead to new evidence for drug efficacy, new savings from better medication choices, and new
methods to teach intelligence—real and artificial—to more precisely practice medicine.

Monday, March 16, 4:45 PM to 6:00 PM

SOT/EUROTOX Debate: Individual Toxicity Is the Future
of Risk Assessment
Chair(s): Myrtle A. Davis, Bristol-Myers Squibb Company; and Félix D. Carvalho, Universidade do Porto, Portugal.
SOT Debater: Syril D. Pettit, HESI, Washington, DC.
EUROTOX Debater: Alan R. Boobis, Imperial College London, London, United Kingdom.

Each year, the SOT Annual Meeting includes a debate in which leading toxicologists advocate opposing sides of an
issue of significant toxicological importance. The debate continues a tradition that originated in the early 1990s.
This year, the debaters will address the proposition “individualized toxicity is the future of risk assessment.”
As toxicologists, we seek to define safe operating parameters for the use of a substance in a population. The
opportunity to use “real-world evidence” and personal data collection devices (human biomonitoring) to gather
information on toxicity from individuals and small populations allows us to envision new ways to refine these
parameters as they relate to individuals. Is the future of toxicology and risk assessment headed toward a paradigm
that must include approaches for patients/individuals at a public health–protection scale? If so, is it possible (or
even desirable) to view risk of small groups of individuals based on discrete risk factors? Can adverse outcome
assessments for groups be improved by this approach? Can recent developments in machine learning and
other computational methods be applied in toxicology as they are being applied in precision medicine? Does
surveillance of a patient’s response via personalized adverse effect monitoring provide a means to qualify the
exposure-response relationship that can be tailored to each patient? Would better profiling be helpful to avoid lethal errors? Does an
integrated exposure reduce the number of assumptions that need to be made when estimating exposure and thus help reduce the
uncertainties in exposure science? Can we address the ethical and political aspects of its application?
In addition to inclusion as a Featured Session at this meeting, this debate will again take place (with the debaters taking the reverse
positions) in Copenhagen, Denmark, during the 56th Congress of the European Societies of Toxicology (2020 EUROTOX Annual Congress),
September 6–9, 2020.
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Tuesday, March 17, 8:00 AM to 10:45 AM

Society of Toxicology and Japanese Society of Toxicology Symposium:
Oxidative Stress in Multiple Manifestations of Toxicity
Chair(s): George P. Daston, Procter & Gamble; and Akihiko Hirose, National Institute of Health Sciences

SOT and the Japanese Society of Toxicology (JSOT) are delighted to jointly sponsor a Symposium on a topic of mutual interest: oxidative stress in multiple manifestations of toxicity. Each society has selected from among its membership leaders in the field to provide
their perspectives on recent advances in this area. The 2020 Symposium will highlight advances in research on the role of oxidative
stress in adverse outcomes. Oxidative stress occurs when the products of oxidative processes exceed the cell’s capacity to handle them.
The resulting imbalance causes damage to macromolecules, leading to cellular damage and eventually to a variety of disease states.
The SOT/JSOT Symposium will explore multiple mechanisms and outcomes of oxidative stress.

Nrf2 and CSE: Two Sides of the Same Coin in Protection against Electrophilic Stress as a Category of
Oxidative Stress. Y oshito Kumagai, University of Tsukuba, Tsukuba, Japan.

Janus Face of Antioxidative Selenoprotein P: Friend or Foe? 
Yoshiro Saito, Tohoku University, Sendai, Japan.

The Wrong Place at the Wrong Time: Redox Stress in the Developing Embryo. 
Alicia R. Timme-Laragy, University of Massachusetts Amherst, Amherst, MA.

Redox Metabolomics and Network Analysis of Oxidative Stress and Toxicity. 
Dean P. Jones, Emory University School of Medicine, Atlanta, GA.
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Tuesday, March 17, 11:00 AM to 12:30 PM

Toxicological Sciences Featured Session: NextGen ToxSci: From Journal
Improvements to Community Building through Social Media
Chair(s): Jeffrey M. Peters, Pennsylvania State University.
Speakers: Jeffrey M. Peters, Pennsylvania State University, University Park, PA; Alison Harrill, NIEHS, Research Triangle
Park, NC; Dana C. Dolinoy, University of Michigan School of Public Health, Ann Arbor, MI; David Crotty, Oxford University
Press, Oxford, United Kingdom; and Laura Van Winkle, University of California Davis, Davis, CA.
The world of scientific publishing is indeed a crowded one, with much confusion generated
by the number of journals with varying levels of credibility. Publishing your work in a credible
and impactful journal is important for all scientists. Did you know that Toxicological Sciences
(ToxSci) is the official journal of the Society of Toxicology? Do you know why you should
submit your best science to ToxSci? Did you know that approximately 68% of Americans
get their news primarily from social media and that scientists are increasingly engaging
on these platforms? ToxSci is in the NextGen phase of development on many levels. This
includes changes designed to increase the rigor and reproducibility of the science, improve
author guidelines and peer review, improve outreach to all toxicologists and the community,
and implement expanded social media strategies. This session will introduce and describe
the journal’s vision, goals, and procedural changes and highlight the ongoing use of social
media to help promote ToxSci content. The digital revolution provides alternative routes to
disseminating scientific discoveries and staying up-to-date with recent literature. Platforms
such as Twitter are increasingly becoming the place to connect scientists with each other—
including a diverse public audience—and with the journalists that report our discoveries.
Now, more than ever, it is important to have a social media presence and understand how
to interact with these online communities effectively. As part of our community-building
efforts, leaders of ToxSci invite you to explore these new initiatives with us and engage with
the journal directly using our Twitter (@ToxSci) and Instagram (@ToxicolSciences) accounts.
We aim to familiarize all SOT members with the importance of ToxSci as the official journal
of SOT and illustrate how social media is being used to promote the journal, journal content,
and SOT members who also are ToxSci authors. ToxSci: Your science. Your journal.

Merit Award Lecture

Monday, March 16, 3:00 PM to 4:00 PM

Distinguished Toxicology Scholar
Award Lecture
Tuesday, March 17, 11:00 AM to 12:00 Noon

Leading Edge in Basic Science
Award Lecture

Wednesday, March 18, 1:30 PM to 2:30 PM
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Wednesday, March 18, 11:00 AM to 12:00 Noon

EUROTOX Bo Holmstedt Memorial Award Lecture: Understanding Three
Fundamental Quantitative Principles Is a Prerequisite for Improving
Toxicological Science and Risk Assessment
Lecturer: Wout Slob, Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven, Netherlands.

Wout Slob, PhD, studied biology at Vrije Universiteit Amsterdam, with theoretical biology as his main subject. He
obtained his PhD in 1987 with work on applying statistics in biological research, including log transformation and
power analysis. Dr. Slob worked at RIVM from 1986 to 1995 as a consulting statistician. During that period, he
gradually became more interested in toxicology and risk assessment. From 1996, he specialized in methods for risk
assessment of substances, including dose-response modeling, exposure modeling, probabilistic risk analysis, and
toxicokinetic modeling. As an expert in these quantitative methods, he played an important role in many international committees. Dr. Slob developed a software program for analyzing dose-response data (PROAST). This is
used a lot, nationally and internationally, in the context of risk assessment as well as in the context of scientific research in general. From
2000 to 2010, Dr. Slob also was appointed as a professor for quantitative risk assessment at the Institute of Risk Assessment Sciences (IRAS)
of Universiteit Utrecht.

Wednesday, March 18, 12:30 PM to 1:30 PM

Plenary Keynote Medical Research Council (MRC) Lecture:
Epigenetics and Inheritance
Lecturer: Dame Amanda Fisher, MRC London Institute of Medical Sciences, London, United Kingdom.

Professor Dame Amanda Fisher has contributed to many areas of biology, including the molecular discovery of HIV
and the impact of chromatin and nuclear location for gene expression. In addition to her research activity, she
guides the strategy of the MRC London Institute of Medical Sciences at Imperial College London (ICL). As a postdoctoral scientist, Dame Amanda produced the first biologically active molecular clones of HIV that enabled
studies of the function of the genes of the virus. She later became interested in epigenetics and nuclear reprogramming, particularly in lymphocytes and embryonic stem cells. Currently, her research explores how gene
expression patterns are inherited as cells divide and how gene expression is changed during mammalian development. As head of the Institute of Clinical Sciences at ICL, Dame Amanda leads efforts to better link science and medicine so that a greater
understanding of human disease can be translated into improved diagnoses and treatments.
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Scientific Sessions

General Scientific Sessions (Listed by date, then time, then session type)
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Innovations in Toxicological
Sciences

All Scientific Sessions are held in the Anaheim Convention Center.

Program Schedule Reference
The Program Schedule layout is ordered by date and start time. Each Scientific Session listing includes a session abstract and list of
speakers/featured presenters.

» Session Type and Title: Session type and title display in large white type within the aqua-colored “wave.”
» Primary Endorser: This notation identifies the SOT Committee, Regional Chapter, Special Interest Group, or Specialty Section that
developed and/or recommended the session.

» Other Endorser(s): This notation identifies other SOT groups that endorsed the session.
More details and the most up-to-date information related to the 2020 Annual Meeting Program Schedule are available in the Online Planner
on the SOT Annual Meeting website.

Monday, March 16, 8:00 AM to 10:45 AM

Symposium Session: Can We Predict and Manage Immune-Related
Adverse Events Associated with Cancer Immunotherapy?
Chair(s): Yasuo Yoshioka, Osaka University, Japan; and Peyton Myers, US FDA.
Primary Endorser: Immunotoxicology Specialty Section
Cancer is a major disease burden worldwide, with considerable impact on society. For several years, there has been intense excitement
concerning immunotherapy against cancer. Immunotherapy takes many forms in cancer treatment, including the adoptive transfer of
ex vivo activated T cells (T cell adoptive immunotherapy) and administration of antibodies that block the so-called immune checkpoint
pathways. The recent success of immune checkpoint inhibitors, such as monoclonal antibody blocking of cytotoxic T lymphocyte-associated protein 4 (CTLA-4) and programmed cell death protein 1 (PD1) or its ligand, programmed cell death ligand 1 (PD-L1), has boosted
the development of cancer immunotherapy. The Nobel Prize in Medicine 2018 was awarded to Dr. James P. Allison and Dr. Tasuku Honjo
for their work on immune checkpoint inhibitors as a new cancer therapy. Although remarkable clinical responses have been observed
in cancer immunotherapy, these therapies often have inflammatory side effects leading to immune-related adverse events (irAEs).
Immune-related adverse events have occurred with a high frequency in many cases. Although any organ system can be affected, irAEs
most commonly involve the gastrointestinal tract, endocrine glands, skin, and liver. The wide range of irAEs associated with cancer
immunotherapy can complicate this effective therapy and limit its use in patients with cancer. While the adverse events were controllable
in some cases, severely deleterious outcomes (including death) have been reported. The mechanism of toxicity may vary according to
the immunotherapy, although the precise pathophysiology underlying irAEs is unknown. Understanding the mechanisms of irAEs is
needed to predict and manage these toxicities, which would include identification and validation of reliable surrogate biomarkers. The
Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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goal of this Symposium is to present experts who will speak on key topics related to irAEs associated with cancer immunotherapy. The
specific topics that will be covered include (1) mode of action of checkpoint inhibitors, immunologic biomarkers, and clinical responses;
(2) the potential of autoantibodies as biomarkers for predicting risk to develop autoimmune diseases following treatment with immune
checkpoint inhibitors; (3) management of irAEs induced by T cell adoptive immunotherapy; and (4) clinical success of immune checkpoint inhibitors that received market authorization—and current challenges to maximize the efficacy of immune checkpoint blockade
and combination therapies. This Symposium containing cutting-edge information will be of interest to many SOT members, including
those from the Immunotoxicology, Regulatory and Safety Evaluation, and Clinical and Translational Toxicology Specialty Sections, as
well as to other participants from academia, industry, and government regulatory/safety agencies. This Symposium represents another
in the continuing annual collaborative sessions co-chaired/organized by the Japanese Society of Immunotoxicology (JSIT) and the SOT
Immunotoxicology Specialty Section.
Introduction. Yasuo Yoshioka, University of Osaka, Osaka, Japan.
Mode of Action of Checkpoint Inhibitors, Immunologic Biomarkers, and Clinical Responses. Helen Haggerty, Bristol-Myers
Squibb Company, New Brunswick, NJ.
Autoantibodies as Biomarkers for Predicting Risk to Develop Autoimmune Diseases following Treatment with Immune
Checkpoint Inhibitors. Minoru Satoh, University of Occupational and Environmental Health, Fukuoka, Japan.
Immune-Related Adverse Events Induced by T Cell Adoptive Immunotherapy Using Genetically Engineered TCR-T Cells. 
Hiroaki Ikeda, Nagasaki University, Nagasaki, Japan.
Nonclincial Paths for Immunomodulators: Current Challenges to Evaluate the Safety of Immune Checkpoint Inhibitors
and Combination Therapies. David McMillan, US FDA/CDER, Silver Spring, MD.

Monday, March 16, 8:00 AM to 10:45 AM

Symposium Session: Developmental Toxicity of Per- and Polyfluoroalkyl
Substances (PFAS): Current In Vivo Approaches and Application to Human
Health Risk Assessment
Chair(s): Justin Conley, US EPA; and AtLee Watson, NIEHS/NTP.
Primary Endorser: Reproductive and Developmental Toxicology Specialty Section
Other Endorser(s): Immunotoxicology Specialty Section; Neurotoxicology Specialty Section
Per- and polyfluoroalkyl substances (PFAS) hazard and risk assessments are a high-priority focus of health-based agencies on a global
scale due to widespread occurrence and exposure. The PFAS chemical class is diverse, in regard to physicochemical and toxicokinetic
characteristics, and extensive, with hundreds to thousands of existing structures and additional novel structures introduced annually.
The legacy PFAS, perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), have been studied extensively in traditional and
alternative animal models; however, little to no data regarding persistence, toxicokinetics, or toxicity are available in the peer-reviewed
literature on emerging PFAS with known human exposures, such as the perfluoroalkyl ether acids (e.g., hexafluoropropylene oxidedimer acid [GenX] or Nafion byproduct 2). Importantly, the specific molecular mechanisms and downstream events responsible for
the adverse effects described in rodent studies of PFOS and PFOA, including neonatal mortality, immunomodulation, altered thyroid
hormone concentrations, and impaired carbohydrate and lipid metabolism, are relatively unresolved. Further, it is unknown if exposure
to emerging PFAS elicit similar developmental outcomes, and how their relative potencies compare with those of legacy PFAS. Thus,
research examining critical upstream events, as well as previously unstudied adverse outcomes from early-life exposures, is needed
to facilitate screening of PFAS and inform human health and environmental risk assessments. A key assumption has been that many, if
not all, of the adverse effects of PFAS are mediated in large part by modulation of peroxisome proliferator activated receptors (PPARs),
particularly PPAR-alpha. However, it appears that multiple molecular mechanisms may be involved in the spectrum of effects described
for developmental PFAS toxicity. The first three presentations in this session will focus on in utero and early life stage exposure studies in
laboratory rats and mice to emerging and legacy PFAS. Research presented will cover the current state-of-the-science for in vivo effects
on neonatal viability, neurological responses to alterations in thyroid hormone concentrations, development of immune competence,
and metabolic capacity. Each presentation will pay particular attention to elucidating the specific molecular mechanisms and key events
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associated with the adverse effects of PFAS exposure. The final two speakers of the session will present current state-level (US) and international (European Union—European Food Safety Authority) regulatory approaches for derivation of human health–based guidance
levels. These presentations will include a case study of the utilization of in vivo toxicity data for generating a transgenerational exposure
model to address critical life stages for PFOA, and the use of epidemiological studies and the potential for incorporating a mixtures-based
approach to characterize risk of multiple PFAS in food.
Introduction. A
 tLee Watson, NIEHS/NTP, Research Triangle Park, NC.
PFHxS and Developmental Neurotoxicity: Does Thyroid Hormone Action Play a Role? Katie O’Shaughnessy, US EPA,
Research Triangle Park, NC.
Adverse Developmental Effects of Gestational Exposure to Emerging Perfluoroalkyl Ether Acids: Mechanistic Insights
and Potency Comparisons with Legacy PFAS. Justin Conley, US EPA, Research Triangle Park, NC.
Developing an Understanding of the Effects of PFAS on the Immature Immune System. Jamie DeWitt, East Carolina
University, Greenville, NC.
Derivation of Health-Protective Water Guidance for Bioaccumulative PFAS Chemicals Requires Incorporation of Placental
and Breast Milk Exposure Pathways. Helen Goeden, Minnesota Department of Health, Minneapolis, MN.
The European Food Safety Authority Assessment of PFAS in Food: Preliminary Results and Ongoing Work. 
Thorhallur Haldorsson, University of Iceland, Reykjavik, Iceland.

Monday, March 16, 8:00 AM to 10:45 AM

Symposium Session: Lysosome/Autophagy Dysregulation in Toxicity
and Disease
Chair(s): Shuyan Lu, Pfizer Inc.; and Donna Zhang, University of Arizona.
Primary Endorser: Mechanisms Specialty Section
Lysosomes, first discovered by Dr. Christian de Duve more than five decades ago, are acidic membrane-enclosed organelles filled with
hydrolytic enzymes that digest macromolecules from the endocytic, autophagic, and phagocytic membrane-trafficking pathways. Over
the past decade, several areas of investigation have blossomed and brought lysosomes back into the forefront of cell biology. One such
area is autophagy, which is now recognized as an essential process for maintenance of organelle integrity, catabolism of lipid droplets,
and response to stress. Autophagy dysregulation, including lysosomal dysfunction, has been linked to aging and age-related diseases,
including disorders of lipid and glucose metabolism, as well as cardiovascular and neurodegenerative diseases. One exciting recent
development is the recognition that lysosomes are the key regulators of signaling processes that regulate metabolism. The key metabolic
signaling regulator mechanistic target of rapamycin (mTOR), for instance, needs to be recruited to the lysosomal surface to become
activated and to sense cellular nutritional status. In addition, we now have a much better understanding of the mechanisms underlying
the regulation of lysosome formation. The transcription factor EB (TFEB), a master regulator of lysosomal biogenesis, drives expression
of both autophagy and lysosomal genes. Many compounds can impact autophagic function either by lysosomal accumulation (e.g.,
tamoxifen and amiodarone) or inhibition of certain machinery (e.g., arsenic and tetanus neurotoxin) required for autophagy flux and
fusion with the lysosome. The impact of lysosomal dysfunction by these compounds could lead to toxicity manifestation via several
different mechanisms: (1) cell death associated with lysosomal membrane permeabilization; (2) membrane trafficking perturbation,
including phagocytosis and autophagy; and (3) signaling modulation, including mTORC1 and Nrf2. In this session, we will focus on the
discussion of adaptive changes associated with lysosomal stress, cell death by lysosomal membrane permeabilization, and Nrf2 signaling
modulation associated with lysosomal/autophagy impairment. Examples will be presented that showcase the relationship between lysosomal/autophagy impairment and liver injury or cancer. The discussion highlights lysosome dysfunction as an essential mechanism for
xenobiotic-induced toxicity, which could have a vast impact on the drug discovery process by providing an alternative means for organ
toxicity mediated by physicochemical properties and lysosomal function perturbation besides on-target and off-target effect.
Lysosomal Adaptation: How Cells Respond to Lysosomotropic Compounds. Shuyan Lu, Pfizer Inc., San Diego, CA.
The Cross Talk of Lysosome, Autophagy, and NRF2. D
 onna Zhang, University of Arizona, Tucson, AZ.
Innovations in Applied Toxicology

Innovations in Toxicological Sciences
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TFEB-Mediated Lysosomal Biogenesis Protects against Alcohol and Acetaminophen-Induced Liver Injury in Mice. 
Wenxing Ding, University of Kansas Medical Center, Kansas City, KS.
Interplay of Mitochondria, Mitophagy, and Lysosomes in Pathophysiology. John Lemasters, University of South Carolina,
Charleston, SC.
Control of Lysosomal Membrane Integrity: Opportunities for Clinical Intervention. Marja Jäättelä, Danish Cancer Society
Research Center, Copenhagen, Denmark.

Monday, March 16, 8:00 AM to 10:45 AM

Symposium Session: New Data and Tools for Understanding Chemical
Distribution In Vitro
Chair(s): Nynke Kramer, Universiteit Utrecht, Netherlands; and John Wambaugh, US EPA.
Primary Endorser: Biological Modeling Specialty Section
This session will explore how new experimentally evaluated models for in vitro chemical distribution are needed to better implement
the US National Academy of Sciences Toxicity Testing in the 21st Century: A Vision and a Strategy. Tox21, EU-ToxRisk, and the TransQST are
exemplary projects where in vitro toxicity testing systems are being adapted to assess the toxicity of compounds, from pharmaceuticals
to industrial chemicals. A critical research need for in vitro testing is to distinguish between the nominal concentration of the test chemical applied to the assay system and the effective concentration of the chemical at the site of action in vitro. Since chemicals are expected
to vary in their distribution, it is essential that this is accounted for in determining relative potency in in vitro assays, and in translating
in vitro findings to in vivo. While mathematical models exist to make such predictions, actual experimental data allowing evaluation have
historically been scarce. The presenters in this Symposium are collecting new datasets and establishing novel methods to address in vitro
distribution of chemicals. The session will begin with a presentation on new mathematical models based on physicochemistry to predict
in vitro disposition. The next three presentations will describe new experiments measuring disposition in vitro, with a focus on model
evaluation and interpretation of results in the context of high-throughput screening (HTS). These efforts include a major effort by the
Tox21 collaboration to evaluate the impact of these issues across a wide chemical space, including both pharmaceuticals as well as other
chemicals occurring in the environment and commerce. The session will conclude with a discussion of lessons learned and challenges
remaining with respect to in vitro chemical distribution and translation to in vivo from the EU-ToxRisk and TransQST consortiums. The
session will consider (1) What data are available today for evaluating differences between in vitro nominal and effective concentrations?
(2) What approaches exist for extrapolating from these data to untested and novel chemical structures? (3) What experimental methods
are available for measuring in vitro disposition? and (4) What is the impact of in vitro disposition on chemical risk prioritization?
Introduction. Nynke Kramer, Universiteit Utrecht, Utrecht, Netherlands.
A Comparison of Kinetic Model Predictions and Analytically Determined Distribution of Test Chemicals in 2D, Sandwich,
and 3D Spheroid Hepatocyte Models. N
 ynke Kramer, Universiteit Utrecht, Utrecht, Netherlands.
Biokinetic Modeling of In Vitro Systems for Toxicity Testing and Risk Assessment. Ciaran Fisher, Certara UK Limited,
Sheffield, United Kingdom.
Tox21 Partnership on In Vitro Dispositions: Initial Results. D
 avid Crizer, NIEHS/NTP, Research Triangle Park, NC.
The Influence of In Vitro Disposition and Toxicokinetics on the Association of In Vitro Bioactivity and In Vivo Toxicity Data. 
Gregory Honda, US EPA/NCCT, Research Triangle Park, NC.

Scientific Sessions—Monday | 64

Monday, March 16, 8:00 AM to 10:45 AM

Workshop Session: Applicability Domains and Future of Nonanimal Tests
for Skin Sensitization
Chair(s): Victor Johnson, Burleson Research Technologies; and Marc Pallardy, Université Paris-Sud, France.
Primary Endorser: Immunotoxicology Specialty Section
Other Endorser(s): Dermal Toxicology Specialty Section; In Vitro and Alternative Methods Specialty Section
Allergic contact dermatitis is an undesired side effect observed with many products, including cosmetics, natural extracts, drugs, chemicals, and medical devices. Over the last decades, a great deal of progress has been made in the development of alternative in vitro testing
strategies to assess these issues, concurrent with the mechanistic understanding provided by the adverse outcome pathway (AOP)
framework. The use of animals in toxicology is under ever-increasing scrutiny, with mounting pressure to develop effective alternatives.
Efforts should be devoted to developing reliable in vitro assays and integrated testing strategies capable of addressing toxicity concerns
for a broad spectrum of products and chemicals. This will require a better understanding of the applicability domains of scientifically
validated assays and methods that are currently being used so that chemicals can be tested appropriately in these assays to produce valid
predictions. In addition, accurate definition of the applicability domains will facilitate modification and improvement of current and new
assays to expand these domains, resulting in better coverage of the chemical space for prediction of sensitization potential. The purpose
of this Workshop is to cover current knowledge on the applicability domains of these methods and to understand their limitations and
the opportunities they offer. The session will open with a brief introduction by the session Chair, followed by four presentations aimed
at defining the current state of the applicability domains for in vitro approaches as well as recent progress to expand these domains. The
first presentation will present the current status of an international collaboration charged with establishing international test guidelines
for nonanimal testing strategies that would serve as full replacements to the animal tests for skin sensitization. The approach includes
using the current nonanimal methods within their applicability domains to model skin sensitization. The second presentation will define
the applicability domains and limitation for the individual OECD Test Guidelines 442C, 442D, and 442E, which address chemical peptide
reactivity, keratinocyte activation, and dendritic cell activation, respectively. A complete understanding of the influence of chemistry on
these factors is critical for accurate predictions and improvement of current approaches to expand the applicable chemical space that
can be tested without the use of animals. The third presentation will focus on in chemico assessment of peptide reactivity, presenting
a characterization of the currently validated Direct Peptide Reactivity Assay (DPRA) approach while providing insight into the novel
Peroxidase Peptide Reactivity Assay (PPRA), which holds promise to expand the applicability domain of peptide reactivity assays to
include pre- and pro-haptens requiring metabolism. The final presentation will provide initial data for a novel dendritic cell activation
assay, the THP-1 Activation Assay, which is being developed to expand the applicability domain of the current in vitro dendritic cell activation assays to include drugs that exhibit limited or no cytotoxicity. Overall, this Workshop aims to better define the applicability domains
for nonanimal sensitization testing and identify progress and opportunities for expanding these domains. This Workshop represents an
international collaboration between the Immunotoxicology Specialty Section of SOT and the Immunotoxicology and Chemical Allergy
Specialty Section of EUROTOX in an effort to communicate and improve the science of alternative approaches for assessing potential for
skin sensitization.
Introduction. Victor Johnson, Burleson Research Technologies, Morrisville, NC.
Establishing International Test Guidelines for Skin Sensitization: Predictive Capacity and Applicability Domain of
Nonanimal-Defined Approaches. Nicole Kleinstreuer, NIEHS/NICEATM, Morrisville, NC.
Chemistry behind Sensitization: Possible Limitation and Bottleneck of In Vitro Methods. Robert Landsiedel, BASF SE,
Ludwigshafen, Germany.
The Use of Peptide Reactivity Assays for Skin Sensitization Hazard Identification and Risk Assessment. Cindy Ryan, Procter
& Gamble, Mason, OH.
Drug-Induced Hypersensitivity: In Vitro Opportunities. Emanuela Corsini, Università degli Studi di Milano, Milan, Italy.
Panel Discussion. Marc Pallardy, Université Paris-Sud, Paris, France.
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Monday, March 16, 8:00 AM to 10:45 AM

Workshop Session: Known Unknowns: Challenges and Approaches for
Handling Chemical, Hazard, and Regulatory Uncertainty in Medical
Device Safety Assessments
Chair(s): Tom Lewandowski, Gradient; and Alan Hood, US FDA/CDER.
Primary Endorser: Medical Device and Combination Product Specialty Section
Other Endorser(s): Computational Toxicology Specialty Section; Regulatory and Safety Evaluation Specialty Section
The regulatory landscape for the safety evaluation, clinical testing, and commercial development of medical devices is undergoing
considerable changes, including new requirements for material characterization and chemical risk assessment early on in the development process. In this dynamic environment, extractables/leachables (E/L) analysis is becoming a key tool in biocompatibility assessments
to ensure patient safety and establish regulatory compliance. The first speaker will begin the discussion on medical device chemical
characterization strategies, a necessary step for understanding potential chemical exposures from medical device components. The
presentation will include examples of how information concerning material chemistry and the manufacturing process can reduce the
cost and effort associated in resolving “unknown” extractable compounds. The next presentation will focus on predictive toxicology
methods (e.g., computational toxicology programs, read-across, Threshold of Toxicological Concern) for evaluating potential risks from
extractable compounds. Case studies will be presented to demonstrate the importance of expert judgment when interpreting in silico
hazard predictions, as well as approaches for justifying a read-across approach for risk assessment of extractable compounds. The third
speaker will then discuss the US Food and Drug Administration (US FDA) perspective on the issues raised in the preceeding talks. Agency
experience with unique nontargeted analytical methods that generate data adequate for toxicological risk assessment will be presented,
which include, but are not limited to, extraction method design, analytical instrument/tool selection, selecting an analytical evaluation
threshold (AET), sample manipulation, system suitability, calibration, identification/semi-qualification, and data reporting. The final
speaker will present a broader overview of the global regulatory landscape for medical device safety evaluation. Notable activity includes
the revision of ISO 10993-1, implementation of the European Union’s revised Medical Devices Regulation, and amendments to California
Proposition 65. This presentation will cover how new requirements for extractables/leachables analysis will affect the manufacturer’s
ability to justify the safety of hazardous substances within devices, verify warning label exemption, evaluate biological equivalence of
predicate/proposed devices, and support supply chain controls and ensure efficient change management.
Introduction. Thomas Lewandowski, Gradient, Seattle, WA.
Chemical Characterization Strategies for Medical Device Biocompatibility Assessment. Adam Kozak, Cambridge Polymer
Group Inc., Boston, MA.
Predictive Toxicology Approaches for Medical Device Biocompatibility Assessment. Joel Cohen, Gradient, Cambridge, MA.
CDRH Scientific Perspective on Material Characterization and Toxicological Risk Assessment of Nontargeted Medical
Device Extractables. B erk Otem, US FDA/CDER, Silver Spring, MD.
Extractables and Leachables Analysis of Medical Devices in a Changing Global Regulatory Environment. 
Whitney Christian, Medtronic, Jacksonville, FL.
Panel Discussion. Alan Hood, US FDA/CDER, Silver Spring, MD.
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Monday, March 16, 8:00 AM to 10:45 AM

Workshop Session: Oligodendrocytes/Schwann Cells: Major Targets in
Neurotoxicity and Neurological Diseases
Chair(s): Helena Hogberg, Johns Hopkins University; and Benjamin Cappiello, AxoSim.
Primary Endorser: Neurotoxicology Specialty Section
Other Endorser(s): Mechanisms Specialty Section
Besides neurons, glial cells represent major targets of neurotoxicants. However, cell-based methods to assess glial toxicity are clearly
underrepresented, especially when it comes to oligodendrocytes and Schwann cells. Their role is to form the myelin sheet around
axons, which is crucial for neuronal function and one of the key processes in brain development. Significance of myelination cannot be
understated, and any damage to myelin results in debilitating diseases. Failure to form or maintain myelin can disrupt neuronal signal
transmission or trigger degradation of axons, and a reduction in the velocity of action potentials can lead to physical or mental disability
and induce severe neurological symptoms. Potential mechanisms of oligodendrocyte/Schwann cell toxicity are inflammation, thyroid
hormone disruption, glutamate excitotoxicity, disruption of cholinergic signaling, and oxidative stress. Moreover, several human neurologic diseases have been associated with dysfunctional oligodendrocytes and myelin deficits, such as schizophrenia, multiple sclerosis
(MS), amyotrophic lateral sclerosis (ALS), periventricular leukomalacia (PVL), and chemotherapy-induced peripheral neuropathy (CIPN).
Unfortunately, there is a lack of effective treatments to treat these disorders, despite decades of research using animal models in drug
discovery, and pharmaceutical companies are desperately seeking new human-relevant alternatives. This Workshop will describe in vitro
assays and nonmammalian species to assess toxicity to oligodendrocytes/Schwann cells and myelination. Moreover, the current and
future use of these approaches in toxicity testing and drug discovery will be discussed with national and international perspectives from
both academia and industry. The speakers have been selected to present applications of novel assays for oligodendrocyte/Schwann
cells/myelination toxicity that mimic various parts of the nervous system and different developmental windows of the nervous system.
The introduction will address the significance of myelination for neuronal function and how failure to form myelin and demyelination
can lead to adverse outcome and disease. In addition, it will give a brief background and present the agenda of the Workshop, including
the overall goals, speaker lineup, and the intended outcome. Firstly, the in vitro assay of oligodendrocyte differentiation and maturation
from human neural precursor cells (hNPCs) and its use for developmental neurotoxicity (DNT) will be described. The second speaker
will present the use of three-dimensional (3D) neural models to assess chemicals’ potential to induce demyelination in the more mature
central nervous system (CNS). Furthermore, the assessment of de- and remyelination of the peripheral nervous system (PNS) will be
addressed using a 3D Nerve-on-a-Chip platform. The next speaker will introduce the use of the nonmammalian species Xenopus laevis
to study demyelination-remyelination and the quantitative evaluation of behavioral perturbation after chemical exposure. The final
speaker will present data on remyelination both in murine in vivo and in vitro models and describe efforts to determine the significance
of these findings to a human in vitro model and individuals with demyelinating conditions. The main goal of the Workshop is to shed
light and discuss the current status of assays for oligodendrocyte/Schwann cell toxicity and the translation to human adverse outcomes
and diseases. Speakers have been encouraged to discuss their data, critical to identify gaps, limitations, and relevance to humans with
their approaches. Presentations will be followed by an interactive panel discussion with the session speakers where limitations, species
differences, and extrapolation to the in vivo situation will be deliberated.
Introduction. Helena Hogberg, Johns Hopkins University, Baltimore, MD.
The Human Oligodendrocyte Maturation Assay as a Test for Assessing Thyroid Hormone Disruption In Vitro. Ellen Fritsche,
IUF—Leibniz Research Institute for Environmental Medicine, Düsseldorf, Germany.
Myelination as an Endpoint for (Developmental) Neurotoxicity in 3D In Vitro Models. H
 elena Hogberg, Johns Hopkins
University, Baltimore, MD.
A 3D Nerve-on-a-Chip Platform of the Peripheral Nervous System to Assess De- and Remyelination. L owry Curley, AxoSim,
New Orleans, LA.
A Simple and Reliable Model to Investigate Myelination, Conditional Demyelination, and Remyelination. Bernard Zalc,
Sorbonne Université, Paris, France.
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Discovery of New Therapeutic Targets for Myelin Regeneration Using Murine and Human Models. Isobel Scarisbrick, Mayo
Clinic, Rochester, MN.
Panel Discussion/Q&A.

Monday, March 16, 8:00 AM to 10:45 AM

Workshop Session: Toxicological Exposure and Risk Assessment of
Emissions from 3D Printers
Chair(s): Treye Thomas, Consumer Product Safety Commission; and Yong Qian, NIOSH.
Primary Endorser: Nanoscience and Advanced Materials Specialty Section
3D printing, also referred to as additive manufacturing, is a rapidly growing technology that is expected to have a significant global
impact on the commercialization of consumer products. 3D printers range from large industrial devices to smaller printers that are
typically used in homes and schools to provide a wide range of products, including toys, shoes, electronic equipment, automobile parts,
and firearms. As these devices become more ubiquitous, questions are arising regarding the health and safety implications and how to
mitigate any potential health risks to 3D printer users and consumers of products manufactured through these emerging processes,
especially sensitive receptors such as children. The types of base materials used in 3D printers include thermoplastics, metals, nanomaterials, polymers, and volatile and semi-volatile organic chemicals. The printing process may take several hours, and during this time
period, the base materials are subjected to high heat (e.g., 220°C), resulting in a range of chemical by-products and particulates that may
be released into indoor environments. Given these unknowns, scientist have begun to conduct studies to characterize and quantity these
releases and their specific composition, particle size, and residence time in the indoor environment and produce data that can ultimately
be incorporated into robust exposure assessments. In vitro and in vivo studies the toxicity of the base materials and reactive by-products
and particulates. This session will include leading researchers who are conducting critical investigations into the release of compounds
of concern from 3D printers and their toxicity potential. This Workshop session will provide an overview of additive manufacturing/3D
printers and some key factors associated with these devices that may impact release of and exposure to chemicals of concern. Included
in this analysis is the impact of device- and feedstock-related factors that influence emissions, providing important insights on exposure
potential, efficacy of control technologies, and design of experimental toxicology studies. The session will describe the impact of ABS
thermoplastic emissions on the pulmonary system of rats and their implications for human health, in addition to the release of volatile
organic compounds (VOCs) as well as particles and the need to mitigate exposures to these compounds.
Introduction. Treye Thomas, Consumer Product Safety Commission, Rockville, MD.
Inhalation Toxicity of Acrylonitrile Butadiene Styrene (ABS) 3D Printer Emissions in Rats. Mariana Farcas, NIOSH,
Morgantown, WV.
3D Printer Emission Inhalation Impairs Systemic Microvascular Function. Timothy Nurkiewicz, West Virginia University,
Morgantown, WV.
Release of Aerosols from Fuse-Deposition Modeling 3D Printers and Associated Human Exposure. S ameer Patel, University
of Colorado Boulder, Boulder, CO.
Factors Influencing Emissions from 3D Printers. Aleksandr Stefaniak, NIOSH, Morgantown, WV.
Emissions from Consumer-Level 3D Printers. Qian Zhang, Underwriters Laboratories (UL) Inc., Atlanta, GA.
Panel Discussion/Q&A.

Scientific Sessions—Monday | 68

Monday, March 16, 11:00 AM to 12:30 PM

Workshop Session: Aircraft Cabin Fume Events: Is There a Toxicological
Explanation?
Chair(s): Allister Vale, University of Birmingham, United Kingdom; and Horst Thiermann, Bundeswehr Institute of
Pharmacology and Toxicology, Germany.
Primary Endorser: Occupational and Public Health Specialty Section
Other Endorser(s): Clinical and Translational Toxicology Specialty Section; Neurotoxicology Specialty Section
Cabin air is derived in most aircraft from the compression stage of the jet engine. This bleed air is conditioned and filtered, with an
exchange of 10–15 times per hour with outside air and 20–30 times per hour including outside and filtered recirculated air. On rare
occasions, it is possible for the conditioned air to be contaminated by trace amounts of engine or hydraulic oil because of bearing failure
or over-filling of the oil reservoir, giving rise to a “fume event” (visible smoke, haze, and/or odors) estimated to occur on 0.05% of flights
overall (1 in 2,000). This Workshop will review firstly those studies that have analyzed the air of civilian and military aircraft and detected
not only compounds traceable to various aviation fluids (jet fuel, lubricants, hydraulic fluid, and coolants) but also pyrethroids and ozone.
Secondly, it will assess the toxicity of these identified chemicals to humans. Thirdly, a large investigation of 2,674 cabin crew conducted
by the German Federal Institute for Risk Assessment (BfR) will be reported, and fourthly, a critical assessment of whether analytical
investigations can assist in the diagnosis of cabin fume events will be presented. Some studies have detected tri-cresyl phosphate, an
organophosphate used as a high-pressure lubricant in engine oil. However, the four meta/para isomers of tri-cresyl phosphate, which
account for 99.8% of all isomers, are not neurotoxic. The six ortho-isomers account for the remainder. There is particular concern that
tri-ortho-cresyl phosphate, which is bioactivated by CYP 1A2 and 3A4 to 2-(ortho-cresyl)-4H-1,2,3-benzodioxaphosphoran-2-one (CBDP),
may be responsible for neurological sequelae, as this metabolite can bind both to human acetylcholinesterase (producing acute organophosphorus poisoning) and to Neuropathic Target Esterase (NTE), thereby initiating organophosphate-induced delayed neuropathy.
Pyrethroid spraying on some flights to help ameliorate airborne diseases leads to clinically significant pyrethroid concentrations, which
could result in nasal irritation, throat irritation, sneezing, cough, dizziness, headache, and nausea. High ozone concentrations, which are
well documented, particularly during intercontinental polar flights in late winter/early spring, could produce eye, ENT, and respiratory
features, such as dry mouth or lips, dry and itchy eyes, and nasal stuffiness. In the BfR study, the majority (76%) of the crew complained of
odors similar to the smell of oil, “used socks,” or burned material. The symptoms most frequently experienced were headache, dizziness,
and nausea (>20% each). A smaller percentage (< 20%) of the patients reported symptoms such as “prickly sensations” (paresthesiae)
and numbness. An adduct of CBDP with butyrylcholinesterase was first reported to be present in the serum of a group of asymptomatic
aircraft passengers in 2011. More recently, adducts of the cresyl-benzodioxa-phosphorin-oxide-derived phosphyl group with tyrosine
residues have been detected as well as histidine- and lysine-adducts with ortho-cresyl. Such peptides have been used as biomarkers in
diverse smaller studies and case reports. However, these analytical methods are extremely sensitive, and a correlation between these
biomarkers and development of signs and symptoms has not yet been firmly established.
Introduction. Allister Vale, University of Birmingham, Birmingham, United Kingdom.
Is There a Toxicological Explanation for Features following Cabin Fume Events? Allister Vale, University of Birmingham,
Birmingham, United Kingdom
Of Which Symptoms Do Cabin Crew Complain after a Cabin Fume Event? Nina Glaser, Federal Institute for Risk Assessment,
Berlin, Germany.
Can Analytical Investigations Assist in the Diagnosis of Cabin Fume Events? Horst Thiermann, Bundeswehr Institute of
Pharmacology and Toxicology, Munich, Germany.
Panel Discussion/Q&A.
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Monday, March 16, 11:00 AM to 12:30 PM

Workshop Session: Globally Harmonized Guidance for Dose-Response
Analysis and Derivation of Health-Based Guidance Values for Chemicals in
Food—Part I: What’s New?
Chair(s): Janet Yu Zang, US FDA/CFSAN; and Virunya Bhat, ToxStrategies, Inc.
Primary Endorser: Food Safety Specialty Section
Other Endorser(s): Regulatory and Safety Evaluation Specialty Section; Women in Toxicology Special Interest Group
The World Health Organization (WHO) recently coordinated an international effort to update its guidance document on dose-response
assessment for chemicals in foods, including additives, contaminants, natural toxicants, and residues of pesticides and veterinary drugs.
This guidance also provides practical recommendations in deriving health-based guidance values, such as acceptable daily intake and
acute reference dose, as the basis of establishing food safety regulations and safety standards in international food trade. Although the
purpose of the guidance is related to the WHO food safety programs, the guidance reflects the latest expert thinking on dose-response
assessment and benchmark dose (BMD) modeling, including some key areas of consensus among international experts, and so will be
broadly applicable to areas beyond chemicals in food. Key motivators for the update were newly available modeling technology and the
need for harmonization of the BMD approaches used by the US Environmental Protection Agency (US EPA) and the European Food Safety
Authority (EFSA). This two-part Workshop includes presentations and demonstrations given by scientists who played essential roles in
an international working group charged with drafting this harmonized guidance. Part I of the Workshop will focus on the basic elements
and key updates in the new guidance, while Part II is designed as a practical demonstration session that builds on presentations in Part I.
Part I will begin with an introduction that provides an overview of this guidance, the objectives of the working group, and a summary of
notable updates. The second presentation will address the need for global harmonization with some food-related case studies and will
present the new consensus decision tree scheme for dose-response analysis designed to aid in harmonizing approaches. The decision
tree scheme, embracing a new tiered approach for the benchmark response for continuous endpoints, provides a practical guide to risk
assessors and managers by illustrating how key decision points are affected by a variety of practical scenarios. The third presenter, who
played a leading role in the incorporation of model averaging into the US EPA BMD software, will focus on the harmonization of BMD
methodology by specifically outlining important considerations in the practice of BMD, explaining recommendations of modeling strategies for different types of data, and presenting challenges and solutions in harmonizing different methods. The session will conclude
with an interactive panel discussion with all speakers, Chairs, and a moderator who collectively represent end users of this guidance from
different sectors.
Bring Together Multidisciplinary Expertise: Highlights of Updates in the New Dose-Response Analysis Guidance for
Chemicals in Food. A
 lan Boobis, Imperial College London, London, United Kingdom.
Step by Step: Decision Tree for Dose-Response Analysis and Choice of the Benchmark Response. Lynne Haber, TERA Center,
University of Cincinnati, Cincinnati, OH.
Bring Harmonization into Dose-Response and Benchmark Dose Modeling Guidance. M
 atthew Wheeler, NIOSH,
Cincinnati, OH.
Panel Discussion. Cody Wilson, Coca-Cola Company, Atlanta, GA.
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Monday, March 16, 11:00 AM to 12:30 PM

Workshop Session: Impacts on Human Health of Sunscreen Active
Ingredients Used to Filter Ultraviolet Light
Chair(s): Michael Hughes, US EPA, Research Triangle Park; and Barry McIntyre, NIEHS/NTP.
Primary Endorser: Dermal Toxicology Specialty Section
Other Endorser(s): Carcinogenesis Specialty Section; Reproductive and Developmental Toxicology Specialty Section
There are several known adverse health effects in the skin following overexposure to ultraviolet (UV) light from the sun. Acute effects
from UV light overexposure include erythema, immunosuppression, and burns; chronic effects include photoaging and cancer.
Occurrence of skin cancer from overexposure to sunlight is on the rise, alarming many health agencies. Total avoidance of sunlight and
the wearing of protective clothing are the best ways to evade the harmful effects of sunlight. However, these two practices are not always
the most practical way to avoid sunlight. In addition, excessive avoidance of sunlight may result in vitamin D deficiency, which has its
own adverse effects, such as risk for cardiovascular disease and cancer. A more convenient means of protection from UV light from the
sun is the application of sunscreen onto exposed skin. Sunscreens are basically inorganic (physical) and organic (chemical) filters of UV
light. The main types of inorganic sunscreens or UV filters are zinc oxide and titanium dioxide, while several chemical classes are used
as ingredients of organic sunscreens. Examples include the benzophenones, cinnamates, and others. These organic UV filters are not in
sunscreens alone but also are found in other personal care products such as cosmetics and hair sprays, and clothing. Human exposure
to the UV filters is primarily topical but can occur via the lungs after using spray applicators or by the gastrointestinal tract after use
of lip balms containing these chemicals. Concerns have been raised about the potential adverse health and environmental effects of
the UV filters. For example, the benzophenone derivative, 2-hydroxy-4-methoxybenzophenone (i.e., oxybenzone, benzophenone-3),
is one of the most predominant organic chemical–based ingredients of sunscreens currently used in the United States. Oxybenzone
is detected in raw and treated wastewater and in coastal marine waters of Hawaii at low part per trillion concentration. Oxybenzone
has been reported to be potentially photoallergenic, have endocrine-like effects in laboratory animals, and have a negative impact on
marine organisms such as coral. The latter effect and its detection in Hawaiian waters has led the legislature of Hawaii to ban the use of
oxybenzone-containing sunscreens by 2021. This session will focus on the potential human health effects from exposure to sunscreen
active ingredients such as the benzophenones and cinnamanates. The first presenter will provide an overview of the dermatotoxicology
of sunscreen active ingredients, with regard to past and future regulatory aspects of sunscreen active ingredients, as well as their safety
and efficacy. The second presenter will summarize the results of the National Toxicology Program’s efforts to characterize potential
2-hydroxy-4-methoxybenzophenone-related endocrine and developmental toxicity and carcinogenicity. Study designs utilized include
in vitro and short-term in vivo (Endocrine Disruptor Screening Panel), rat multigenerational (including teratological), and two-year rodent
carcinogenicity. The third speaker will present evidence on the effect of UV filters on the migration of human breast cancer cells. This
effect has implications on breast cancer development and metastasis to other tissues in humans exposed to UV filters. This abstract does
not represent US EPA policy.
Introduction. Michael Hughes, US EPA, Research Triangle Park, NC.
Sunscreen Dermatotoxicology: Past and Future. Howard Maibach, University of California San Francisco, San Francisco, CA.
In Vitro and In Vivo Studies Assessing the Potential for 2-Hydroxy-4-methoxybenzophenone (HMB) to Affect Endocrine
Activity, Reproductive Performance and Fetal Development, Endocrine-Sensitive Tissue Growth, and Tumor Incidence. 
Barry McIntyre, NIEHS/NTP, Research Triangle Park, NC.
Effects of Chemical Ultraviolet Filters on Proliferation, Migration, and Invasion of Human Breast Cancer Cells In Vitro at
Concentrations Measured in Human Breast Tissue. Philippa Darbre, University of Reading, Reading, United Kingdom.
Panel Discussion/Q&A.
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Monday, March 16, 11:00 AM to 12:20 PM

Roundtable Session: Mechanistic Read-Across of Chemical Toxicants
Based on Big Data, Artificial Intelligence, and Critical Validations
Chair(s): Hao Zhu, Rutgers, The State University of New Jersey; and Thomas Hartung, Johns Hopkins University.
Primary Endorser: Computational Toxicology Specialty Section
Other Endorser(s): In Vitro and Alternative Methods Specialty Section; Risk Assessment Specialty Section
In 2016, the Frank R. Lautenberg Chemical Safety for the 21st Century Act became the first US legislation to advance chemical safety
evaluations by utilizing novel testing approaches that reduce the testing of vertebrate animals. Central to this mission is the advancement
of computational toxicology and artificial intelligence approaches to implementing innovative testing methods. In the current “big data”
era, the volume (amount of data), velocity (growth of data), and variety (diversity of sources) are critical considerations when characterizing the currently available chemical, in vitro, and in vivo data for toxicity modeling purposes. Furthermore, as suggested by various
scientists, the variability (internal consistency or lack thereof) of publicly available data pools, such as PubChem, also presents significant
computational challenges. The development of novel artificial intelligence approaches based on massive public toxicity data is urgently
needed to generate new predictive models for chemical toxicity evaluations and establish scientific confidence in the developed models
as alternatives for evaluating untested compounds. In this procedure, traditional approaches (e.g., QSAR) purely based on chemical structures have been replaced by newly designed data-driven and mechanism-driven modeling. The resulting models realize the concept of
adverse outcome pathway (AOP), which can not only directly evaluate toxicity potentials of new compounds but also illustrate relevant
toxicity mechanisms. The recent advancements of computational toxicology in the big data era are paving the road to future toxicity
testing and will have significant impacts on public health.
Nonanimal Models for Animal Toxicity Evaluations: Applying Data-Driven Profiling and Read-Across. H
 ao Zhu, Rutgers,
The State University of New Jersey, Camden, NJ.
Artificial Intelligence: A New Kid on the Block of Toxicology. T homas Hartung, Johns Hopkins University, Baltimore, MD.
Computational Crowdsourcing: Leveraging Global Expertise to Predict Toxicity. N
 icole Kleinstreuer, NIEHS, Research
Triangle Park, NC.
 race Patlewicz, US EPA,
Transitioning Generalized Read-Across (GenRA) toward Quantitative Toxicity Predictions. G
Research Triangle Park, NC.
Nebula for Big Data Analysis: HLA-Peptide-Binding Prediction as a Case. Huixiao Hong, US FDA/NCTR, Jefferson, AR.
Panel Discussion. Hao Zhu, Rutgers, The State University of New Jersey, Camden, NJ.

Innovations in Applied Toxicology

Innovations in Toxicological Sciences
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Monday, March 16, 11:00 AM to 12:20 PM

Informational Session: Individual-, Community-, and Population-Level
Environmental-Associated Attributes of Disparate Health Outcomes in
Vulnerable Populations
Chair(s): Darryl Hood, Ohio State University; and Paul Juarez, Meharry Medical College.
Primary Endorser: Toxicologists of African Origin Special Interest Group
Other Endorser(s): Education and Career Development Committee; Graduate Student Leadership Committee
While life expectancy in the US has increased significantly over the past five decades, key indicators of chronic disease health outcomes
continue to vary markedly by race, ethnicity, sex and/or gender, geographic location, and socioeconomic status (SES). Disparate health
outcomes are well documented and account for a substantial proportion of preventable death and disability. In population groups
defined by race/ethnicity, sex and/or gender, geography, and/or SES, disparities persist, and in some settings, they are widening. This
Informational Session will present an innovation in the science of health disparities known as the Public Health Exposome (PHE) framework and its applications. This framework was devised as a means to identify important associations between chemical and nonchemical
stressor exposures and chronic disease outcomes in vulnerable populations using both data-driven and hypothesis-driven methods.
Using the Public Health Exposome dataset 3.0, the session will demonstrate how to use data-driven computational and hypothesis-driven statistical analytics to discover new scientific insights into associations between the natural, built, and social environments,
adverse personal health outcomes, and disparate population-level health disparities. The PHE framework offers a new approach for
conducting cumulative risk assessments that can be used to assess the effects of multiple, interactive, and cumulative chemical and
nonchemical stressor exposures on disparate health outcomes and on population-level health disparities. By curating large amounts of
disparate, heterogeneous data, the PHE approach provides environmental public health scientists, epidemiologists, and chronic disease
researchers with the tools to develop, target, and evaluate current and past public health programs and policies.
Using the Public Health Exposome Framework to Determine Associations of Stressor Exposures with Disparate Health
Outcomes. Darryl Hood, Ohio State University, Columbus, OH.
Big Data Analytics for Disparate Health Sciences Data. Michael Langston, University of Tennessee Knoxville, Knoxville, TN.
Remotely Sensed Environmental Data for Public Health Applications. M
 ohammad Al-Hamden, Universities Space Research
Administration at Marshall Space Flight Center, Huntsville, AL.
Individual and Environmental Attributes of Cardiometabolic Disparities in a Cohort of Community Health Center
Patients. Paul Juarez, Meharry Medical College, Nashville, TN.

Monday, March 16, 11:00 AM to 12:20 PM

Informational Session: The Epidemic of Chronic Kidney Disease of
Unknown Etiology in Agricultural Communities
Chair(s): Alison Harrill, NIEHS/NTP; and Julia Tobacyk, University of Arkansas for Medical Sciences.
Primary Endorser: Occupational and Public Health Specialty Section
Other Endorser(s): Clinical and Translational Toxicology Specialty Section
Over the last two decades, occurrence of severe renal disease has dramatically increased in socially vulnerable farming communities
within Central America, Sri Lanka, and India—and most recently reported in the United States. In countries such as Nicaragua and Costa
Rica, chronic kidney disease mortality is over fivefold the national rates and increasing, with an overall mortality >20,000 young and
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middle-aged agricultural workers in affected regions. The epidemic of chronic kidney disease of unknown origin (CKDu) is not associated with classic CKD risk factors such as diabetes and hypertension. Potentiating factors are beginning to be explored, including heat
stress and dehydration resulting from strenuous work in hot climates, agrochemical and metal exposures in occupational settings, and
through drinking water sources. There is some evidence indicating that repeated episodes of acute kidney injury occurring during the
growing season may have a cumulative effect in precipitating chronic kidney disease. A key question is whether the cause of the disease
is the same worldwide or whether different factors are leading to the same manifestation in various disease hot spots. For example,
well water as a primary drinking source has been implicated as a risk factor for the disease in Asian countries, but there is not sufficient
evidence linking drinking water exposures elsewhere. What is clear is a strong association with strenuous work in primarily agricultural
occupations. Pathologic features of the disease indicate a possible toxic nephropathy, yet systematically collected exposure data are
sparse but ongoing. In this session, the key features and underlying renal pathology will be reviewed along with early investigations
toward assessing the evidence of an environmental toxic mediator. A panel discussion serves as a “call to action” to engage toxicologists
to consider studies that will help to mitigate the serious human health catastrophe of CKDu in economically disadvantaged communities.
Introduction. Alison Harrill, NIEHS/NTP, Research Triangle Park, NC.
Chronic Kidney Disease of Unknown Origin: Providing Insight into CKDu by Leveraging the National Toxicology Program
Pathology Archives. S usan Elmore, NIEHS, Research Triangle Park, NC.
Descriptive Analysis of Nephrotoxic Drinking Water Contaminants and Urinary Biomarkers of Exposure among
Sugarcane Workers in Guatemala. D
 iana Jaramillo, University of Colorado Denver, Denver, CO.
Developmental Nephrotoxicity of Agrochemical Mixtures Derived from Sri Lankan Water Sources. Nishad Jayasundara,
University of Maine, Orono, ME.

Monday, March 16, 3:00 PM to 4:30 PM

Symposium Session: Evolving Technologies for Determination of
Biotherapeutic Specificity
Chair(s): Timothy MacLachlan, Novartis Institutes for BioMedical Research; and Shari Price, Charles River Laboratories.
Primary Endorser: Biotechnology Specialty Section
Other Endorser(s): Biological Modeling Specialty Section; Regulatory and Safety Evaluation Specialty Section
Monoclonal antibody therapeutics evolved from low molecular weight drugs with the promise of substantially higher specificity than
low molecular weight drugs, and thus with much lower potential for toxicity. Since safety of monoclonal antibodies is directly linked to
the specificity of their binding to therapeutic targets, developers of monoclonal antibody therapeutics have evaluated specificity of their
products using the “tissue cross-reactivity” assay, based on the immunohistochemical method, where the drug candidate is panned
across a large number of human tissues. Recently, several platforms for screening for potential cross-reactivity have become available,
from protein and cellular arrays to flow cytometry–based methods, and their utility as possible replacements for the immunochemistry
method has been considered. This session will address the growing options that sponsors have to evaluate specificity of monoclonal
antibody pharmaceuticals in the preclinical safety package.
Introduction. Timothy MacLachlan, Novartis Institutes for BioMedical Research, Cambridge, MA.
“TCR 2.0”: Reviewing Experience with Methods to Detect Off-Target Binding of Monoclonal Antibodies. Joy Cavagnaro,
Access BIO LC, Boyce, VA.
Immunohistochemistry-Based Tissue Cross-Reactivity Studies: History and Current Perspective. Bernie Buetow, Pfizer Inc.,
San Diego, CA.
Protein and Cell-Based Arrays to Assess Specificity of Biotherapeutics. Axel Vicart, Novartis Institutes for BioMedical
Research, Basel, Switzerland.
Panel Discussion/Q&A.
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Monday, March 16, 3:00 PM to 4:30 PM

Symposium Session: Genome Editing in Drug Discovery: Using the Cas9
Protein to Explore Target-Mediated Toxicity
Chair(s): Jeffrey Willy, Vertex Pharmaceuticals Incorporated; and Myrtle Davis, Bristol-Myers Squibb Company.
Primary Endorser: Molecular and Systems Biology Specialty Section
Other Endorser(s): Mechanisms Specialty Section
The Cas9 protein is an emerging and powerful tool for engineering the genome in preclinical models for studying disease progression.
Recent advances in CRISPR/Cas9 technology has enabled biomedical research to advance rapidly on multiple fronts, including target
identification and on- and off-target mediated toxicities, as well as the implementation of genome editing for innovative therapeutic
approaches. The first presentation will introduce novel advances in genome-wide high-throughput CRISPR/Cas9 screens to identify
unique targets for RAS-driven cancers. The second talk will provide mechanistic insight into novel applications of the Cas9 protein for
identification of on- and off-target toxicities during drug development of small molecules. The final talk will focus on the immunotoxicity of Cas9 in preclinical models with the goal of understanding implications on current genome-editing therapeutics. The collective
content of this session will highlight both the advances and the challenges of CRISPR/Cas9 technologies during the different stages of
drug development in a rapidly emerging field.
Functional Genomic CRISPR/Cas9 Modifier Screens Unveil Novel Therapeutic Targets in the Context of RAS-Driven
Cancers. Jason Kwon, Broad Institute, Cambridge, MA.
Using CRISPR/Cas9 to Explore Mechanisms of Toxicity. J effrey Willy, Vertex Pharmaceuticals Incorporated, San Diego, CA.
Exploring the Toxicity of Cas9 Systems for In Vivo Editing in the Central Nervous System. E lizabeth Stahl, University of
California Berkeley, Berkeley, CA.

Monday, March 16, 3:00 PM to 4:30 PM

Workshop Session: Bringing Advances in Risk Science into Regulatory
Decisions: Applying Data-Driven Uncertainty Analysis
Chair(s): George Woodall, US EPA; and Phillip Goodrum, Integral Consulting Inc.
Primary Endorser: Risk Assessment Specialty Section
Other Endorser(s): Regulatory and Safety Evaluation Specialty Section
Confidence is improved in human health risk assessments when variability is well characterized and uncertainties are based on objective, empirically derived observations (data) instead of defaults. Uncertainty analysis, although relevant for both exposure and toxicity,
increasingly focuses on the toxicity values applied in human health risk assessment (NAS 2009). In this Workshop, we will present the
state-of-the-science on methods for explicitly incorporating information and judgment in the derivation of toxicity values, and corresponding characterization and communication of risks. Many of these methods can now be applied given the datasets and tools
currently available. Other methods highlight specific data gaps that can be prioritized to improve risk management decision-making.
This Workshop will present perspectives from regulatory, industry, and academic risk assessment practitioners on systematic review,
refined dose-response analysis, data-driven distributions of uncertainty factors, and leveraging human data in toxicity assessments. The
views expressed are those of the authors and do not represent the views or policies of the US EPA.
Introduction and Overview. P hillip Goodrum, Integral Consulting Inc., Fayetteville, NY.
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Interpreting Dose-Response Uncertainty in a Regulatory Environment: Relationship to Decision Context. 
Kathleen Raffaele, US EPA, Washington, DC.
Survey of Case Studies in Application of Approaches for Quantitative Evidence Integration and Uncertainty Analysis. 
Caroline Ring, ToxStrategies Inc., Austin, TX.
A Probabilistic Approach for Dose-Response Assessment of Human Health Effects. Todd Blessinger, US EPA,
Washington, DC.
Panel Discussion/Q&A. Weihsueh Chiu, Texas A&M University, College Station, TX.

Monday, March 16, 3:00 PM to 4:30 PM

Workshop Session: Guidance Values for Chemicals in Food—Part II:
Intuitive Demonstrations
Chair(s): Virunya Bhat, ToxStrategies, Inc.; and Janet Yu Zang, US FDA/CFSAN.
Primary Endorser: Food Safety Specialty Section
Other Endorser(s): Regulatory and Safety Evaluation Specialty Section; Women in Toxicology Special Interest Group
The World Health Organization (WHO) recently coordinated an international effort to update its guidance document on dose-response
assessment for chemicals in foods, including additives, contaminants, natural toxicants, and residues of pesticides and veterinary drugs.
This guidance also provides practical recommendations in deriving health-based guidance values, such as acceptable daily intake and
acute reference dose, as the basis of establishing food safety regulations and safety standards in international food trade. Although the
purpose of the guidance is related to the WHO food safety programs, the guidance reflects the latest expert thinking on dose-response
assessment and benchmark dose (BMD) modeling, including some key areas of consensus among international experts, and so will be
broadly applicable to areas beyond chemicals in food. Key motivators for the update were newly available modeling technology and the
need for harmonization of the BMD approaches used by the US Environmental Protection Agency (US EPA) and the European Food Safety
Authority (EFSA). Part I in this two-part Workshop includes presentations and demonstrations given by scientists who played essential
roles in an international working group charged with drafting this harmonized guidance. Part I of the Workshop will focus on the basic
elements and key updates in the new guidance, while Part II is designed as a practical demonstration session that builds on presentations
in Part I. Part II will expand upon the concepts presented in Part I and provide nuts-and-bolts instruction on conducting BMD modeling
with model averaging. The session will start with a brief introduction that outlines different BMD modeling platforms and highlights the
need for harmonization. Then, two case studies, one with dichotomous data and the other with continuous data, will be demonstrated
using both the US EPA BMDS software and EFSA PROAST software. Implications of key decisions in conducting the modeling also will be
addressed. An additional case study will be provided to address more advanced topics, such as Bayesian prior selection and sensitivity
analysis. Participants are encouraged, but not required, to bring their laptops with the latest version of BMDS and access to the web
enabled, to get hands-on experience with the procedures and examples being demonstrated. The session will allow time for operational
questions and discussion. Interested attendees can attend one or both Workshops.
Benchmark Dose Modeling: Can We Bridge the Differences? Lynne Haber, TERA Center, University of Cincinnati, Cincinnati, OH.
Benchmark Dose Analysis Using BMDS: An Interactive Demonstration. J. A
 llen Davis, US EPA, Cincinnati, OH.
Benchmark Dose Analysis Using PROAST: An Interactive Demonstration. J osé Cortiñas Abrahantes, European Food Safety
Authority, Parma, Italy.
Boundary Cases for Bayesian Benchmark Dose Analysis. Matthew Wheeler, NIOSH, Cincinnati, OH.
Panel Discussion. J effrey Gift, US EPA, Research Triangle Park, NC.
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Monday, March 16, 3:00 PM to 4:30 PM

Workshop Session: Single Cell Applications in Mechanistic Toxicology
Chair(s): Cody Smith, Rutgers, The State University of New Jersey; and Michael Aschner, Albert Einstein College
of Medicine.
Primary Endorser: Mechanisms Specialty Section
Other Endorser(s): Comparative Toxicology, Pathology, and Veterinary Specialty Section; Molecular and Systems
Biology Specialty Section
Investigations into the mechanism of action of chemicals, pharmaceuticals, and contaminants typically rely on measurements of gene
and protein expression. A change in expression of a gene, protein, or functionally related groups would indicate perturbation of suspect
signaling pathways. These measurements are typically performed in whole tissues or homogenous populations of cells in culture. These
“bulk” analyses do not consider the heterogeneity of cell types within a given tissue and thus provide a nonspecific average across cell
populations, which reduces the specificity and sensitivity of the measurement. Different cell types exhibit variable responses to toxicant
exposures that may be missed when analyzing bulk samples. For example, traditional bulk analyses cannot decipher responses in low
abundant cells, which can be diluted by changes in more abundant cell types, and do not capture opposing signals in multiple cell types.
To address these issues, single cell analytical tools have been developed that probe alterations in the genome, transcriptome, proteome,
and metabolome of individual cells. While these methods are gaining popularity in the fields of immunology and cancer biology, among
others, they have been minimally used to characterize target organ toxicities or to understand the mechanisms of action of toxicants. The
purpose of this Workshop is to provide the audience an overview of the field of single cell biology through case studies of mechanistic
investigations into toxicological responses in multiple systems using various single cell analytical methods. The first presentation will
focus on antibody-based methods used to measure protein expression in single cells, including flow cytometry and single cell western
blotting. The next presentation will focus on the use of single cell RNA sequencing (scRNA-seq) data to train a deconvolution algorithm,
CIBERSORT, to estimate population size shifts from bulk RNA-seq data. The last presentation will introduce the single-cell amalgamation
via latent semantic analysis (SALSA) workflow for cross-specimen integration of scRNA-seq data that is used to extract reliable exposure-induced gene expression changes from scRNA-seq data by reducing noise and addressing issues related to the sparsity of single
cell data. This presentation also will complement scRNA-seq data with single cell proteomic analysis of cell surface proteins using single
cell mass cytometry. Overall, this Workshop will introduce attendees to multiple single cell analytical techniques that provide a deeper
view of the underlying biology driving adverse toxicological responses in diverse systems and will allow ample interaction between
participants.
Introduction. Lois Lehman-McKeeman, Bristol-Myers Squibb Company, Princeton, NJ.
Application of Single Cell Proteomic Analyses to Identify Pharmacological Mechanism of Action of a Novel Nitrated Fatty
Acid in Acute Lung Injury. C ody Smith, Rutgers, The State University of New Jersey, Piscataway, NJ.
Deconvolution of Bulk RNA-Seq Data Using Archived Single Cell RNA-Seq Data to Determine the Effects of Toxicants on
Cell Population Sizes. Douglas Ruden, Wayne State University, Detroit, MI.
Peripheral Blood Monocytes of Human Smokers Exhibit Differences in M1 Macrophage-Associated Transcriptional
Signatures Resolved by Single Cell RNA Sequencing. O
 swaldo Lozoya, NIEHS, Research Triangle Park, NC.
Panel Discussion/Q&A.
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Monday, March 16, 3:00 PM to 4:30 PM

Workshop Session: The More, the Better? Single Biomarkers, Panels,
and/or Composite Biomarkers to Characterize Organ Injury
Chair(s): Patrick Devine, Novartis, Novartis Institutes for BioMedical Research Inc.; and Jennifer Shing, AbbVie Inc.
Primary Endorser: Clinical and Translational Toxicology Specialty Section
Biomarkers are critically important for disease diagnosis and for safety and efficacy evaluations during drug development. A number of
traditional biomarkers, along with more recent diagnostic and exploratory biomarkers, are utilized in standard clinical pathology assessments. The Critical Path Institute Predictive Safety Testing Consortium, industry, and academic researchers have performed prospective
preclinical and clinical studies on newer biomarkers that are being developed and characterized to improve differential diagnoses, especially identification of specific types of organ injury and injury or toxicity in the presence of confounding disease conditions. Examples
of traditional biomarkers include amylase and lipase for injury to the exocrine pancreas, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) for hepatocyte injury, creatine kinase (CK) for skeletal muscle injury, and urinary protein for kidney injury. Specific
situations can confound the interpretation of these traditional biomarkers. One example is that muscle injury or intense exercise can
alter biomarkers of liver injury like ALT. In addition, another traditional liver injury biomarker, γ-glutamyltransferase (GGT), was found to
be associated with cardiac damage, altering the once indisputable correlation of GGT and ALT/AST with liver injury. Greater confidence
in interpretation of biomarkers may be gained by examining more than one endpoint at a time; however, this requires larger sample
volumes, higher costs, and greater efforts. Furthermore, increased numbers of endpoints may lead to confusion and increased risk of
false positives. More recently, panels of biomarkers have been tested for their composite diagnostic predictability. Strategies for utilization
and implementation of new and exploratory biomarkers into current practices and guidelines are needed. This Workshop will describe
the latest recommendations on how exploratory biomarkers should be interpreted and implemented within the context of traditional
biomarkers and panels of biomarkers and whether composite biomarker readouts may improve diagnoses. Three speakers will discuss
the latest in vascular injury, skeletal muscle, and kidney biomarkers and the various ways in which these biomarkers can be utilized. The
session will conclude with an interactive panel discussion, driven by questions from the audience. Together, these talks will examine how
to incorporate new biomarkers into current panels and strategies as they are explored, characterized, and eventually validated.
Lessons Learned from the Qualification of Vascular Injury Biomarkers. Jochen Brumm, Genentech Inc.,
South San Francisco, CA.
 arren Glaab, Merck & Co. Inc., West Point, PA.
Clinical Biomarkers for Skeletal Muscle Injury and Neuromuscular Diseases. W
Composite Measures of Multiple Urine Biomarkers as Early Drug Development Tools to Detect Renal Injury Response. 
Robin Mogg, Bill & Melinda Gates Medical Research Institute, Philadelphia, PA.
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Monday, March 16, 3:00 PM to 4:30 PM

Workshop Session: Variety Is the Life of Spice: The Clinical Toxicology of
Synthetic Cannabinoids
Chair(s): Sally Bradberry, National Poisons Information Service (Birmingham Unit), United Kingdom; and Jeffrey Brent,
University of Colorado School of Medicine and School of Public Health.
Primary Endorser: Clinical and Translational Toxicology Specialty Section
Other Endorser(s): Neurotoxicology Specialty Section; Occupational and Public Health Specialty Section
In the last 10 years, the abuse of synthetic cannabinoid receptor agonists (SCRAs) has caused unprecedented physical and psychological ill health among users, with an associated substantial burden on health and social care providers. Initially identified in the early
1980s, the repertoire of synthetic analogues has expanded rapidly to several hundred compounds. SCRA molecular structure consists
of four components—“core,” “tail,” “linker,” and “linked” groups—each with numerous potential analogues. Structural diversity presents
challenges for nomenclature, with several systems in use, including serial designations generated by laboratories, names used by recreational users, and an alphanumeric systematic nomenclature. When applied correctly, the latter can effectively communicate detailed
information about the structure and potential toxicity of these compounds. Unfortunately, this system has been inconsistently applied,
and there remains a lack of international consensus on its proper usage. SCRAs are typically full agonists at cannabinoid receptors (CB1
and CB2) with potency up to one hundred times that of naturally occurring tetrahydrocannabinol. They also have the potential for many
downstream signaling effects because of coupling of CB1 and CB2 to a variety of signal transduction mechanisms, including inhibition
of adenyl cyclase and activation of mitogen-activated protein kinase. There is particular concern regarding the psychotic effects of these
compounds, with evidence that they can affect the functioning of neurotransmitter systems other than that of endocannabinoids,
including dopamine, serotonin, and glutamate, neurotransmitters known to be implicated in the pathophysiology of psychosis. Synthetic
cannabinoids are typically sprayed onto plant material to be smoked. Their clinical effects are diverse and unpredictable. Central nervous
system toxicity predominates with coma, seizures, extreme agitation, and psychosis. Other complications include stroke, myocardial
infarction, acute kidney injury, rhabdomyolysis, and hyperthermia. Fatalities have occurred. Management is focussed on symptomatic
and supportive measures, with an emphasis on maintaining staff and patient safety through conscious sedation. Poor understanding of
the mechanisms of toxicity, limited dose-response data, and problems with real-time analytical confirmation contribute to the clinical
challenge these patients bring to the emergency department. Where available, Ultra-Performance Liquid Chromatography with Time
of Flight Mass Spectrometry (UPLC-MS/TOF) offers accurate, flexible, and specific analysis. In specialist units, this technology has been
utilized to develop a vigilance system that identifies those cannabinoids in current use by analysis of drugs donated by or confiscated
from users. The results are used to create a targeted, rapid turnaround drug screen pertinent to the particular cannabinoid analogues in
circulation at a given time. Latest challenges surrounding SCRAs include the potential adverse health effects of long-term use, with the
associated risks of addiction to and subsequent withdrawal from synthetic cannabinoids as yet inadequately clarified. Legislation aimed
at limiting availability of these drugs has been implemented in several counties with questionable success. There remains a global need
to focus not only on law enforcement but also on education, harm reduction, and prevention.
Introduction. Sally Bradberry, National Poisons Information Service (Birmingham Unit), Birmingham, United Kingdom.
Synthetic Cannabinoids: Chemistry, Nomenclature, and Mechanisms. Simon Hill, National Poisons Information Service,
Newcastle, United Kingdom.
Clinical Presentation of Synthetic Cannabinoid Exposures and the US Experience. Jeffrey Brent, University of Colorado
School of Medicine and School of Public Health, Denver, CO.
Synthetic Cannabinoid Abuse: Diagnosis and Management. S ally Bradberry, National Poisons Information Service
(Birmingham Unit), Birmingham, United Kingdom.
Panel Discussion/Q&A.
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Tuesday, March 17, 8:00 AM to 10:45 AM

Symposium Session: Cellular Recovery and Resilience: A New Perspective
on Toxicity Testing
Chair(s): Lena Smirnova, Johns Hopkins University Bloomberg School of Public Health; and David Gerhold, NIH/NCATs.
Primary Endorser: Mechanisms Specialty Section
Other Endorser(s): In Vitro and Alternative Methods Specialty Section
The move from whole animal–based toxicology tests to human cell–based assays has witnessed a renewed focus on toxicological mechanisms. Technological developments, including ’omic technologies, have enabled an unprecedented understanding of how cells deal
with chemical insult, which is often by altering transcriptional programs to initiate specific stress response pathways. Currently, many
in vitro toxicity studies mainly assess acute susceptibilities of cells and tissues but ignore long-term, low-dose, epidemiologically relevant
exposures to chemicals, which could lead to disease manifestations. The concept of cellular resilience, in contrast, suggests studying
how cells can cope with stress by activating pathways of defense, which lead to recovery and resistance (tolerance) against subsequent
hits. The first presentation will demonstrate how such defense mechanisms could help us to identify vulnerable individuals or irreversible adverse outcomes that manifest as progressive diseases. Pathways such as Nrf2 (oxidative stress), p53 (DNA damage), HIF-1 alpha
(hypoxia), and Unfolded Protein Response (proteotoxicity) are among the most frequent ones to provide the cell with some resistance to
the initiating injury. Such pathways are by definition protective, and their activation can be used to identify the molecular initiating event
and the extent of the impact. The next presentation will continue the discussion about adaptation, recovery, and resilience, with the
focus on neurodegeneration. The third presentation will demonstrate how the field of cellular recovery and resilience can be addressed
in a high-throughput manner by introducing the Toxmatrix, a chemical genomics method that can identify chemicals, and pathway
perturbations, that protect or sensitize cells to a toxicant. Characterization of these pathways also enables us to connect dose-responses
to irreversible adverse events, as detailed in adverse outcome pathways. Quantitative high-throughput screening approaches and
transcriptomic biomarkers have been used to identify activation of the stress pathways. Cell co-culture and 3D models also are being
developed to understand chronic adaptations such as cardiac hypertrophy, Epithelial-to-Mesenchyme Transition (EMT), neurodegeneration, and fibrosis. The fourth talk will present recent work on “tipping points” between adaptation and adversity based on high content
imaging data from the ToxCast project. Tipping points are another approach for quantifying cellular resilience as the concentration and/
or exposure duration beyond which a cell is unable to recover. The discussion on recovery and resilience will be completed by in the final
presentation, which will introduce the methods of how to measure biomarkers of resilience. Biomarkers of specific stress phenotypes
and tissue dedifferentiation also may be identified for tipping points that enable us to quantify the exposure threshold that triggers an
irreversible adverse effect. Taken together, intoxicated cells may differ less in how they are hit than in how they resist stress and recover or
adapt to the new homeostasis to become more resilient. Defining these mechanisms of resilience will enable us to generate better in vitro
assays and will inform both animal and clinical studies. This Symposium will address both resilience and recovery after injury. The main
findings on cellular recovery and resilience from the five presentations and future directions will be wrapped up in the summary talk.
Introduction. Lena Smirnova, Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD.
Lessons Learned from Repeat-Dose Toxicity and Recovery after Exposure. Paul Jennings, Vrije Universiteit Amsterdam,
Amsterdam, Netherlands.
The Cellular Resilience Concept: Application to Chemical-Induced Parkinson’s Disease Model. Lena Smirnova, Johns
Hopkins University Bloomberg School of Public Health, Baltimore, MD.
Probing Resilience Mechanisms by Chemical Combination Screening. David Gerhold, NIH/NCATS, Bethesda, MD.
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Toxicological Tipping Points: Using High Content Imaging Data from ToxCast. Imran Shah, US EPA/NCCT, Research Triangle
Park, NC.
Sensor-Based Assays to Measure Markers of Cellular Resilience in Real Time. Chodozie Victor Agu, INanoBio, Mountain
View, CA.
Session Summary/Q&A. L ena Smirnova, Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD.

Tuesday, March 17, 8:00 AM to 10:45 AM

Symposium Session: Cyanide as a Chemical Threat: Finding
Better Antidotes
Chair(s): David Jett, NIH/NINDS; and Gennady Platoff, NIH/NIAID, Bethesda.
Primary Endorser: Neurotoxicology Specialty Section
Other Endorser(s): Clinical and Translational Toxicology Specialty Section
Cyanide is a well-known industrial chemical that also has been used as a deadly poison throughout modern history and antiquity. Several
cyanide-containing compounds, including hydrogen cyanide, potassium cyanide, and cyanogen chloride, are highly toxic and considered a threat to public health. They are considered chemical threats because of potential use by terrorists and large-scale industrial
accidents like the one that occurred in Bhopal in 1984. Cyanide disrupts cellular oxidative phosphorylation via the inhibition of cytochrome c oxidase. Cyanide also inhibits several other enzymes, induces oxidative stress, and increases cellular calcium. Mitochondrial
toxicity and other effects lead to death, usually from cardiopulmonary paralysis. The central nervous system (CNS) also is vulnerable to
cyanide toxicity, evidenced by the nonlethal chronic effects that are usually related to deficits in motor neuron functionality, like those
reported after consuming cyanogenic cassava root (Konzo disease) and the parkinsonism reported in survivors of cyanide poisoning. The
wealth of knowledge gained from decades of research on the mechanisms of cyanide toxicity has resulted in the development of effective therapeutics for individual exposures including the recently US Food and Drug Administration (US FDA)–approved drug Cyanokit.
However, the unmet need discussed in this session is the lack of safe and effective therapeutics for treating many individuals at once after
deliberate or accidental release. United States federal agencies such as the Departments of Health and Human Services and Homeland
Security have identified a need for antidotes that have better utility in these mass causality events. The currently available antidotes
are effective and relatively easy to use by trained professionals to treat individual poisonings. However, they can require reconstitution
before administration, and all available US FDA–approved cyanide antidotes must be delivered by intravenous injection, which is difficult
and time-consuming. These and other features of current antidotes may not be ideal for rapid treatment of many individuals at once. This
session will describe the unmet need for better cyanide antidotes during mass causality events and provide specific examples of current
innovative research on the discovery of new lead compounds and the development of drug candidates.
Introduction and Overview of the Unmet Need in Cyanide Research. D
 avid Jett, NIH/NINDS, Bethesda, MD.
Cobinamide, Sodium Tetrathionate, and Sodium Nitrite/Sodium Thiosulfate for Treatment of Cyanide Poisoning. 
Gerry Boss, University of California San Diego, San Diego, CA.
DTMS: A New Nonintravenous Candidate Cyanide Medical Countermeasure. G
 ary Rockwood, US Army Medical Research
Institute of Chemical Defense, Edgewood, MD.
Phenotypic Screens and Testing of Novel Cyanide Countermeasures. C alum Macrae, Harvard University, Boston, MA.
New Cobalt Complexes and NO Donors. James Peterson, University of Pittsburgh, Pittsburgh, PA.
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Innovations in Toxicological Sciences
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Tuesday, March 17, 8:00 AM to 10:45 AM

Symposium Session: Electronic Cigarettes and Cardiovascular Toxicity:
New Friend or Old Foe?
Chair(s): Ivan Olfert, West Virginia University School of Medicine; and Daniel Conklin, University of Louisville.
Primary Endorser: Cardiovascular Toxicology Specialty Section
Other Endorser(s): Clinical and Translational Toxicology Specialty Section; Inhalation and Respiratory Specialty Section
Popularity of and interest in electronic cigarettes (e-cigs) have grown rapidly and in large part due to marketing e-cigs as “harm-free”
or “reduced-harm” products compared with cigarettes. These claims are based largely on observations that e-cigs have fewer toxicants
than cigarettes and some evidence the e-cigs induce lower lung inflammatory responses compared with traditional cigarettes. Such a
narrowly defined perspective toward health fails to consider that use of e-cigs (also known as vaping) is likely to have effects on other
organ systems, too. For example, the cardiovascular system is well known to have significant comorbidities associated with inhalation of
xenobiotic particulate matter (e.g., air pollution, smoking). Given that e-cigs have only been around for little more than a decade, robust
studies evaluating and reporting the effects of vaping on cardiovascular function are only now beginning to emerge. Despite the current
marketing dogma, the emerging evidence paints a bleak picture toward the overall benefits versus risk from e-cigs and opens many
intriguing questions, such as (1) What component(s) in, or produced from, the e-liquid may be responsible for inducing cardiopulmonary
and vascular dysfunction? (2) Does secondhand exposure induce the same health concerns? (3) Does the type of device (JUUL versus
other devices), and/or temperature settings (wattage), change its harm potential? and (4) Are the long-term effects on vascular function
the same across different vascular beds? This Symposium brings together a group of established investigators who have specific expertise with vaping and aerosol research who have begun to address these questions. Specifically the presentations will bring together data
from in vitro cell and in vivo animal studies—that provide harbinger toward long-term cardiovascular health in humans—as well as direct
studies on humans examining health and cardiovascular function. Collectively the talks are designed to provide the audience a broad,
but in depth, journey on current knowledge and potential mechanisms underpinning cardiovascular toxicity from vaping. We anticipate
that this Symposium can provide a framework for stimulating both public and scientific discussion on the relative benefits versus harm
conferred by inhalation of novel tobacco products to overall health. Given the current interest and need for establishing public policy
and regulation toward novel tobacco products, and particularly e-cigs, the speakers will be asked to discuss relevant available data
regarding the potential positive and negative outcomes being observed that may complement or assist regulatory evaluations. The
panel discussion also will specifically ask the speakers (and invite the audience) to participate in a discussion on the potential of the
findings presented during the Symposium toward issues for regulatory concern.
Electronic Cigarettes: Vapors’ and Flavors’ Effects on Cells. P rue Talbot, University of California Riverside, Riverside, CA.
Adverse Cardiovascular Effects of Aerosols from Leaf Vaporizers and E-cigarettes. M
 atthew Springer, University of California
San Francisco, San Francisco, CA.
Cardiovascular Toxicity of Electronic Cigarettes: Role of Aldehydes. D
 aniel Conklin, University of Louisville, Louisville, KY.
Toxicological Effects of Vaping on Central and Peripheral Vascular Function: Insights from Intravital and In Vivo Studies in
Animals. Ivan Olfert, West Virginia University School of Medicine, Morgantown, WV.
Electronic Cigarettes versus Nicotine Replacement Therapies: Cardiovascular Implications. Christian Delles, University of
Glasgow, Glasgow, United Kingdom.
Panel Discussion. Daniel Conklin, University of Louisville, Louisville, KY.
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Tuesday, March 17, 8:00 AM to 10:45 AM

Symposium Session: Environmental Exposure and Health Effects of
Organophosphate Esters
Chair(s): David Volz, University of California Riverside; and Heather Stapleton, Duke University.
Primary Endorser: Molecular and Systems Biology Specialty Section
Other Endorser(s): Exposure Specialty Section
Organophosphate esters (OPEs) are high-production volume chemicals used worldwide within a number of products, including but not
limited to electrical and electronic equipment, furniture, building materials, and vehicle parts. OPEs are additive flame retardants (FRs)
and plasticizers that have the potential to migrate from end-use products into the ambient environment. As such, OPEs are ubiquitous in
the environment and elevated within various sources of human exposure. As the extent and magnitude of exposure are likely associated
with human population densities, this has raised concerns about the potential health risk to humans and the environment within densely
populated regions around the world. However, OPE-specific toxicity data and epidemiological studies are relatively limited, although
numerous studies have demonstrated that chronic human exposure is common within countries relying on OPE-containing materials.
Therefore, the objective of this timely and globally relevant Symposium is to bring together several leading investigators that are actively
conducting research on OPE exposure and effects within a range of environmental media and model systems. After a brief introduction
of the Symposium and each of the speakers, the first speaker will provide an overview of OPE-specific uses, market trends, and regulatory
challenges; the second and third speakers will focus on OPE exposure within the natural and built environment; and the last two speakers
will focus on OPE effects on early and later life stages of vertebrate development.
Introduction. David Volz, University of California Riverside, Riverside, CA.
OPE-Specific Uses, Market Trends, and Regulatory Challenges. J oel Tenney, ICL Industrial Products Group, Tarrytown, NY.
OPEs in the Biotic Exposome and the Influence of Environmental Processes on Fate and Biological Effects. Robert Letcher,
Environment and Climate Change Canada, Ottawa, ON, Canada
 eather Stapleton, Duke University,
Human Exposure to OPEs: Exposure Pathways, Predictors, and Health Concerns. H
Durham, NC.
Leveraging Zebrafish to Unravel Mechanisms of OPE-Induced Developmental Toxicity. David Volz, University of California
Riverside, Riverside, CA.
Sex Differences in the Placental Accumulation and Activity of OPEs: A Novel Route of Neurodevelopmental Toxicity. 
Heather Patisaul, North Carolina State University, Raleigh, NC.
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Tuesday, March 17, 8:00 AM to 10:45 AM

Symposium Session: Quantitative and Translational Systems Toxicology:
Improving Drug Safety from Preclinical to Clinical Outcomes
Chair(s): James Stevens, Universiteit Leiden, Netherlands; and Derek Leishman, Lilly Research Laboratories.
Primary Endorser: Clinical and Translational Toxicology Specialty Section
Other Endorser(s): Biological Modeling Specialty Section; Mechanisms Specialty Section
Before market approval, all new medicines require extensive preclinical and clinical safety testing. Molecules deemed safe in preclinical
studies are generally safe during clinical trials, yet safety signals and adverse events do occur in human subjects. Catastrophic outcomes,
although rare, do occur, and recent high-profile failures illustrate the potential for significant morbidity and mortality. Thus, predicting
when preclinical results indicate increased clinical risk remains challenging and highlights the need for more quantitative and translational safety approaches. Systems approaches can be useful in estimating when biological response in one species is preserved in
another. Various modeling approaches, including modular and network models, have been used to determine conservation of biology
across scales of evolution. These systems models provide opportunities to place safety prediction on a more quantitative basis, especially if they are combined with PBPK models to link exposure to pathogenesis in a multi-scale quantitative systems toxicology (QST)
framework. Multi-scale QST models incorporate data across vast scales of complexity, from cells to intact organisms, and may include
data from the genome to the proteome and metabolome. For example, transcriptomic data can inform global metabolic models and
provide measures of cellular stress response that are linked to metabolism and disposition of a novel drug candidate within an adverse
outcome pathway that spans molecular responses to pathogenesis in vivo. Presentations in this Symposium will tackle various aspects
of QST modeling. The session opens by addressing challenges in merging systems models with traditional PBPK models into complex
multi-scale and multi-dimensional QST models. After this introduction, the presenters will focus on case studies illustrating the potential
to improve translation of nonclinical to clinical safety for common organ targets, including liver, kidney, gut, and heart. The speakers will
summarize progress in the field, illustrate new concepts that are nearing application, and highlight the opportunities and challenges in
achieving more quantitative estimates of human safety.
Introduction. James Stevens, Universiteit Leiden, Leiden, Netherlands.
Challenges and Opportunities for Multi-scale and Multi-dimensional Models. C iarian Fisher, Certara UK Limited, Sheffield,
United Kingdom.
Modeling Stress Responses across Scales of Complexity: From High Content Imaging in Cells to Modeling Co-expression
Networks. Bob van de Water, Universiteit Leiden, Leiden, Netherlands,
Modeling Cardiovascular Safety Using a Quantitative Systems Pharmacology Approach. Derek Leishman, Lilly Research
Laboratories, Indianapolis, IN.
Multi-scale Modeling Approaches to Describe Drug-Induced Gut Toxicity. Carmen Pin, AstraZeneca, Cambridge,
United Kingdom.
Panel Discussion/Q&A.
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Tuesday, March 17, 8:00 AM to 10:45 AM

Workshop Session: Human-Relevant Carcinogenicity Testing: Tools for
Cancer Assessment in 2020 and Beyond
Chair(s): Nicole Kleinstreuer, NIEHS/NICEATM; and Gina Hilton, PETA International Science Consortium Ltd.
Primary Endorser: Carcinogenesis Specialty Section
Other Endorser(s): In Vitro and Alternative Methods Specialty Section; Regulatory and Safety Evaluation
Specialty Section
For decades, risk assessors have relied on the rodent cancer bioassay to collect apical endpoints that are used to identify potential human
carcinogens. The rat and mouse bioassays are currently required by most regulatory authorities for carcinogenicity assessment of industrial and agro-chemicals, food additives, pharmaceuticals, and environmental pollutants. However, five decades of cancer research have
raised concerns about the utility of the rodent cancer bioassays to accurately identify potential human carcinogens. Timely discussions
have reached a tipping point due to known limitations of the bioassay, including that it is expensive and time-consuming, uses hundreds
of animals per test, and has questionable human relevance. As a result, experts are working to develop novel, human-relevant tools and
approaches to assess potential carcinogenic effects. Steps are now being taken to modernize carcinogenicity testing through the use
of mechanistic approaches that reduce testing on animals and may provide more human health–protective information. In this session,
cross-sector experts will deliver presentations and participate in a panel discussion, providing insight into current challenges and opportunities in designing human-relevant chemical carcinogenicity assessment strategies. A representative from the National Toxicology
Program will discuss their ongoing Health Effects Innovation Initiative that is working toward modernizing their carcinogenicity testing
program. An investigator from the US Environmental Protection Agency will give a presentation highlighting the use of gene expression endpoints in short-term animal tests to predict liver tumorigens. Methods developers will discuss in silico expert-driven systems to
develop testable biological hypotheses, small model organisms providing mechanistic insights, and complex organotypic model tumor
systems that recapitulate human cancer. These presentations from a diverse panel of experts will provide a timely and thought-provoking discussion on the opportunities to modernize cancer assessment and will be of interest to a wide range of stakeholders, including
regulators, cancer toxicologists, systems modelers, and industry scientists.
Modernizing the NTP Carcinogenicity Testing Program. Warren Casey, NIEHS/NTP, Research Triangle Park, NC.
Toward Patient-Specific Organotypic Models of Cancer. David Beebe, University of Wisconsin–Madison, Madison, WI.
Development of an Adverse Outcome Pathway Network to Support an Integrated Approach to Testing and Assessment of
Carcinogenic Risk. S usanne Stalford, Lhasa Limited, Leeds, United Kingdom.
Toward Replacing the Two-Year Bioassay with Short-Term Assays: Gene Expression Thresholds Can Predict Rat Liver
Tumorigens. C hris Corton, US EPA, Research Triangle Park, NC.
Using Preclinical Models to Understand Metastasis. K andice Tanner, National Cancer Institute, Bethesda, MD.
Panel Discussion/Q&A.
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Tuesday, March 17, 8:00 AM to 10:45 AM

Workshop Session: Using Human Genetics to Aid in Safety Assessment
of Therapeutics
Chair(s): Jing Yuan, Amgen Inc.; and Matthew Nelson, GlaxoSmithKline plc.
Primary Endorser: Clinical and Translational Toxicology Specialty Section
Other Endorser(s): Drug Discovery Toxicology Specialty Section; In Vitro and Alternative Methods Specialty Section
Preclinical safety evaluation of pharmaceuticals relies mainly on studies in animal models. While the use of animals has made significant
contributions to safety assessment, there remains uncertainty in the extrapolation of risk from animals to humans. This is particularly
true for novel therapeutics that do not cross-react to animal orthologs and lack pharmacological activity in species used for toxicology
studies. Therefore, development of human-centric approaches to predict drug safety in humans is essential. Research in human genetics
has discovered hundreds of gene variants associated with complex and rare disease. Both studies of Mendelian syndromes and genomewide association studies (GWAS) have resulted in the discovery of new therapeutic targets and have provided therapeutic support for
existing drugs. Retrospective analyses of clinical studies have demonstrated that drugs whose targets are validated by human genetics
are more likely to reach approval. While the application of human genetics has been discussed primarily as a method to discover and validate the efficacy of novel targets, there is increasing appreciation for the use of genetic data to predict safety liabilities. Human genetic
variants can represent a model for lifelong modulation of a therapeutic target and can be used to inform the potential for on-target
toxicity as well as the effects of drug off-target interactions. In addition, human genetics may help to identify genetic risk factors contributing to rare adverse drug reactions. The overall objective of this Workshop is to showcase the use and potential of human genetics to
inform safety signals of therapeutics. The session will cover the following topics: (1) an overview of human genetic association studies
including GWAS and PheWAS, with the aim of providing a basic understanding of the methodologies and applications to the drug development process; (2) case examples that illustrate the applications of human genetics in target validation and to inform on- and off-target
safety—the impact on drug safety evaluation and clinical utility will be discussed; (3) the utility of human genetics in identifying genetic
risk factors contributing to adverse drug reactions from a large volume of health records as well as knowledge accumulated from drug
development; and (4) discussion on the challenges of and future perspectives on translating human genetic information to predict drug
effects in preclinical and clinical development. This session will be of interest to toxicologists engaged in preclinical and clinical safety
evaluation during drug development and to human geneticists interested in preclinical applications and clinical translation.
Introduction. Jing Yuan, Amgen Inc., Cambridge, MA.
Genetics for Target Validation and Case Studies. Dorothee Diogo, Merck Research Laboratories, Boston, MA.
Using Genetics to Select Safer Targets and Drugs. A
 imee Deaton, Amgen Inc., Cambridge, MA.
Observational Data for Pharmacogenomics Discovery. Nicholas Tatonetti, Columbia University, New York, NY.
The Role of Genetics and Genomics in Predicting Drug-Induced Liver Injury. Weida Tong, US FDA/NCTR, Jefferson, AR.
Integrating Genetic Evidence into Drug Safety Research: From Target Discovery through Pharmacovigilance. 
Matthew Nelson, GlaxoSmithKline plc, Collegeville, PA.
Panel Discussion/Q&A.
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Tuesday, March 17, 11:00 AM to 12:30 PM

Symposium Session: Targeted Protein Degraders: Considerations for
Nonclinical Safety Assessment of a New Pharmaceutical Modality
Chair(s): Jacqueline Kinyamu-Akunda, Novartis Institutes for BioMedical Research; and Kyle Kolaja,
Celgene Corporation.
Primary Endorser: Comparative Toxicology, Pathology, and Veterinary Specialty Section
Other Endorser(s): Mechanisms Specialty Section
Targeted/induced protein degradation has emerged as a novel drug discovery approach with promise for drugging targets previously
considered undruggable. Targeted protein degradation exploits the intrinsic cellular machinery for disposing of damaged, misfolded,
or excess proteins. The approach consists of low molecular weight agents that enable tagging of a protein of interest by an E3 ubiquitin
ligase for subsequent ubiquitination and degradation in the proteasome. Recently, the first targeted “degrader” entered into clinical
trials in prostate cancer (Mallard A. Nature Reviews Drug Discovery 18:237), and multiple others are in preclinical development. There are a
number of advantages for degraders over traditional low molecular weight inhibitors, including prolonged pharmacodymics due to lag
time for protein resynthesis and increased potency due to a potential for one molecule to repeatedly catalyze ligand activity. Moreover,
a broader spectrum of activity may result from whole protein degradation compared with protein inhibition. Presumably, this should
result in need for lower therapeutic exposures, better selectivity, and improved margins of safety. This session seeks to introduce the
SOT community to this new area of intense research in the pharmaceutical industry and share learning from experts. The presenters aim
to start a discussion that gets the toxicology community ahead of this emerging science to define important parameters to consider
for characterizing the safety of this new modality. After a brief introduction to targeted protein degraders, the first speaker will discuss
ADME properties and considerations for PKPD and TKTD relationships. A number of the current degraders in preclinical development are
derived from iMiDs (immunomodulatory modulatory drugs) such as thalidomide and utilize the ability of the glutarimide moiety to bind
cereblon and provide a chemical anchor to the E3 ligase. Thalidomide is a well-known human teratogen, and other iMiDs likewise show
thalidomide-like teratogenicity in animals. Recent publications report that iMiDs degrade SALL4, a zinc finger transcription factor shown
to be causative for human syndromes characterized by malformations that phenocopy thalidomide malformations (Kohlhase et al. 2003).
The second speaker will discuss recent advances in understanding thalidomide teratogenicity and how this informs strategies for safety
assessment of protein degraders. Finally, the third and last speaker will discuss general safety considerations for protein degraders,
highlighting case examples.
ADME and PKPD Considerations for Targeted Protein Degraders. D
 ominik Hainzl, Novartis Institutes for BioMedical Research,
Cambridge, MA.
SALL4 Degradation by Cereblon Ligands and Its Implications for Teratogenicity of Degraders. Eric Fischer, Harvard Medical
School, Cambridge, MA.
Important Considerations for Safety Assessment of Targeted Protein Degraders. Kaushik Datta, Celgene Corporation,
Summit, NJ.
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Tuesday, March 17, 11:00 AM to 12:20 PM

Informational Session: Communicating Risk in a (Mis)information-Rich
World
Chair(s): Alison Bernstein, Michigan State University; and Christina Baghdikian, US EPA.
Primary Endorser: Women in Toxicology Special Interest Group
Other Endorser(s): Occupational and Public Health Specialty Section; Postdoctoral Assembly
Understanding the risks and hazards consumers face has become an overwhelming task for them. Inaccurate, yet compelling, narratives
and visuals promulgated via social media drown out science-based messaging and widen the gap between actual risks and risk perception, creating uncertainty and confusion for consumers. In a world where we are prone to cognitive leaps and scary stuff is always easier
to believe, how can consumers make sense of complex information related to risk, especially in areas where there is uncertainty? As risk
communicators, we are constantly challenged to operate in this complex environment. In line with SOT Strategic Priority to increase the
Society’s influence through science communication, this session brings together speakers with various perspectives to help attendees to
better understand how the public recognizes and reacts to risk messaging and to find ways of proactively and effectively communicating
in an information-rich environment to foster trust and critical thinking. For this panel session, our experts will (1) discuss how the media
and social media shape public perceptions of science and risk; (2) showcase examples of how risk can be communicated in meaningful
ways to diverse audiences, specifically as it relates to current issues in toxicology, including per- and polyfluoroalkyl substances (PFAS); (3)
explore options (remedies) for empowering the public to think critically about exposures and toxicology; and (4) provide strategies and
practical skills for attendees to apply in their own outreach and communication efforts to increase public awareness and understanding
of risk in the context of toxicology. Each speaker will give a short talk drawing on their specific expertise and experience of the speakers
in the world of science and risk communication. A wide range of topics will be covered, from the science of science communication, to
how public perception of toxicology and risk is shaped, to the importance of collaboration with stakeholders in risk communication. This
session also will discuss how errors in risk perception underlie much of public misunderstanding of science and how media coverage
and social media algorithms skew public risk perception. Topics also will focus on the importance of collaboration between multiple
stakeholders and interagency collaboration in the development and dissemination of public health messages, as well as strategies for
effective communication that allow you not only to convey information, but also to engage and empower your audience to listen and
respond. Talks will be followed by a moderated discussion on current issues in risk communication related to toxicology. Issues covered
will include message development, strategies and practical skills for communicating complex risks in a timely manner, and accurately
conveying uncertain risks when research is ongoing. Panelists will use current “hot topics” in toxicology (e.g., PFAS) to illustrate these
concepts. PFAS are man-made surfactants (including PFOA, PFOS, GenX, and many other chemicals) found in a wide range of consumer
products. They are persistent and bioaccumulate, and exposure can lead to adverse health outcomes in humans. The panel of science
communication experts will share their knowledge, approaches, and experiences related to these important communications issues.
Attendees will take away information that will help develop skills to apply in their own efforts to increase public awareness and understanding of risk in the context of toxicology.
Introduction. Alison Bernstein, Michigan State University, Grand Rapids, MI.
How Errors in Risk Perception Underlie Public Misunderstanding of Science. Alison Bernstein, Michigan State University,
Grand Rapids, MI.
The Science of Science Communication. B eth Karlin, See Change Institute, Venice, CA.
Failure to Launch: How to Make Your Program’s Messaging a Success. H
 eather Brake, CDC/ATSDR, Atlanta, GA.
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Tuesday, March 17, 11:00 AM to 12:20 PM

Informational Session: Current Status and Knowledge Gaps in the Use of
Zebrafish in Risk Assessment
Chair(s): Arantza Muriana, Biobide; and Mamta Behl, NIEHS.
Primary Endorser: In Vitro and Alternative Methods Specialty Section
Other Endorser(s): Reproductive and Developmental Toxicology Specialty Section; Risk Assessment Specialty Section
Over the past five years, there has been much advancement in the use of zebrafish as a powerful alternative model in drug and toxicity
screening. Extensive research has been done on understanding chemical space for which zebrafish is a good predictor in reliably prioritizing compounds for screening and in risk assessment, and cases where it cannot be used reliably (e.g., volatile compounds). This
session summarizes advancements in the field with respect to similarities and differences between zebrafish and mammalian systems,
presents strengths and limitations of the zebrafish in assessing safety and risk assessment to ensure reliable and good translational data,
provides case examples of where the zebrafish has been a good predictor of toxicity and where it has not, and emphasizes the need
for harmonization across laboratories conducting zebrafish research. It also will highlight stengths, lessons learned, and knowledge
gaps in the current use of zebrafish as a complementary model in drug and toxicity screening and prioritization. The first presentation
will introduce a risk assessment screening strategy used to identify candidates with developmental, and neurodevelopmental (DNT)
or neurotoxicity, cardiotoxicity and hepatic toxicity utilizing a tiered screening approach. Utilizing a tiered screening approach, candidates will be able to be classified as cardiotoxic, hepatotoxic, developmental or neurodevelopmental and neurotoxic, after a funnel of
toxicity assays designed based on previous validation and standardization data. Getting risk assessment data that can help in chemical
prioritization and also translational to other animal models (like mammals), ending in safer candidates. The second speaker will present
on a multidimensional zebrafish assay system to describe the systematic screening of flame retardant chemicals (FRCs), enhancing the
protocol design’s importance to get reliable and transferable data to other labs developing the same assays. The third presentation will
highlight how developmental neurotoxicity assays coupled with analytical chemistry can be used to identify shared toxicity phenotypes
arising from structurally similar per- and polyfluoroalkyl substances (PFAS). The final presentation will provide insight into using the
zebrafish as a tool to screen environmental compounds for risk assessment and how the measurement of benchmark concentrations
(BMC) may be used as a common data analysis method in comparing data across laboratories. Collectively, this session will capture the
latest advancements in the design, execution, and analysis of zebrafish toxicity data to enable chemical prioritization and risk assessment
with more efficiency.
Zebrafish Toxicity Assays (Cardiotoxicity, Hepatotoxicity, Developmental Toxicity, and Neurobehavioral Toxicity) as Tools
for Drug Screening, Chemical Prioritization, and Risk Assessment. Arantza Muriana, Biobide, Cambridge, MA.
Utilizing the Power of High-Throughput Zebrafish Screening to Identify and Compare the Toxicity of Flame Retardant
Chemicals. Robert Tanguay, Oregon State University, Corvalis, OR.
Identification of Shared Toxicity Phenotypes in Zebrafish Exposed to Structurally Similar Per- and Polyfluoroalkyl
Substances. Tamara Tal, Helmholtz Centre for Environmental Research – UFZ, Leipzig, Germany.
The Need for Protocol Optimization in Zebrafish: Lessons Learned from Teratology and Behavioral Studies. Mamta Behl,
NIEHS, Research Triangle Park, NC.
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Tuesday, March 17, 11:00 AM to 12:20 PM

Education-Career Development Session: A CURE for the Common
Classroom: Engaging Students and Faculty in Course-Based
Undergraduate Research Experiences to Maximize Academic Success
and Productivity
Chair(s): Larissa Williams, Bates College; and Joshua Gray, US Coast Guard Academy.
Primary Endorser: Faculty United for Toxicology Undergraduate Recruitment and Education Committee
Other Endorser(s): Committee on Diversity Initiatives; Hispanic Organization of Toxicologists Special Interest Group
Research in science is approached through asking novel questions with unknown answers. However, the way in which science has
been historically taught at the undergraduate level is through cookbook labs with known and predictable methods and answers. Core
competencies recommended by the 2011 report of the American Association for the Advancement of Science and National Science
Foundation—Vision and Change in Undergraduate Biology Education: A Call to Action—have pushed educators to teach science in an
authentic manner and expand research opportunities to a greater number of students. One model that has been widely adopted to meet
these goals is that of Course-based Undergraduate Research Experiences (CURE). These courses, the research experience and cultivation
of science identity of which can be incorporated into new or existing courses, can span from the first year of study to the upper level.
While these courses take a variety of forms, national assessment data have shown that CUREs increase content knowledge, analytical and
technical skills, and persistence in science for all students, but especially for students underrepresented in STEM. In addition to student
benefits of this model, faculty report increases in their own research productivity. In this session, we will report CURE models from
the first year of study to the upper level at both large research institutions and small undergraduate-only institutions and present the
benefits of this model to students and faculty alike.
Introduction. Larissa Williams, Bates College, Lewiston, ME.
A Framework for Designing and Refining CUREs. J ordan Parker, University of California Los Angeles, Los Angeles, CA.
Faculty Engagement and Undergraduate Research Mentorship through the National SEA PHAGES Program. 
Richard Pollenz, University of South Florida, Tampa, FL.
Applying a CURE Approach to an Upper-Level Combined Biochemistry/Toxicology Laboratory Using C. elegans. 
Joshua Gray, US Coast Guard Academy, New London, CT.
From Surviving to Thriving: A First Biology Course—Use of a CURE to Teach about Poisons. L arissa Williams, Bates College,
Lewiston, ME.
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Tuesday, March 17, 1:30 PM to 4:15 PM

Symposium Session: Environmental Carcinogenesis: Effect of Carcinogen
Exposure on the Genome and Health Risks
Chair(s): Igor Pogribny, US FDA/NCTR; and James Klaunig, Indiana University.
Primary Endorser: Carcinogenesis Specialty Section
Other Endorser(s): Mechanisms Specialty Section; Risk Assessment Specialty Section
Carcinogenesis in humans is a dynamic and complex phenomenon determined by the interface between two major etiological factors,
genetics and environmental carcinogens, among which the exposure to natural and man-made chemical and physical carcinogenic
agents has a more profound impact on cancer development. Currently, it is well recognized that the most impactful approach to reduce
the burden of cancer is the early detection and precision prevention strategy, which focuses on individuals who have not been diagnosed
with cancer. The success of this approach deeply relies on a better understanding of the fundamental biology of early carcinogenesis,
especially biomarkers of exposure and molecular drivers of preneoplasia that may not only define etiologic risk but also delineate interindividual heterogenicity in response to carcinogenic insults and cancer development. This Symposium will present current knowledge on
the role of environmental chemicals in the cause of cancer and how environmental insults are involved in the carcinogenic process and
illustrate the linkage between exposure and genome alterations as a central component of environmental carcinogenesis. Additionally,
it will highlight new conceptual and technological advances in the field of carcinogenesis, outlining the importance of the evaluation of
carcinogen-induced genome alterations not only in the carcinogen assessment process but also in the development of precise cancer
preventive strategies.
Understanding the Mechanisms of Chemically Induced Carcinogenesis in Application to Potential Human Risk. 
James Klaunig, Indiana University, Bloomington, IN.
DNA Adductomics Technologies for Assessing Human Exposures to Carcinogens: Potentials and Challenges. 
Robert Turesky, University of Minnesota, Minneapolis, MN.
Mutational Signatures of Carcinogen Exposures and Their Functional Impact. Jiri Zavadil, IARC, Lyon, France.
Use of Gene Expression Profiles to Facilitate Read-Across of Per- and Polyfluoroalkylated Substances in Human Primary
Liver Cell Spheroids. E lla Atlas, Health Canada, Ottawa, ON, Canada.
Use of Epigenomic Markers of Exposure in Carcinogen Detection In Vivo and In Vitro. Igor Pogribny, US FDA/NCTR,
Jefferson, AR.
Panel Discussion/Q&A.
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Tuesday, March 17, 1:30 PM to 4:15 PM

Symposium Session: Epigenetic Mechanisms of Metal-Induced Cancer
Stem Cell–Like Property and Carcinogenesis
Chair(s): Chengfeng Yang, University of Kentucky; Erik Tokar, NIEHS.
Primary Endorser: Metals Specialty Section
Other Endorser(s): Mechanisms Specialty Section; Stem Cells Specialty Section
Several common metal carcinogens, including arsenic (As), cadmium (Cd), and nickel (Ni), are weakly mutagenic. This suggests that
nongenotoxic mechanisms, such as epigenetic mechanisms, may play critical roles in carcinogenesis induced by these metals. Although
generally considered a genotoxic carcinogen, studies show that Cr(VI) exposure also can trigger epigenetic alterations. This Symposium
convenes a panel of outstanding researchers in cancer epigenetics and metal carcinogenesis fields to discuss the critical roles of
epigenetic deregulations in metal-induced cancer stem cell–like properties and carcinogenesis. The first presenter, an expert in cancer
epigenetics research, will discuss epigenetic deregulation in cancer stemness, carcinogenesis, and cancer therapy. Next, four experts in
the metals carcinogenesis research field will present their cutting-edge studies to show how epigenetic deregulation is critically involved
in metal-induced cancer stem cell–like properties and carcinogenesis. This session differs from and expands on the previous year’s metal
carcinogenesis Symposium by (1) presenting research that discusses epigenetic mechanisms of four different metals (As, Cd, Ni, Cr),
thereby reaching a wider audience of metal researchers; (2) including epigenetic mechanisms of metal-induced cancer stem cell–like
properties and their role in metal carcinogenesis; and (3) including a presentation by a cancer epigenetics expert who will talk about the
background of epigenetics and how epigenetic mechanisms are key in carcinogenesis and cancer therapy. Discussions about the knowledge gaps in epigenetics in cancer and therapies would appeal to many researchers, not just in metals and cancer, but in epigenetics in
general. This Symposium session will be of interest to scientists involved in metals, stem cells/cancer stem cells, or cancer research and
will be ideal for those who desire a better understanding of the epigenetic mechanisms involved in metals carcinogenesis.
Introduction. Chengfeng Yang, University of Kentucky, Lexington, KY.
Environmental Exposures, Carcinogenesis, and Reprogramming of the Cancer Epigenome. Joyce Ohm, Roswell Park
Comprehensive Cancer Center, Buffalo, NY.
Metabolomic and Epigenetic Signatures of the Arsenic-Induced Cancer Stem Cells. F ei Chen, Wayne State University,
Detroit, MI.
Epigenetic Effects of Cadmium in Carcinogenesis. Erik Tokar, NIEHS, Research Triangle Park, NC.
Nickel Exposure Causes Persistent Transcriptional Changes through Deregulation of the Epigenome. S uresh Cuddapah,
New York University, New York, NY.
Epigenetic Mechanism of Chronic Hexavalent Chromium Exposure–Induced Cancer Stem Cell–Like Property and
Tumorigenesis. Zhishan Wang, University of Kentucky, Lexington, KY.
Panel Discussion/Q&A.
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Tuesday, March 17, 1:30 PM to 4:15 PM

Symposium Session: Immune Cell Polarization in Toxicology and
Therapeutic Approaches
Chair(s): Cheryl Rockwell, Michigan State University; and Sarah Blossom, University of Arkansas for Medical Sciences.
Primary Endorser: Immunotoxicology Specialty Section
Other Endorser(s): Mechanisms Specialty Section
Standard toxicity testing of the immune system does not currently include assays to evaluate immune cell polarization. However, there
is considerable evidence to demonstrate that inappropriate immune cell polarization can result in disease. Whereas polarization of T
cells into functionally distinct subsets is necessary for developing a targeted immune response that is tailored for a specific pathogen,
inappropriate T cell polarization is causative in a number of diseases, including multiple sclerosis, psoriasis, asthma, allergy, and others.
Likewise, macrophage phenotype switching is critical to tissue repair following injury. In addition, numerous studies have demonstrated
that inflammatory macrophage phenotypes are associated with a number of different diseases. From a toxicological perspective,
disruption of immune cell polarization by environmental toxicants has been well documented and can have wide-ranging functional
consequences. Conversely, therapeutics that target immune cell polarization are clinically useful to restore immune homeostasis to treat
immune-mediated diseases. This session will explore toxicity due to dysregulated immune polarization as well as therapeutic options
for treating diseases that result from inappropriate T cell differentiation. The session aims to explore the breadth of xenobiotic effects
on immune polarization resulting in different sequelae. The presenters will discuss how the industrial solvent TCE drives autoimmunity
in a two-hit model by promoting Th1 and Th17 differentiation, and conversely demonstrate that activation of the xenobiotic sensor
Nrf2 promotes Th2 differentiation and inhibits Th1 differentiation, resulting in exacerbated food allergy and suppressed host defense to
influenza A. Taking a different perspective, the third presentation will provide some balance by showing how inhibition of ROR-gamma-t,
the master regulator of Th17 differentiation, with a novel orally available drug is clinically useful in the treatment of collagen-induced
arthritis and EAE, a mouse model of multiple sclerosis. The following presentation will expand the conversation to toxicant effects on
Tfh, follicular helper T cells, and Th1 cells to demonstrate how inhibition of Tfh and Th1 differentiation by certain AhR ligands results in
deficient CD8 and IgG response to influenza A infection. The final presenter will round out the session by demonstrating how acetaminophen toxicity results in defective M1/M2 macrophage switching—specifically, how M1/M2 switching is critical to repair and ultimately
survival in acetaminophen-induced acute liver failure. The session also is designed to introduce different mechanisms by which toxicants
dysregulate immune cell polarization.
Introduction. Cheryl Rockwell, Michigan State University, East Lansing, MI.
Epigenetic Regulation of CD4+ T Cell Polarization in a Model of Toxicant-Induced Autoimmunity. S arah Blossom, University
of Arkansas for Medical Sciences, Little Rock, AR.
Nrf2 Regulates Multiple Facets of T Cell Differentiation, Impacting Food Allergy and Host Defense. Cheryl Rockwell,
Michigan State University, East Lansing, MI.
RTA 1701 Is a Selective RORγt Inhibitor That Suppresses IL-17A Production and Is Efficacious in Mouse Models of
Autoimmune Disease. S cott Reisman, Reata Pharmaceuticals Inc., Irving, TX.
The Aryl Hydrocarbon Receptor Regulates T Cell Differentiation. B. Paige Lawrence, University of Rochester Medical Center,
Rochester, NY.
Failed Phenotype Switching by Hepatic Macrophages Produces Persistent Inflammation in Acute Liver Failure by
Acetaminophen. Bryan Copple, Michigan State University, East Lansing, MI.
Panel Discussion/Q&A.
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Tuesday, March 17, 1:30 PM to 4:15 PM

Symposium Session: Organ to Silicon Chip: Emerging In Vitro and In Silico
Tools for Evaluation of Cardiotoxicity
Chair(s): Anthony Bahinski, GlaxoSmithKline plc; and Megan McCain, University of Southern California.
Primary Endorser: Cardiovascular Toxicology Specialty Section
Other Endorser(s): Drug Discovery Toxicology Specialty Section; In Vitro and Alternative Methods Specialty Section
There is a crucial need for new technologies that can quickly and reliably predict cardiovascular safety in humans due to drug and
environmental exposure. Development of safe and effective drugs is currently hampered by the poor predictive power of existing
preclinical models that often lead to failure of drug compounds late in their development, after they enter human clinical trials. Given the
tremendous cost of drug development and the long timelines involved, as well as the need for evaluation of emerging environmental
pollutants, the development of new technologies such as in silico platforms and novel in vitro platforms have the potential to provide
more translational and human predictive models for cardiac toxicity. This Symposium will highlight innovative approaches to developing
much-needed new toxicological methods for evaluation of cardiotoxicity beyond electrophysiology and arrhythmia. This Symposium
brings together key experts from the fields of machine learning and artificial intelligence, microphysiological systems/organ-on-chips,
and engineered cardiac tissues/precision medicine. They will highlight and discuss the advantages and challenges inherent in new innovative tools being applied toward identification and characterization of cardiotoxicity, in healthy and disease states, in pharmaceutical
development and environmental safety.
Introduction. Anthony Bahinski, GlaxoSmithKline plc, Collegeville, PA.
Novel Platforms to Interrogate Cardiac Physiology and Drug-Induced Changes in Contractility Using hiPSc-CM. 
Khuram Chaudhary, GlaxoSmithKline plc, Collegeville, PA.
Engineering Functional Cardiac Microtissues for Human Disease Modeling and Drug Screening. Megan McCain, University
of Southern California, Los Angeles, CA.
Cardiac Contractility In Vitro: From Patient-Specific to Air Pollution Studies. Anna Grosberg, University of California Irvine,
Irvine, CA.
Using Weighted Gene Coregulation Network Analysis (WGCNA) to Decipher Temporal Dynamics in Cardiotoxicity. 
Arif Rahman, NIEHS/NTP, Morrisville, NC.
Evaluation of In Vitro Structural Cardiotoxicity Using Deep Neural Networks. Mahnaz Maddah, Dana Solutions LLC,
Palo Alto, CA.
Panel Discussion/Q&A.
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Tuesday, March 17, 1:30 PM to 4:15 PM

Symposium Session: TaRGET II Consortium: Elucidating Epigenetic
Responses to the Environment across Target and Surrogate Tissues
Chair(s): Dana Dolinoy, University of Michigan; and Rosonald Bell, Epizyme Inc.
Primary Endorser: Molecular and Systems Biology Specialty Section
Other Endorser(s): Mechanisms Specialty Section; Occupational and Public Health Specialty Section
It is increasingly recognized that exposures to chemicals affect health and disease not only by mutating genes, but also by modifying
the epigenome, alterations to DNA that are mitotically heritable and lead to disease when deregulated. Thus, the US National Institute
of Environmental Health Sciences (NIEHS) established the multi-phased Toxicant Exposures and Responses by Genomic and Epigenomic
Regulators of Transcription (TaRGET) Program to identify epigenetic mechanisms that drive environmentally induced disease susceptibility. The second phase of the program, the TaRGET II Consortium, was established in 2016 and utilizes mouse models to evaluate when
surrogate sources of DNA can be used in epigenetic epidemiology studies of human exposures and disease risk. Target tissues are those
directly affected by environmental exposures (e.g., the brain by lead), while surrogate tissues are those that are easily accessible (e.g.,
blood). Epidemiology studies typically generate epigenetic data using surrogate tissues, but it is unknown whether associations with
environmental factors observed in these surrogates correlate with those occurring in the tissues targeted by toxicants. Using perinatal
exposure models of seven representative toxicants (lead, arsenic, air pollution [PM2.5], bisphenol A, tributyltin, dioxin, and di(2-ethylhexyl)
phthalate), TaRGET II is generating epigenetic signature data in target and surrogate tissues and isolated cell populations at three life
stages in mice. Epigenomic data include chromatin assembly via ATAC-seq, DNA methylation via whole genome bisulfite sequencing,
and transcriptomics via RNA-seq. Through a series of talks discussing both individual and multiple perinatal exposures, the purpose of
this Symposium is to familiarize the toxicological community with the consortium and discuss the impacts of these integrative analyses
on the field of toxicoepigenetics. TaRGET II data are made publicly available and will enable further refinement of the design and analysis of human studies where target tissues are inaccessible and provide insight into epigenetic mechanisms behind the developmental
origins of health and disease.
Overview and Goals of the TaRGET II Consortium. F rederick Tyson, NIEHS, Research Triangle Park, NC.
Integrated Analysis of Consortium-Wide Chromatin Structure and Gene Expression. Bo Zhang, Washington University in
St. Louis, St. Louis, MO.
Imprinted Genes: Vulnerable Targets for Multiple Environmental Exposures? Marisa Bartolomei, University of Pennsylvania
Perelman School of Medicine, Philadelphia, PA.
Perinatal Exposure to Lead and Phthalates Results in Altered DNA Methylation in Adult Mouse Liver and Blood:
Implications for Target versus Surrogate Tissue Use in Environmental Epigenetics. Laurie Svoboda, University of Michigan,
Ann Arbor, MI.
Systemic Effects of Perinatal Air Pollution and Arsenic Exposure on Target and Surrogate Tissues. S hyam Biswal, Johns
Hopkins University, Baltimore, MD.
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Tuesday, March 17, 1:30 PM to 4:15 PM

Workshop Session: Genetic Mutations of Manganese Transporters: Clinical
Presentation and Neurotoxicity
Chair(s): Somshuvra Mukhopadhyay, University of Texas at Austin; and Tomás Guilarte, Florida International University.
Primary Endorser: Neurotoxicology Specialty Section
Other Endorser(s): Metals Specialty Section
Manganese (Mn) is an essential metal, but even modest increases in brain Mn concentrations induce severe neurological effects.
Historically, as early as 1837, Mn neurotoxicity has been associated with elevated exposure in occupational settings, resulting in parkinsonian-like movement disorder with dystonia. More recent studies suggest that children exposed to elevated Mn from environmental
sources such as drinking water also develop neurological effects that manifest as fine motor control, emotional, cognitive, and intellectual
deficits. Further, it also is now appreciated that exposure to elevated Mn during developmentally critical early periods may permanently
change the trajectory of neurodevelopment and induce lifelong neurological dysfunction. Moreover, Mn is excreted in bile and feces.
Patients with hepatic dysfunction, due to alcoholic cirrhosis, fail to excrete Mn, accumulate Mn in the brain, and develop neurological deficits. Overall, Mn neurotoxicity is a public health problem of global proportions. Therefore, understanding the mechanisms of
Mn homeostasis and the neuropathophysiology of Mn-induced neurological dysfunction is an essential step in developing effective
treatment strategies. Over the last decade, our understanding of Mn homeostasis and neurotoxicity has been revolutionized by the
discoveries of three genetic disorders of Mn metabolism that induce neurotoxicity or deficiency. The first disorder was described in 2012,
when homozygous mutations in SLC30A10 were reported to cause Mn-induced neurological disease. Two other genetic disorders were
subsequently described—mutations in SLC39A14 also were reported to cause Mn neurotoxicity, and mutations in SLC39A8 to cause Mn
and Zn deficiency. These genes code for critical metal transporters that regulate systemic uptake (SLC39A8) or excretion (SLC39A14 and
SLC30A10) of Mn. Studies of the biology of these transporters and of the underlying genetic diseases are transforming our understanding
of Mn homeostasis, detoxification, and neurotoxicity. This session will bring together leading experts in the field and present a cohesive
overview of the current state of knowledge in the field. Five presenters will discuss innovative new discoveries from their laboratories.
Dr. Mukhopadhyay discovered the function of SLC30A10 and will present on how SLC30A10 and SLC39A14 cooperatively regulate Mn
levels in the body by excreting Mn. Dr. Gospe identified the first patient with mutations in SLC30A10 and will present clinical findings.
Dr. Broberg identified polymorphisms in SLC30A10 and SLC39A8 in the general population and will present on epidemiological associations of these polymorphisms with risks of Mn neurotoxicity. Dr. Knutson discovered the function of SLC39A8 and will present on
the unexpected role of this protein in mediating Mn uptake. Finally, Dr. Guilarte discovered changes in behavior and neuropathology
in SLC39A14 knockout mice and will present on the pathobiology of Mn neurotoxicity due to this mutation. In summary, this session
will encompass fundamental basic science, animal models, and human clinical studies to present a comprehensive understanding of
the latest cutting-edge research in the neurobiology of Mn. The basic science presentations will comprehensively cover the similarities
and differences between results obtained in models systems with observations in human patients. Content will be of interest to other
scientists in the Mn and metal toxicology fields, neuroscientists, and neurologists, as well as to a broader toxicology audience interested
in understanding how gene-environment interactions induce human diseases.
Manganese Excretion and Neurotoxicity: Insights from Rare Genetic Diseases. Somshuvra Mukhopadhyay, University of
Texas at Austin, Austin, TX.
Hereditary Disorders of Manganese Homeostasis: Natural History, Genetics, and Treatment. Sidney Gospe, University of
Washington, Seattle, WA.
Manganese Transporter Genetics Influence the Susceptibility to Environmental Manganese Exposure and
Neurobehavioral Outcomes in Children. Karin Broberg, Lund University, Lund, Sweden.
Novel Roles of ZIP8 (SLC39A8) in Manganese Homeostasis. M
 itchell Knutson, University of Florida, Gainesville, FL.
SLC39A14 Knockout Mice: A Genetic Model to Study Manganese Neurotoxicity. T omás Guilarte, Florida International
University, Miami, FL.
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Tuesday, March 17, 1:30 PM to 4:15 PM

Workshop Session: Mechanisms and Multiple Exposures: Methods to
Tackle Toxicology’s Most Difficult Challenges Using Systematic Review
Frameworks
Chair(s): Andrew Rooney, NIEHS/NTP; and Katya Tsaioun, Johns Hopkins University Bloomberg School of Public Health.
Primary Endorser: Clinical and Translational Toxicology Specialty Section
Other Endorser(s): Occupational and Public Health Specialty Section; Regulatory and Safety Evaluation
Specialty Section
Systematic review approaches are increasingly being adopted for hazard, risk, and safety assessment across many disciplines in toxicology and public health. The European Food Safety Authority (EFSA), National Toxicology Program (NTP), and US Environmental
Protection Agency (US EPA) have all implemented systematic review methods in the conduct of hazard assessments and in some cases
risk assessments for chemicals and foods. Systematic review frameworks provide a rigorous multistep process for identifying, selecting,
critically assessing, and synthesizing scientific literature for reaching evidence-based hazard conclusions on specific research questions.
While systematic review methods are ideal for assessing the evidence that a specific exposure is associated with a specific health effect,
application of these methods to more complex, real-world situations is more challenging. Furthermore, because the relevant data are
from diverse sources and study types, application of systematic review methods to questions in toxicology and environmental health
requires an approach to integrate evidence from human, animal, and mechanistic studies in reaching conclusions. This session will
present approaches that have been utilized to address two principal challenges for use of systematic review methods in toxicology: (1)
integrating evidence across multiple exposures, and (2) integrating evidence from mechanistic data. People are exposed to hundreds
of chemicals every day, and in this context, assessing hazards from exposure to chemicals one at a time is a limiting approach. While
single exposure assessments may be easier to conduct, real-world exposure to chemicals in food or consumer products or through
occupational or general environmental contact involves complex mixtures that are generally at low levels. These challenges are generally
recognized, and although there are efforts to address complex exposures with systematic review methods, few evaluations have been
completed to date. As with the challenge presented by complex exposures, the identification, appraisal, and integration of mechanistic data is one of the most well-recognized challenges in utilization of systematic methods. There are many chemicals with little
to no human or experimental animal toxicology data. In vitro studies that focus on mechanistic endpoints (generally upstream from
phenotypic outcomes) are increasingly available and may be the only toxicology data for many chemicals. The first talk will present an
evaluation of health effects from traffic-related air pollution to demonstrate how the NTP Office of Health Assessment and Translation
(OHAT) Approach for Systematic Review and Evidence Integration can be used to develop hazard conclusions across multiple exposures.
Subsequent presentations will highlight the utility of mechanistic data in facilitating transparent decisions, particularly in scenarios
where mechanistic evidence provides clarity to findings in other evidence streams, extrapolations across species, and filling data gaps
traditionally assessed by experimental animal assays. The next presentation will highlight lessons for addressing environmental health
questions from the pharmaceutical industry’s decade-long experience qualifying and using the mechanistic data in decision-making
and predicting adverse events in the absence of human data. A strategy for evidence integration using systematic review methods that
relies on mechanistic data on the estrogenicity of alkylphenols is presented in a read-across context to reach decisions on alkylphenols
with little toxicity data. This will include mapping of multiple levels of data across adverse outcome pathways ranging from initiating
events, such as receptor binding, to apical outcomes, such as tissue and organ changes in functionality. Finally, several case studies will be
presented that highlight the role of exposure considerations within the application of systematic review approaches for the identification,
assessment, and integration of mechanistic evidence in human health assessments. The case studies will illustrate integration of multiple
categories of mechanistic information, including data on initiating and key events from in vivo and in vitro studies, use of ToxCast/Tox21
high-throughput studies, and synthesis of mechanistic data across multiple species, including humans. Collectively, this session will
demonstrate current progress and remaining challenges in assessing real-world, complex exposures and utilizing mechanistic data in
systematic assessments of hazard and risk. The presentations focus on case examples where exposure and mechanistic data challenges
have been addressed. Recognizing that major challenges remain in conducting systematic reviews where the relevant studies are dominated by mechanistic data and complex exposures, the speakers will be asked to highlight principal challenges and identify potential or
emerging solutions during the panel discussion to close the session.
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Introduction and Brief Overview of How Multiple Exposures and Mechanistic Data Remain Challenges for Systematic
Reviews. Andrew Rooney, NIEHS/NTP, Research Triangle Park, NC.
Using Systematic Review to Reach Hazard Conclusions across Multiple Exposures. B randiese Beverly, NIEHS/NTP, Research
Triangle Park, NC.
Mechanistic Safety Tests in Decision-Making in the Absence of Human Data: Using a Systematic Review Framework. 
Katya Tsaioun, Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD.
Evidence Mapping and AOP-Based Integration Strategies to Support Read-Across Hypotheses in Chemical Risk
Assessment: A Case Study on Estrogenicity of Alkylphenols. K aty Goyak, ExxonMobil Biomedical Sciences Inc., Annandale, NJ.
Case Study Applications in the Identification, Assessment, and Integration of Mechanistic Evidence in Human Health
Assessments: Consideration of Exposure in Developing Weight of Evidence Conclusions. Daniele Wikoff, ToxStrategies Inc.,
Asheville, NC.
Panel Discussion. A
 ndrew Rooney, NIEHS/NTP, Research Triangle Park, NC.
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Wednesday, March 18, 8:00 AM to 10:45 AM

Symposium Session: Immunosuppressive and Anti-inflammatory Activity
of Cannabis and Cannabinoids: Adverse or Therapeutic?
Chair(s): Norbert Kaminski, Michigan State University; and Barbara Kaplan, Mississippi State University.
Primary Endorser: Immunotoxicology Specialty Section
Cannabis is currently the most widely used illicit drug in the US, with an estimated 35 million regular users, or people using cannabis
more than twice a month. In addition, medicinal cannabis and cannabinoid-based therapeutics have been gaining prominence, with
33 states, four (out of five) permanently inhabited US territories, and the District of Columbia having legalized medical marijuana as of
January 2019. Cannabinoids are a family of more than 60 structurally related compounds initially identified in Cannabis sativa. Certain
cannabinoids, including the primary psychotropic congener ∆9-tetrachydrocannabinol, are widely established as possessing immune
modulating activity. Over four decades of investigation have revealed that virtually every immune cell type responds to modulation by
cannabinoids. The biological activity of cannabinoids is mediated primarily, but not exclusively, through two G-protein coupled receptors
termed cannabinoid receptors (CB1 and CB2). CB1 is expressed primarily in the CNS but can be found in most peripheral tissues, including
immunocompetent cells. CB2 is found primarily in the periphery, with the exception of microglial cells, and is expressed most notably by
immune cells. The identification and cloning of CB1 and CB2 led to the discovery of endogenous cannabinoids and the endocannabinoid
system, which appears to influence a diversity of physiological processes, including immune responses. The widespread recreational use
of cannabis (legal in 11 states and DC) has raised concerns for adverse effects. By contrast, cannabinoid receptors, and in particular CB2,
represent potential therapeutic targets. The goal of this session is to discuss both the potential adverse as well as the therapeutic aspects
associated with cannabinoid-mediated immune modulation in specific contextual settings based on experiments performed in animal
and human model systems. The Symposium will begin with an introduction to cannabis and cannabinoids, followed by presentations
that address the role of cannabinoid receptors in NK cell and innate lymphoid type 2 (ILC2) cell responses to an airway allergen; the
effect of cannabinoids on the gut microbiome and downstream immunological consequences; the ability of cannabidiol, a nonpsychotropic cannabinoid that was recently US Food and Drug Administration approved for epilepsy, to inhibit immune responses in the
periphery to attenuate autoimmune disease; and cannabinoid-mediated suppression of immune responses implicated in HIV-associated
neuroinflammation. After this session, attendees will have a better understanding of the underlying biology of immune modulation by
cannabinoids with respect to both adverse as well as potential therapeutic applications.
History of Cannabis Use and Introduction to Cannabinoids. A. Wallace Hayes, University of South Florida, Temple Terrace, FL.
CB2 Receptors Impact the Development of Allergic Airway Inflammation. Zeina Jaffar, University of Montana, Missoula, MT.
Cannabinoid-Induced Changes in Gut Microbiota and Suppression of Inflammation. Mitzi Nagarkatti, University of South
Carolina, Columbia, SC.
Cannabidiol Suppresses IFN-γ Production and Neuroinflammation in the EAE Model. Barbara Kaplan, Mississippi State
University, Mississippi State, MS.
Cannabinoids Suppress Immune Responses Implicated in HIV-Associated Neuroinflammation. Norbert Kaminski, Michigan
State University, East Lansing, MI.
Panel Discussion/Q&A.
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Wednesday, March 18, 8:00 AM to 10:45 AM

Symposium Session: Resolution of Inflammation in Chemical Toxicity/
Tissue Injury: What’s Emerging?
Chair(s): Kymberly Gowdy, East Carolina University; and Srikanth Nadadur, NIEHS.
Primary Endorser: Comparative Toxicology, Pathology, and Veterinary Specialty Section
Other Endorser(s): Immunotoxicology Specialty Section; Inhalation and Respiratory Specialty Section
Inflammation is a rapid and dynamic protective response to injury or infection. It involves a sequential accumulation of phagocytic
neutrophils and macrophages derived from blood and bone marrow precursors at sites of injury/infection. The goal of the inflammatory
response is to rid the body of pathogens, foreign materials, dead and dying cells, and debris and to restore normal tissue structure
and function. Complete resolution of the inflammatory response and return to homeostasis are essential for restoring healthy tissues.
Increasing evidence suggests that resolution is an active process that involves the downregulation of inflammatory cell recruitment and
activation and the upregulation of cellular processes that drive tissue restoration. Recruitment of inflammatory cells and production of
mediators have been implicated in the toxicity of diverse xenobiotics, whereas few have considered the alterations in the resolution
process. In a number of experimental models, the pathogenic response to xenobiotics is a consequence of an impaired resolution of
inflammation. Additionally, therapeutics that promote the resolution of inflammation response may limit xenobiotic-induced tissue
injury and the development of chronic disease. The goal of this Symposium is to present new and emerging information on processes
that regulate the resolution of inflammation and the how toxicant exposure alters these pathways. The first three speakers will focus
on inflammatory macrophages as key cellular mediators of xenobiotic-induced pulmonary injury and the role of lipid mediators in
regulating their ability to downregulate inflammation and initiate tissue resolution. The first talk will cover how xenobiotic exposure
impairs macrophage clearance of apoptotic cells, termed efferocytosis, and its restoration by specialized pro-resolving mediators (SPMs),
while the second talk will present on the role of lipid related transcription factors (FXR, PPARg) and downstream lipid transport genes
(CD36, ApoE, ABCA1) as regulators of macrophage anti-inflammatory/wound repair activity in lung injury. The third talk will specifically
focus on oxidized lipids and nitric oxide as regulators of necro-inflammatory cell death pathways in macrophages, including ferroptosis
during inflammatory resolution. The next two talks will present the latest experimental and clinical approaches that are being tested
for preventing and resolving toxicant-induced inflammation and injury in the lung; these include endogenous epoxyfatty acids, SPMs,
and nitro-fatty acids. From this Symposium, the audience will gain knowledge about tools and technologies for assessing inflammation
resolution, translational potential of intervention strategies, and research gaps and needs.
Introduction. Kymberly Gowdy, East Carolina University, Greenville, NC.
Evolving Concepts in Inflammation Resolution and Future Opportunities. S rikanth Naddadur, NIEHS, Research Triangle
Park, NC.
Mechanisms Mediating Perturbations in Alveolar Macrophage Efferocytosis following Exposure to Toxicants. 
Kymberly Gowdy, East Carolina University, Greenville, NC.
Macrophage Phenotype and Inflammation in Lung Injury and Resolution: Role of Lipid Metabolism. Debra Laskin, Rutgers,
The State University of New Jersey, Piscataway, NJ.
Regulation of Macrophage Programmed Death in Inflammation by Redox Lipid Signaling. V alerian Kagan, University of
Pittsburgh, Pittsburgh, PA.
Endogenous Epoxyfatty Acids Prevent and Resolve Inflammation by Stabilizing Mitochondria and Reducing Pathological
Endoplasmic Reticulum Stress. C hristophe Morisseau, University of California Davis, Davis, CA.
The Road from Bench to Bedside: The Clinical Development of the Nitro Fatty Acid CXA-10. D
 iane Jorkasky, Complexa,
Berwyn, PA.
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Wednesday, March 18, 8:00 AM to 10:45 AM

Symposium Session: Single Cell Technologies: A Potentially Transformative
Tool for Toxicology
Chair(s): Sudin Bhattacharya, Michigan State University; and Justin Colacino, University of Michigan.
Primary Endorser: Molecular and Systems Biology Specialty Section
Other Endorser(s): Association of Scientists of Indian Origin Special Interest Group; Stem Cells Specialty Section
Single cell genomics and epigenomics have been among the breakthrough biological technologies of the last few years. These methods
provide detailed views of living systems at unprecedented resolution and bypass the problems associated with averaging over heterogeneous cellular responses in bulk assays. Some spectacular successes of single cell RNA sequencing (scRNA-seq) include cell-by-cell
reconstruction of transcriptomic atlases of xenopus and zebrafish embryos, along with ambitious undertakings like the Human Cell
Atlas to map the transcriptomes of all cell types in the human body. This timely and topical Symposium will provide an overview of the
capacities and limitations of current single cell technologies and describe cutting-edge applications of single cell methods in detecting
perturbations in cellular state in health and disease, including identification of rare and altered cell types. The presenters will explore
the role of single cell transcriptomic profiling in revealing phenotypic heterogeneity among breast cancer stem cells, mapping alterations in the developmental trajectory of early germ cells subject to environmental insult, discovery of a novel subpopulation of alveolar
macrophages in an animal model of asbestos-induced pulmonary fibrosis, and identification of an altered effector CD8 T lymphocyte
population in smokers. Overall, the presentations in this Symposium will introduce the field of single cell ’omics and provide a snapshot
of the first generation of applications of these novel technologies in toxicology.
Introduction. Sudin Bhattacharya, Michigan State University, East Lansing, MI.
Dissecting Complex Systems with Multidimensional Single Cell Data. Grace Zheng, Arsenal Biosciences,
South San Francisco, CA,
Single Cell Profiling to Characterize Breast Stem Cell Heterogeneity in Development and Cancer. Justin Colacino, University
of Michigan, Ann Arbor, MI.
Understanding Environmental Impact on Germ Cell Differentiation Trajectories Using scRNA-Seq. Patrick Allard, University
of California Los Angeles, Los Angeles, CA.
Single Cell Transcriptomics Identifies Key Cellular Players in an Animal Model of Asbestos-Induced Pulmonary Fibrosis. 
Nikita Joshi, Northwestern University, Chicago, IL.
Single Cell RNA Sequencing Reveals Altered Effector CD8 T Lymphocytes in Smokers. S uzanne Martos, NIEHS, Research
Triangle Park, NC.
Panel Discussion/Q&A.

Innovations in Applied Toxicology

Innovations in Toxicological Sciences
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Workshop Session: Applying Modern Toxicology to Dietary Supplements
with Ancient Roots: Botanical Safety in the 21st Century
Chair(s): Cynthia Rider, NIEHS; and Sibyl Swift, US FDA/CFSAN.
Primary Endorser: Regulatory and Safety Evaluation Specialty Section
Other Endorser(s): Mixtures Specialty Section
Botanical dietary supplements are consumed by millions of people globally, with tens of thousands of products available in the US marketplace. Ensuring the safety of these products is an important public health priority. However, evaluating their safety can be challenging
due to the inherent complexity and significant variability in composition and quality, including the possibility of contamination and adulteration. Furthermore, the bioactive constituents in botanicals are often unknown, necessitating toxicological evaluation of the whole
mixture. While there have been significant advancements in the development of new approach methodologies (NAMs) for read-across
and screening/prioritization of single chemicals, there has been much less attention focused on adapting and evaluating these methods
for application to complex mixtures. Botanical dietary supplements offer a unique opportunity for exploring the extension of NAMs to
complex mixtures and building confidence in their application to a risk evaluation context. Toward this goal, there are several key areas
that require attention. First, it is necessary to understand the current regulatory landscape for botanicals (i.e., What is the historical context
and what are the current approaches being used to ensure product safety?). Next, an overarching challenge in evaluating botanicals is
their complex chemistry. Therefore, defining the level and nature of non-targeted and targeted chemical analysis necessary for complex
mixture characterization is critical. In terms of hazard characterization, identifying the critical endpoints and assays to include for safety
evaluation is an important first step. This effort requires identifying likely biological targets of botanical toxicity (e.g., toxicity signals
in adverse event reporting and animal studies) and evaluation of fit-for-purpose NAMs. Finally, to build confidence in any NAM-based
safety assessment, it is critical to build orthogonal datasets to compare NAM results with toxicity observed in animal models and humans.
Research efforts in each of these key areas will be highlighted by speakers with diverse perspectives.
Introduction. Cynthia Rider, NIEHS/NTP, Research Triangle Park, NC.
Applying Modern Toxicology to Botanical Dietary Supplements. S ibyl Swift, US FDA/CFSAN, College Park, MD.
Chemical Analysis: The Foundation of Botanical Safety. J oshua Kellogg, Pennsylvania State University, State College, PA.
Developing and Applying In Vitro Liver Models to Address Potential Hepatotoxicity of Botanical Dietary Supplements. 
Amy Roe, Procter & Gamble, Cincinnati, OH.
Systems Toxicology Approaches to Evaluate Botanical Safety. J oseph Dever, Amway Nutrilite, Grand Rapids, MI.
Challenges and Approaches for Using Animal and Human Data to Evaluate In Vitro Systems in Botanical Safety
Assessment. C ynthia Rider, NIEHS/NTP, Research Triangle Park, NC.
Panel Discussion/Q&A.
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Wednesday, March 18, 8:00 AM to 10:45 AM

Workshop Session: Automation and Machine-Learning Techniques to
Leverage Resources When Conducting a Systematic Review
Chair(s): Vickie Walker, NIEHS/NTP; and Malcolm MacLeod, University of Edinburgh, United Kingdom.
Primary Endorser: Reproductive and Developmental Toxicology Specialty Section
Other Endorser(s): Regulatory and Safety Evaluation Specialty Section; Risk Assessment Specialty Section
Systematic review is a comprehensive, objective, and transparent multistep process to identify, screen, and synthesize primary scientific literature for reaching evidence-based hazard conclusions on specific research questions. Across the field of toxicology, efforts to
apply systematic review methods are gaining momentum, highlighted by regulatory requirements that have been instituted globally
to conduct systematic review in support of safety assessments of chemicals and foods (e.g., the US Environmental Protection Agency
[US EPA] is required to use systematic review methods under the Toxic Substances Control Act [TSCA]). The National Toxicology Program
(NTP), US EPA Integrated Risk Information System (IRIS), and European Food Safety Authority (EFSA) have all implemented systematic
review methods in the conduct of either hazard assessments or risk assessments. As highlighted by the systematic review exposure
summit in April of 2019, there are efforts to take advantage of the increased transparency and rigor of systematic review methods and
apply these techniques to other disciplines of toxicology. However, the principal barrier to greater adoption and innovation of systematic review methods is the level of effort required in an area of fast-paced research and publication. Conducting a systematic review
is time-consuming and resource intensive. Effort depends on the size of the evidence base, but on average, systematic reviews can
take more than 1,000 hours to complete and can cost over $100,000 USD. This cost varies according to the number of questions being
addressed and the amount of literature to evaluate. Further, by the time a systematic review is published, those data can be outdated,
and thus perhaps not useful for rapid decision-making. Many of the steps of the systematic review process have the potential to utilize
automated or semiautomated approaches; in fact, considerable progress has been made and additional work is underway to automate
steps in the review process. Advances in natural language processing, text mining, and machine learning have produced new algorithms
that assist with screening and significantly reduce the manual screening burden of large systematic reviews. Automation advances in
the SR process require the skills and knowledge of a variety of experts, such as information specialists, developers, software engineers,
statisticians, artificial intelligence experts, and researchers from various disciplines who conduct SRs. Given the increasing volume of
published studies, automation and semiautomation of labor-intensive steps in the review process have great potential to improve the
speed of systematic review and reduce the workload and resources required without compromising the rigor and transparency that
are critical to the method. In this Workshop, speakers will introduce the concept of automation or semiautomation in the various steps
of the systematic review process and highlight their utility and limitations in reducing the time and resources required to conduct a
SR. The session will begin with an overview of basic systematic review principles and a brief description of why systematic review is
valuable and impactful to environmental health risk assessments. In addition, a brief introduction to the methods involved in the process
and discussion of various steps that are resource or time intensive will be presented. After the introduction, presentations will focus
on the individual tasks of screening, data extraction, and risk of bias in the systematic review process and introduce current thoughts
and approaches to developing and implementing automated or semiautomated tools to aid in the systematic review process. The final
presentation will address the importance of generating training sets to develop gold standard corpora and performance benchmarks for
future methods development and evaluation. Collectively, this Workshop will demonstrate current progress and challenges in development and implementation of automation and semiautomated tools and approaches for the labor-intensive tasks of the systematic review
process. The Workshop will conclude with a panel discussion where the speakers, who represent industry, academia, and government,
will discuss how current advancements and challenges can shape the future development of automation tools to support the systematic
review process and impact the time, cost, and resource burden of conducting systematic reviews that support decision-making in environmental toxicology risk assessment and hazard identification.
Introduction. Vickie Walker, NIEHS/NTP, Research Triangle Park, NC.
Brief Overview of Systematic Review Methodology and Identification of the Labor-Intensive Tasks Suitable for
Automation Approaches. Vickie Walker, NIEHS/NTP, Research Triangle Park, NC.
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SWIFT-Active Screener: Accelerated Document Screening through Active Learning and Integrated Recall Estimation. 
Ruchir Shah, Sciome LLC, Durham, NC.
Semiautomated Data Extraction to Reduce Extraction Time While Maintaining Quality and Reproducibility. Zhiyong Lu,
NIH, Bethesda, MD.
Semiautomated Approaches to Assess Risk of Bias (Study Quality). Malcolm MacLeod, University of Edinburgh, Edinburgh,
United Kingdom.
 rtur Nowak, Evidence Prime,
If You Can’t Measure It, You Can’t Improve It: On the Importance of Benchmark Datasets. A
Kraków, Poland.
Panel Discussion. M
 alcolm MacLeod, University of Edinburgh, Edinburgh, United Kingdom.

Wednesday, March 18, 8:00 AM to 10:45 AM

Workshop Session: In Vitro Microphysiological Systems: Developing Tools
to Evaluate Immunotoxicity of Drug Candidates
Chair(s): Nikki Marshall, GlaxoSmithKline plc; and Anthony Bahinski, GlaxoSmithKline plc.
Primary Endorser: Immunotoxicology Specialty Section
Other Endorser(s): Drug Discovery Toxicology Specialty Section; In Vitro and Alternative Methods Specialty Section
There is a crucial need for new technologies that can reliably predict drug safety and efficacy in humans in preclinical studies. Advances
in bioengineering, material sciences, microfabrication, and microfluidics technologies have enabled the development of microphysiological systems that mimic the functional units of an organ. These systems recreate the specialized multicellular architectures, tissue-tissue
interfaces, physicochemical microenvironments, and vascular perfusion necessary to recapitulate organ-level physiology in vitro and
have emerged as key tools that permit the study of human physiology. The more recent development of biomimetic immune organson-chips, or systems incorporating immune components, increases physiological relevance of these models to drug development and
can allow for bidirectional assessment of human immune cell and tissue interactions in a controllable microenvironment. An integrated
immune competent microphysiological platform could further enhance our understanding of disease etiology and fill the critical need
for improved preclinical model systems to predict efficacy, safety, bioavailability, and toxicity outcomes for candidate compounds. This
session will highlight recent advances in system-on-chips models that predict immune-driven toxicities.
Introduction: Brief Overview and Industry Perspective. Nikki Marshall, GlaxoSmithKline plc, Collegeville, PA.
Human Bone Marrow Dysfunction Recapitulated In Vitro Using Organ-Chip Technology. David Chou, Wyss Institute for
Biologically Inspired Engineering at Harvard University, Boston, MA.
A Foreign Body Response-on-a-Chip Platform. Ali Khademhosseini, University of California Los Angeles, Los Angeles, CA.
Application of Immunocompetent Microphysiological Systems in Drug Development. Reyk Horland, TissUse GmbH,
Berlin, Germany.
In Vitro Microphysiological Systems: Advancing Regulatory Science through Innovation. S uzanne Fitzpatrick, US FDA,
College Park, MD.
Panel Discussion. Anthony Bahinski, GlaxoSmithKline plc, Collegeville, PA.
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Wednesday, March 18, 8:00 AM to 10:45 AM

Workshop Session: Sex, Lungs, and Air Pollution
Chair(s): Meghan Rebuli, University of North Carolina at Chapel Hill; and Robert Tighe, Duke University.
Primary Endorser: Inhalation and Respiratory Specialty Section
Other Endorser(s): Clinical and Translational Toxicology Specialty Section; Women in Toxicology Special Interest Group
The National Institutes of Health (NIH) recently mandated that sex be considered a biologic variable in animal and clinical research. Recent
focus on sex-dependent biologic effects in toxicology has translated into new discoveries of sex differences in pulmonary responses
to respiratory toxicant exposures, such as tobacco and wildfire smoke, ozone, and ambient air pollution. As the effects span multiple
models, it suggests common mechanisms that should be highlighted and considered when evaluating respiratory toxicant exposure.
This session will explore recent innovative research on sex-dependent pulmonary effects of air pollution. The first speaker will introduce the biology behind the development of respiratory sex differences and its importance for regulatory and safety considerations.
Differences in susceptibility to disease, morbidity, and mortality related to respiratory sex differences will be described. For example,
asthma prevalence rates are higher in boys than in girls, but this pattern reverses at the onset of puberty, and reverses again following
the onset of menopause. The speaker will also review sex differences in nonclinical respiratory toxicology research models and how they
contribute to regulatory decisions regarding human safety and risk assessment. The next talk will discuss the impact of in utero secondhand smoke (SHS) exposure on the development of cancers later in life and their sex dependence. Though it is well established that SHS
exposure contributes to lung disease–related deaths, the onset and progression demonstrates sex specificity. This speaker will illuminate
possible mechanisms, including genetic or hormonal influences, for these sex-specific responses using a rodent model of SHS exposure
and urethane-induced tumorigenesis. Overall, SHS exposure in utero promotes metastasis in females through matrix remodeling, while
promoting large tumors in males. The third speaker will describe sex-specific patterns of inflammation and airway hyperresponsiveness
(AHR) in ozone exposure that impair lung innate immunity. The findings suggest that fluctuations of circulating hormone levels affect
ozone-induced inflammatory responses. In this study, male and female mice underwent gonadectomy and hormone replacement prior
to ozone exposure. After exposure, male mice displayed higher AHR than controls, while in females, AHR was reduced, both of which
were ameliorated by hormone replacement. Together, these results indicate that sex hormones can modulate ozone-induced inflammation and AHR in adult mice. The fourth speaker will discuss how wood and biomass smoke impacts respiratory and immune function in
primates across the life span. Wildfire events are a growing public health concern with the potential to increase cardiac and respiratory
disease burden. However, little is known about the long-term effects of acute wildfire smoke inhalation. The speaker will report on recent
research on the health of ambient wildfire smoke–exposed primates. Sex-specific responses in lung and immune function throughout
the primate life span were observed. At infancy, females showed reduced lung compliance, which persisted into adulthood. These findings suggest that exposure age and sex enhance vulnerability to long-term health outcomes following exposure to wildfire smoke. The
fifth speaker will describe how in utero exposure to ambient air pollutants in combination with prenatal stress can induce sex-specific
respiratory outcomes in epidemiologic studies. Using epidemiological data, the speaker will describe how prenatal ambient pollution
exposure and stress can sex-specifically modify children’s respiratory outcomes. The speaker also will identify critical windows of developmental exposure, which result in adverse respiratory outcomes. This highlights that in humans, similar to other model systems, there
are sex-specific windows of vulnerability and adverse outcomes of exposure to respiratory toxicants. Finally, there will be a scheduled
panel discussion on how sex-specific findings in respiratory toxicant exposures influence funding, risk and safety assessments, and standard setting. This discussion will help define best practices for inclusion of sex as a biological variable in toxicity testing from cell culture
to epidemiology. Presenters and Chairs who are from industry and academia, MDs and PhDs, junior and senior investigators, diverse in
sex, race, and ethnicity, from across the US and Canada, and studying a variety of model systems will provide diverse perspectives on this
issue. In summary, this Workshop will provide an overview of some of the sex-specific responses to respiratory toxicants and potential
mechanisms elucidated from multiple models and a variety of respiratory toxicants.
Introduction. Meghan Rebuli, University of North Carolina at Chapel Hill, Chapel Hill, NC.
Influence of Sex and Sex Hormones on Lung Function and Disease: Research, Risk, and Regulatory Insights. Jeffrey Card,
Intertek Group plc, Mississauga, ON, Canada.
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Murine In Utero Secondhand Smoke Exposure Promotes Urethane-Induced Lung Tumors in Males and Metastases in
Females via Extracellular Matrix-Remodeling. A
 lexandra Noël, Louisiana State University, Baton Rouge, LA.
The Role of Gonadal Hormones in Sex-Specific Lung Inflammatory Response to Ozone. Patricia Silveyra, University of North
Carolina at Chapel Hill, Chapel Hill, NC.
Sex-Dependent Health Impacts of California Wildfire PM2.5 across the Life Span. L isa Miller, UC Davis School of Veterinary
Medicine, Davis, CA.
Disentangling Effects of In Utero Exposure to Ambient Air Pollutants, Prenatal Stress, and Fetal Sex on Respiratory
Outcomes in Epidemiologic Studies. R osalind Wright, Icahn School of Medicine at Mount Sinai, New York, NY.
Panel Discussion/Q&A. Robert Tighe, Duke University, Durham, NC.

Wednesday, March 18, 8:00 AM to 10:45 AM

Regional Interest Session: Protecting Public Health and the Environment
during Wildfire Recovery
Chair(s): Shelley DuTeaux, California Department of Pesticide Regulation; and Shoba Iyer, California Environmental
Protection Agency.
Primary Endorser: Occupational and Public Health Specialty Section
Other Endorser(s): Northern California Regional Chapter; Southern California Regional Chapter
California is the only state that mandates cleanup activities following wildfires and assists impacted homeowners via a comprehensive
remediation program. In most states, property owners deal with the destruction left in the wake of a wildfire largely on their own. These
uncoordinated recovery activities have led to questionable and often hazardous ways of dealing with debris and ash, and can result
in a legacy of contamination for affected communities. California emergency response and environmental protection agencies joined
forces in 2007 to develop a coordinated approach to remediating properties impacted by wildfires, which includes expedited removal of
immediate hazards, asbestos abatement, and fire ash and debris removal. This unique and public health–protective approach supports
communities in safely rebuilding. This session will outline the principles underpinning the California model; describe the steps involved
in removing contaminants and clearing properties; present results from ash, air, soil, and water sampling in the aftermath of the fires;
and discuss how public health, occupational health, and the environment are protected along the way. The presentations in this session
will be given by State of California employees who were deployed under the Governor’s Declaration of Emergency to work on wildfire
recovery in Northern and Southern California following the November 2018 Camp and Woolsey wildfires and who will be drawing from
their “boots on the ground” experience.
Introduction. Shelley DuTeaux, California Department of Pesticide Regulation, Sacramento, CA.
Overview: Why a Recovery Program after Wildfires with Urban Interface Is Critical to Protecting Public Health and the
Environment. Lisa Garner, California Environmental Protection Agency, Sacramento, CA.
Fire Ash and Debris Removal: Phases I and II of Wildfire Recovery. L ori Chumney, California Environmental Protection Agency,
Sacramento, CA.
What Is in the Ash and How Do We Keep It from Getting in the Air? Shelley DuTeaux, California Department of Pesticide
Regulation, Sacramento, CA.
Fire Ash and Debris Removal: Quantitation of Success via Confirmation Soil Sampling. S hoba Iyer, California Environmental
Protection Agency, Oakland, CA.
Water, Water Everywhere: Efforts to Protect Drinking Water and Sensitive Aquatic Species. Beckye Stanton, California
Environmental Protection Agency, Sacramento, CA.
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Wednesday, March 18, 11:00 AM to 12:20 PM

Informational Session: Novel Uses of Analytical Platforms for Efficacy/
Safety Biomarker Selection to Improve De-risking of Therapeutics
Chair(s): J. Eric McDuffie, Janssen Research & Development; and Lei Yin, ReproTox Biotech LLC.
Primary Endorser: Clinical and Translational Toxicology Specialty Section
Other Endorser(s): Biotechnology Specialty Section; Drug Discovery Toxicology Specialty Section
Monitoring for drug-induced organ toxicities remains a challenge. A critical gap is the availability of tools to specifically and sensitively
detect changes in the emerging variety of biomarkers. The Critical Path Institute’s Predictive Safety Testing Consortium, industry, and
academic researchers have performed prospective preclinical and clinical studies that reveal the unique challenges and benefits of novel
biomarker detection technologies. Best practices were established to ensure reproducible approaches for identifying gene and protein
expression profile changes in biopsies, single cells, blood, and/or urine samples that define and reveal cross-species concordances.
The most robust platform for analyte measurement depends on the biological matrix and anticipated biomarker context of use. Nextgeneration multiplex instruments and assays have been developed to support microRNA, gene transcript, and protein quantitation.
These tools provide a variety of species-directed high-throughput ribonucleic acid sequencing (RNA-seq) assays and antibodies to
discover and validate biomarkers that distinguish injury to specific organs. The aim of this session is to provide an overview of analytical
platforms, assays, and translational, drug-induced organ-specific biomarkers to support risk assessment.
Introduction. Lei Yin, ReproTox Biotech LLC, Athens, GA.
High Content Image-Based Single Cell Analysis to Identify Adverse Outcome Pathways for Assessing Potential
Reproductive Toxicants Using Advanced In Vitro Models. L ei Yin, ReproTox Biotech LLC, Athens, GA.
Cell and Tissue Gene BodyMaps: Applications of Transcriptome Databases during the Drug Development Process. 
J. Eric McDuffie, Janssen Research & Development, San Diego, CA.
Metabolomics Platforms to Improve Mechanistic Biomarker Selection for De-risking Drug-Induced Liver Injury (DILI). 
Kara Pearson, Merck & Co. Inc., Lansdale, PA.
Quantifying Protein Biomarkers for Drug-Induced Organ Injury across the Species Barrier by Immunoprecipitation
Coupled to Mass Spectrometry (IP–MS). Oliver Pöetz, SIGNATOPE GmbH, Reutlingen, Germany.
Panel Discussion/Q&A.

Wednesday, March 18, 11:00 AM to 12:20 PM

Education-Career Development Session: Next-Generation Toxicologist
Training through Innovative Summer Internships
Chair(s): Lauren Aleksunes, Rutgers, The State University of New Jersey; and Michael Humble, NIEHS.
Primary Endorser: Faculty United for Toxicology Undergraduate Recruitment and Education Committee
Other Endorser(s): Committee on Diversity Initiatives; Education and Career Development Committee
Establishing a pipeline for the next generation of scientists is critical for the advancement and expansion of toxicology. Only a limited
number of students are exposed to toxicology through curricula in typical undergraduate science majors. As a result, immersion experiences, including fellowships and internships, provide intensive training of undergraduates in toxicology. Typically, summer programs
include full-time mentored research in toxicology for up to three months. These experiences cover responsible conduct of research,
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experimental design, literature evaluation, data interpretation, and scientific communication. Cohort experiences that engage multiple
undergraduate students provide the opportunity for networking and other career-directed activities. This session aims to provide fiveminute talks by successful summer program directors and principal investigators from academia, government, and industry that highlight
innovations in undergraduate student engagement in toxicology research. A “blitz” of short talks will provide tangible examples that
individual scientists and programs can apply to designing and developing their own summer research experiences. This session will be
particularly valuable to research advisers, program directors, and near-peer mentors (including graduate students and postdocs). Topics
that will be highlighted include innovation in recruitment, resources, weekly programming, peer-peer networking, faculty training,
diversity and inclusion, field trips, internships in pharmaceutical companies, and social enrichment. Initiatives include pipelines between
liberal arts colleges and research universities, as well as long-term sustainability of programs using sound financial models. Opportunities
for funding summer internships from federal sources, such as the National Institutes of Health, and organizations, including the SOT
internship program, will be reviewed. The second half of the session will include a moderated panel discussion of various approaches to
recruitment, mentoring, team-building, networking, presentation, assessment, matriculation into PhD programs, and long-term tracking.
During the panel discussion, attendees are encouraged to ask questions of successful program directors with deep experience in developing and maintaining successful summer internships.
Introduction. Lauren Aleksunes, Rutgers, The State University of New Jersey, Piscataway, NJ.
Recruiting Strategies for Place-Bound Undergraduates Interested in Environmental Health Science. K aren Watanabe,
Arizona State University, Phoenix, AZ.
“Lunch and Learn” Sessions to Explore Toxicology Research and Careers. Laura Schnackenberg, US FDA/NCTR,
Jefferson, AR.
Treat Them All the Same—Differently! Christine Curran, Northern Kentucky University, Highland Heights, KY.
An Umbrella Program: Braiding External Financial Resources. Shu-Yuan Cheng, John Jay College of Criminal Justice,
New York, NY.
Stepping Out of the Lab: Field Trips to Explore Toxicology. J effrey Field, University of Pennsylvania, Philadelphia, PA.
Social and Scientific Enrichment: Keys to a Successful Summer Research Internship. K enneth McMartin, Louisiana State
University Health Sciences Center Shreveport, Shreveport, LA.
They Don’t Know What They Don’t Know. Christopher Hayden, Novartis Institutes for BioMedical Research, East Hanover, NJ.
Panel Discussion with Presenters. Michael Humble, NIEHS, Research Triangle Park, NC.

Wednesday, March 18, 1:30 PM to 4:15 PM

Symposium Session: Human Stem Cell–Derived Test Systems as
Alternative Approaches for Developmental Neurotoxicity (DNT)
Evaluation: Research and Regulatory Perspectives
Chair(s): Anna Bal-Price, European Commission Joint Research Centre, Italy; and Ellen Fritsche, IUF—Leibniz Research
Institute for Environmental Medicine, Germany.
Primary Endorser: Stem Cells Specialty Section
Other Endorser(s): In Vitro and Alternative Methods Specialty Section; Neurotoxicology Specialty Section
There is consensus between scientific stakeholders from regulatory agencies, academia, and industry calling for a new framework for
regulatory developmental neurotoxicity (DNT) testing based on implementation of alternative approaches relevant to human brain
development. A variety of methods have been developed over the past decade to assess neurotoxicity, developmental toxicity, and
developmental neurotoxicity, based on human biology instead of animals. Stem cell–based methodologies have taken centerplace here.
Although these methods are widely used in research, their implementation within a regulatory context has been slow. This Symposium
will give an overview of the human stem cell–based methods for (developmental) neurotoxicity evaluation, and it will highlight their
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status of regulatory implementation, hurdles encountered on the way there, and strategies to promote their increased use. A pivotal
step for regulatory implementation is confidence building, with respect to the reproducibility, reliability, and relevance of the methods.
To facilitate this process, methods will be regarded as to their position on a quantitative readiness scale developed two years ago in
an international collaboration of regulators and scientists. Requirements for readiness differ for various applications (e.g., for initial
screens to prioritize compounds for further testing versus risk assessment of a final product), and this determines the panels of methods
currently available for the respective regulatory applications. New developments of stem cell–based neuronal/glial in vitro methods will
be discussed in light of their use as alternative in vitro test systems for (D)NT evaluation for different regulatory purposes (screening and
prioritization, hazard identification/characterization, and risk assessment). The ongoing international DNT project under the umbrella
of the OECD and in close collaboration with the European Food Safety Authority, US Environmental Protection Agency and US Food
and Drug Administration, Health Canada, and Japan that aims to develop the OECD Guidance Document on an in vitro battery of DNT
assays’ regulatory application and data interpretation will be presented. Scientists with relevant expertise in basic stem cell research and
regulatory toxicology will present the potentials and limitations of human stem cell–derived neuronal/glial cultures for evaluation of
peripheral and central nervous system (D)NT. Two dimensional (2D) models will be characterized against three dimensional (3D) culture
systems, discussing the implementation of the in vitro battery of assays that permits evaluation of key neurodevelopmental processes.
Furthermore, recent studies in which assembly of organotypic vascular and brain tissues has been explored will be presented, with
emphasis on reproducibility and data transferability. The difference in response of neuronal culture derived from human pluripotent
stem cells to a single chemical and in mixture will be evaluated using in vitro assays anchored to key events identified in the adverse
outcome pathways network relevant to DNT (AOP-Wiki). The session attendees will have a better understanding of the benefits, challenges, and applications of stem cell–derived in vitro models for disease modeling and neurotoxicological studies, with emphasis on DNT
evaluation for regulatory purposes. They will be informed on current international efforts that should soon result in the development of
the first OECD Guidance Document on an in vitro approach to DNT testing.
Differentiation of Human Pluripotent Stem Cells to Specific Neuronal Lineages to Study Windows of Susceptibility and
Lineage-Specific Effects of Toxicants: Perfluoralkyl Substances and Methylmercury. Aaron Bowman, Purdue University,
West Lafayette, IN.
Robust and Scalable Assembly of Human Neurovascular Tissues for Disease Modeling and Discovery. William Murphy,
Forward BIO Institute and University of Wisconsin–Madison, Madison, WI.
Mechanistic Studies of Developmental Neurotoxicity Induced by Exposure to Mixture of Chemicals Using Human In Vitro
Model for Regulatory Purposes. A
 nna Bal-Price, European Commission Joint Research Centre, Ispra, Italy.
Stem Cell–Based Developmental Toxicity Testing of the Peripheral Nervous System in Various Regulatory Contexts. 
Marcel Leist, EU-ToxRisk, Konstanz, Germany.
2D and 3D Stem Cell–Based In Vitro Methods for Assessing DNT: From Basics toward Regulatory Application. 
Ellen Fritsche, IUF—Leibniz Research Institute for Environmental Medicine, Düsseldorf, Germany.

Wednesday, March 18, 1:30 PM to 4:15 PM

Workshop Session: Improving Our Understanding of Toxicant Metabolism
and Cytochrome P450s Using Novel Knockout Models and HighThroughput Methods
Chair(s): Danielle Carlin, NIEHS; and Jed Goldstone, Woods Hole Oceanographic Institution.
Primary Endorser: Mechanisms Specialty Section
Other Endorser(s): Molecular and Systems Biology Specialty Section
The relationship between exposure to environmental chemicals/pharmaceuticals, tissue dose, and toxic mechanism cannot be properly
understood without a thorough understanding of compound metabolism, whether it is bioactivation or detoxification, or somewhere
in between. Specifically, a thorough understanding of the role that the major metabolic enzyme family, the cytochrome P450s (CYPs),
plays in metabolism is needed, as these enzymes are of critical importance in the detoxification of harmful environmental chemicals and
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drugs. CYP enzymes are particularly challenging to study because they may vary in their metabolism of chemicals, they exhibit significant
overlap in substrate specificity between isoforms, and they have large differences in complement and function across species. To add
to these challenges, toxicology is moving toward high-throughput assays in toxicity testing due to the expanding number of chemicals
found in commerce and the environment. In this session, we will examine the state-of-the-science of CYP in metabolism, novel in vitro
and in vivo high-throughput assays, the challenges to implementation of these assays, and the development of various novel knockout
and humanized models to support extrapolation of data from these systems. This session also will highlight future directions for the
application of these systems in intervention and prevention of exposure to harmful environmental chemicals and to accelerate the
prediction of toxicity of novel pharmaceuticals.
Introduction. Danielle Carlin, NIEHS, Research Triangle Park, NC.
The Future of P450 Research: Basic Questions and Practical Applications. F. Peter Guengerich, Vanderbilt University Medical
Center, Nashville, TN.
High-Throughput Screening for Zebrafish Cytochrome P450 Substrates Provides Insight into Enzyme Function. 
Joanna Wilson, McMaster University, Hamilton, ON, Canada.
Cytochrome P450 Knockout Zebrafish in Toxicology. J ed Goldstone, Woods Hole Oceanographic Institution, Woods Hole, MA.
Transgenic Caenorhabditis elegans Models for Studying P450-Mediated Drug- and Toxicant-Induced Toxicity. 
Jessica Hartman, Duke University, Durham, NC.
Novel Knockout Animal Models for Studying P450-Mediated Toxicity. W
 illiam Baldwin, Clemson University, Clemson, SC.
Panel Discussion/Q&A.

Wednesday, March 18, 1:30 PM to 4:15 PM

Workshop Session: New Frontiers in Dynamic Toxicology
Chair(s): John Wambaugh, US EPA; and Kim Anderson, Oregon State University.
Primary Endorser: Exposure Specialty Section
Other Endorser(s): Biological Modeling Specialty Section; Occupational and Public Health Specialty Section
The evolution of toxicity over time has often been characterized with serial observations and models based upon differential equations.
New techniques are becoming available that allow additional insight into the dynamics of toxicology from various perspectives. In addition
to addressing when, the speakers in this session describe tools for understanding who, what, where, how, and/or why chemical toxicity
and exposure may occur to specific, susceptible populations. Depending upon the mechanism of action, windows of susceptibility exist
as part of biological development and aging during which the effect of toxic perturbations may be greatly increased. The timing and
magnitude of chemical exposures add a layer of complexity on top of biology, as exposures are subject to human activities and whims.
Passive samplers can provide a record of exposure to a variety of chemicals over a time interval of activity. Alternatively, exposomics
projects can provide snapshots of diverse biometric and chemical exposure information. Mathematical modeling and dynamic machine
learning can allow inferences to be drawn from both time-integrated and instantaneous information. Affect modeling can help address
the why of human behavior—what drives patterns of product use and chemical co-exposure? Meanwhile, machine-learning methods
for time-series data can draw powerful inferences about what goes on between the sampling intervals. All the new approach methodologies (NAMs) presented can inform modern toxicological assessment of the chemical effects on public health. The Workshop will
conclude with a moderated panel discussion where speakers will address audience questions on how to apply the methods presented
to toxicology. In this session, each speaker will (1) provide example systems, made relevant to toxicologists, in which important aspects
change over time; (2) describe the key challenges in understanding the example systems; (3) characterize which aspects change over
time and which are constant; (4) describe publicly available tools or methods for analysis of their examples; and (5) consider how better
characterization of dynamics can inform toxicology and chemical risk assessment.
Introduction. John Wambaugh, US EPA, Research Triangle Park, NC.
Windows of Susceptibility. Annie Lumen, US FDA/NCTR, Jefferson, AR.
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Time-Integrated Exposures to Identify Chemical Profiles between Healthy and Dysphagic Foals. Brianna Rivera, Oregon
State University, Corvallis, OR.
Air Force Surgeon General’s Total Exposure Health Initiative: At the Intersection of Toxicology and Exposomics. 
Heather Pangburn, US Air Force Research Laboratory, Wright-Patterson AFB, OH.
The Habits and Practices of Beauty: The Technical Truth Underlying Consumer Perception. Kapil Krishan, Procter & Gamble,
Singapore, Singapore.
Modeling, Machine Learning, and Time-Series Data. Ann Pitruzzello, Northrop Grumman Corporation, Morrisville, NC.
Panel Discussion/Q&A.

Wednesday, March 18, 1:30 PM to 4:15 PM

Workshop Session: Parental Cannabis Exposure and Long-Term
Neurobehavioral Deficits in Offspring
Chair(s): Kristen Ryan, NIEHS/NTP; and Edward Levin, Duke University.
Primary Endorser: Clinical and Translational Toxicology Specialty Section
Other Endorser(s): Neurotoxicology Specialty Section; Reproductive and Developmental Toxicology Specialty Section
Recreational and medical marijuana are not recommended for use during pregnancy. However, cannabis use by pregnant women in the
US has increased as much as 62% (2002–2014), with an overall prevalence of use between 3% and 16%. Current human and experimental
evidence suggests that maternal cannabis use during pregnancy is associated with a spectrum of adverse neurological deficits in children or offspring. Similarly, paternal cannabis use causes abnormal epigenetic imprinting on sperm, which could impact development
of the next generation. However, some discrepancies exist in the available data, which could contribute to some confusion among
consumers or a lack of concern related to cannabis use during times of fetal development. In addition, many consumers may not be
aware of the harmful consequences of cannabis use, by either parent, on fetal development as well as long-term effects on neurocognition and behavior. The first speaker will begin the discussion by highlighting the increasing use of cannabis among women during
pregnancy and nursing for pain and nausea as well as among men before conception. Some misconceptions regarding cannabis use
and risk among consumers also will be presented. As a result of increased use, longitudinal studies are linking fetal cannabis exposure
to decreased growth, cognitive impairment, and behavior deficits in children. The second speaker will provide evidence suggesting that
studies performed in rodents mirror clinical findings and allow more in-depth assessments of neurobehavior and associated molecular
phenotypes. Results of various human and animal studies also will be discussed in the context of generating education strategies or
interventions to improve the mental health outcomes of children subjected to cannabis exposure in utero. In addition to maternal exposure, the third speaker in this session will highlight new evidence suggesting that paternal exposure to cannabis before conception also
can impact neurobehavior using preclinical rodent models. A goal of this talk is to link cannabis exposure, changes in DNA methylation,
and subsequent cognitive impairment, as well as to bring awareness to this understudied area of research. The final speaker of the
session strengthens the weight of evidence by linking parental cannabis exposure and adverse effects on neurodevelopment in a third
species (i.e., zebrafish). Use of this complementary model system allows for the assessment of cannabis or its hundreds of components
on development, behavior, and reproduction across multiple generations, which is often a resource-intensive task in rodent models or
human studies. The Workshop will end with an informal deliberation among panel speakers and the audience to (1) review the current
weight of evidence for neurological deficits in children as a result of parental cannabis use during pregnancy, (2) propose strategies for
research data gaps, and (3) discuss communication strategies to highlight risks for consumers. This Workshop brings together experts
across clinical and preclinical research settings, including several non-SOT members with expertise specifically identified to highlight
the state of research regarding parental cannabis exposure and adverse consequences to the developing nervous system. Importantly,
adverse effects on neurobehavior are supported by results across multiple species, including humans, rodent models, and zebrafish,
which emphasizes the need for more toxicological research during critical stages of development.
Introduction. Kristen Ryan, NIEHS/NTP, Research Triangle Park, NC.
Marijuana Use in Pregnancy: Sorting through Hazy Evidence. Torri Metz, University of Utah Health, Salt Lake City, UT.
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Developmental Consequences of Early-Life Cannabis Exposure. Y asmin Hurd, Icahn School of Medicine at Mount Sinai,
New York, NY.
Pre-conception Paternal THC Exposure of Male Rats Causes Long-Term Neurobehavioral Effects in the Next Generation. 
Edward Levin, Duke University, Durham, NC.
Assessing Effects in Zebrafish of Parental Exposure to Delta-9-Tetrahydrocannabinol on Long-Term Neurobehavior and
Aging Phenotypes. K ristine Willett, University of Mississippi, University, MS.
The Public Health Perspective on Prenatal Cannabis Use: What Do the Data Tell Us, and What Are the Data Gaps? 
Elyse Contreras, Colorado Department of Public Health and Environment, Denver, CO.
Panel Discussion/Q&A. 

SOT invites its
sister societies from around
the world to participate in the
Global Gallery of Toxicology.
See page 31 for more information.
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Thursday, March 19, 8:30 AM to 11:15 AM

Symposium Session: Application of RISK21 Framework in
Regulatory-Based Decision-Making: From Business Decisions to
Prioritization to Risk Assessment
Chair(s): Michelle Embry, HESI; and Douglas Wolf, Syngenta.
Primary Endorser: Regulatory and Safety Evaluation Specialty Section
Other Endorser(s): Exposure Specialty Section; Risk Assessment Specialty Section
A risk-based approach should be the basic operating principle for decision-making for chemical prioritization and evaluation. An
exposure-driven assessment for chemicals proposes a paradigm shift in support of a harmonized risk assessment–based regulatory
decision-making. The application of the best available science, via integration of new and traditional data streams, will create a risk-based
prioritization scheme and tailored exposure-driven risk assessments. A common framework of an integrated approach that enhances
efficiency and informs business and risk management decisions that is scientific, transparent, and efficient is available and easy to incorporate into any chemical decision process. The Health and Environmental Sciences Institute (HESI) Risk Assessment in the 21st Century
(RISK21; www.RISK21.org) project was initiated to develop a “scientific, transparent, and efficient” approach to the evolving world of risk
assessment. The RISK21 team developed a framework that reconsiders the way chemical risk assessment information is obtained and
used. It is a problem formulation–based, exposure-driven, tiered data acquisition approach that allows an informed decision on human
and environmental safety to be made when sufficient evidence is available and maximizes the ability to inform decisions and optimize
resource usage. To achieve innovative solutions in risk evaluation, one needs to apply a systematic approach to formulate consistent,
technically robust, and scientifically credible problems that need to be solved. A structured problem formulation approach enables one
to keep focused on describing and evaluating the breadth and depth of the specific problem to be solved, instead of rapidly trying to
create solutions. The application of the framework enables the evaluator to identify key issues and possible approaches to address the
value of available information and make decisions about what, if any, additional information is needed to inform a decision. This problem
formulation–based, exposure-driven, tiered data acquisition approach allows a decision to be made on the sufficiency of available
evidence of safety, business risk, or prioritization across a large group of chemicals. The framework enables the assessment of the value
of available information and deciding what, if any, additional evidence is needed to reach a decision.
High-Throughput Risk-Based Prioritization for Ecological Risk Assessment. J on Arnot, ARC Arnot Research & Consulting,
Toronto, ON, Canada.
Exposure- and Hazard-Driven Prioritization for Evaluation of Chemicals in Canadian Drinking Water. Ivy Moffat, Health
Canada, Ottawa, ON, Canada.
Using the RISK21 Framework as a Tiered Approach for Chemical Risk Assessment: A Proof of Concept. Sandrine Deglin,
HESI, Washington, DC.
Use of RISK21 for Communication of Absolute and Comparative Risks: The Case of Glyphosate Use in Different Countries. 
Angelo Moretto, Università degli Studi di Milano, Milan, Italy.
Application of the RISK21 Framework as a Decision and Communication Support Tool to Inform Project Risk and Business
Decisions in Crop Protection Active Substance Development. D
 avid Cowie, Syngenta, Bracknell, United Kingdom.
Panel Discussion/Q&A.
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Thursday, March 19, 8:30 AM to 11:15 AM

Symposium Session: Chemical Probes in Toxicology: From Defining
Exposures to Identifying Novel Toxicity and Druggable Targets
Chair(s): Jordan Smith, Pacific Northwest National Laboratory; and Aaron Wright, Pacific Northwest
National Laboratory.
Primary Endorser: Mechanisms Specialty Section
Other Endorser(s): Drug Discovery Toxicology Specialty Section; Exposure Specialty Section
As an emerging scientific discipline, chemical biology utilizes synthetic chemical probes to functionally identify and measure reactive
biological molecules such as proteins and nucleic acids. Researchers design and synthesize small molecule chemical probes to functionally target and covalently label enzymes, receptors, and nucleic acids based on catalytic activities and selective affinities. Combined with
fluorescence gel electrophoresis, liquid chromatography-mass spectrometry–based proteomics, and bioinformatics, chemical probe
platforms facilitate rapid and quantitative screening of cells, tissues, and biological fluids from microbes, animal models, and humans.
Compared with conventional transcriptomics and proteomics, chemical probes provide measurements of functional activity rather than
total abundance of transcripts, proteins, or nucleic acids. Thus, chemical probes have recently gained popularity among research toxicologists and drug developers as tools to measure enzymatic activity important in metabolism and identify novel molecular binding targets
of toxicants and drugs. The session will highlight innovative methods using chemical probes in the field of toxicology. The first speaker
will present how chemical probes can measure and predict metabolism and internal dosimetry. This will be followed by a demonstration
on how chemical probes can be used to identify novel targets of organophosphates beyond acetylcholinesterase inhibition. The next
presentations will discuss how chemical probes can reveal chemically induced damage to DNA and resulting mutations and how chemical probes can be used to reveal novel druggable targets and possible toxicity targets. The final speaker will demonstrate how chemical
probe techniques can identify off-target proteins and mechanisms of a fatal experimental drug.
Introduction. Jordan Smith, Pacific Northwest National Laboratory, Richland, WA.
Applying Activity-Based Protein Profiling to Better Measure and Predict Metabolism and Internal Dosimetry. 
Jordan Smith, Pacific Northwest National Laboratory, Richland, WA.
Structure-Dependent Determination of Organophosphate Targets in Mammalian Tissues Using Activity-Based Protein
Profiling. Vivian Lin, Pacific Northwest National Laboratory, Richland, WA.
Chemical Probes to Uncover Genome-Wide Patterns of Chemically Induced DNA Damage and Mutagenesis. S hana Sturla,
Eidgenössische Technische Hochschule Zürich, Zurich, Switzerland.
Utilizing Chemoproteomic Platforms to Elucidate Toxicological Mechanisms. Breanna Ford, US EPA, Research Triangle
Park, NC.
Activity-Based Protein Profiling Reveals Off-Target Proteins of Fatal Experimental Drug BIA 10-2474. M
 ario van der Stelt,
Universiteit Leiden, Leiden, Netherlands.
Panel Discussion/Q&A. 
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Thursday, March 19, 8:30 AM to 11:15 AM

Symposium Session: Express Yourself (or Not . . .): The Nonclinical Safety of
Oligonucleotide Therapeutics
Chair(s): Jessica Sutherland, Alnylam Pharmaceuticals Inc.; and Joseph Senn, Moderna Inc.
Primary Endorser: Regulatory and Safety Evaluation Specialty Section
Other Endorser(s): Clinical and Translational Toxicology Specialty Section; Drug Discovery Toxicology Specialty Section
Oligonucleotide-based therapeutics that utilize nucleic acids to treat a variety of local and systemic diseases are very novel and relatively unknown to the public. This unique class of agents includes antisense oligonucleotides (ASOs), small interfering RNAs (siRNAs),
aptamers, microRNA (miRNA) inhibitors and mimics, and modified messenger RNA (mRNA), which usually require special systems for
delivery to patients and specific safety considerations. In the last 20 years, several ASOs have been approved for the treatment of serious
diseases, including fomivirsen for cytomegalovirus retinitis; mipomersen for homozygous familial hypercholesterolemia; nusinersen for
spinal muscular atrophy; and inotersen for polyneuropathy caused by hereditary transthyretin-mediated (hATTR) amyloidosis. In 2018,
patisiran, the first siRNA therapeutic, was approved for the treatment of polyneuropathy of hATTR amyloidosis. A robust nonclinical and
clinical pipeline features other ASOs, siRNAs, and modified mRNAs designed to treat a variety of systemic and local diseases. The goals
of this Symposium are to provide an update on the current status of the ASO, siRNA, and modified mRNA platforms; their respective
mechanisms of action; their chemistry; and some of the challenges each modality must overcome to enable effective systemic and
localized delivery to target tissues, with an acceptable benefit-to-risk profile. Pharmaceutical development of these agents constitutes
a prime example of bridging cutting-edge research with the established regulatory requirements allowing for clinical testing. Effective
nonclinical safety assessment and the regulatory requirements for evaluating the risks and benefits of these molecules, including
appropriate species selection and determination of safety margins, are of paramount importance in bringing them to the clinic as novel
therapy options to patients. After this session, attendees will have a better understanding of the nonclinical safety characteristics and
development strategies of this important emerging class of oligonucleotide-based therapeutics.
Introduction. Jessica Sutherland, Alnylam Pharmaceuticals Inc., Cambridge, MA.
What Do I Do with All This Data? Mining the Database of 2’-MOE ASO Monkey Toxicology Studies. S cott Henry, Ionis
Pharmaceuticals, Carlsbad, CA.
Nonclinical Safety Assessment of siRNA Therapeutics. Joseph Dybowski, Alnylam Pharmaceuticals Inc., Cambridge, MA.
Delivering on the Promise of mRNA Therapeutics Safely and without Complement. Joseph Senn, Moderna Inc.,
Cambridge, MA.
Oligonucleotide Therapeutics: US FDA Experience and Regulatory Consideration. X uan Chi, US FDA/CDER, Silver Spring, MD.
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Thursday, March 19, 8:30 AM to 11:15 AM

Symposium Session: Identifying and Modeling Gene-Environment
Interactions in Neurological Diseases Associated with Metal Exposure:
Challenges and Recent Advances
Chair(s): Oluwadamilare (Dami) Adebambo, Duke University; and Diane Re, Columbia University.
Primary Endorser: Metals Specialty Section
Other Endorser(s): Molecular and Systems Biology Specialty Section; Neurotoxicology Specialty Section
Epidemiological studies have revealed that the interplay between genetic background and the environment can contribute to disease
onset and severity. Even disorders that are recognized as straightforward Mendelian diseases have been shown to display substantial
phenotypic variability attributable to multifactorial interactions, such as those between genes or the gene and the environment. With
more etiologically heterogeneous disorders such as neurological diseases, these interactions are even more complex and accurately
investigating them in a laboratory setting has proven challenging. To address these problems, the goal of this session is to examine
experimental methodologies that are currently being used in the field to model and investigate the link between genetics and environmental exposures in neurologic diseases. In this context, environmental metal exposure is of particular interest because excessive
metal levels can accumulate in the brain, thereby leading to detrimental intracellular events that can alter neurotransmission and lead
to neurodegeneration. Thus, we will bring together experts to discuss the influence of exposure to metals and particulate matter on
known nonpenetrant genetic mutations in Alzheimer’s disease (AD), amyotrophic lateral sclerosis (ALS), Huntington’s disease (HD), and
Parkinson’s disease (PD) using in vitro, mammalian, and nonmammalian experimental models. Additionally, the panel of presenters were
selected based on their utilization of distinct modeling strategies so as to enrich the discussion with a diversity of perspectives. We will
answer questions such as: How do external environmental factors gain access to the nervous system, alter its elements, and interact
with the genome to generate disease? What experimental mammalian and nonmammalian animal models are available for interaction
modeling? How can we use novel genetic engineering techniques such as CRISPR/Cas9 to generate humanized animal models to better
investigate genetic-environment interactions that can be extrapolated to humans? What constitutes an actual gene exposure interaction
versus additivity of stressors, and can we distinguish between them? Are there phenotypic or disease severity differences based on
timing of exposure? Does aging modulate the effect of metal exposure on neurodegenerative disease onset? After the session, attendees
will have a better understanding of experimental models and tools available for modeling gene-environment interactions in neurologic
diseases and how to circumvent the underlying challenges in implementing these studies. Furthermore, they will gain perspective on
factors for consideration during experimental design, such as timing of exposure and determining susceptibility windows and aspects
of data rigor and reproducibility.
Age- and Manganese-Dependent Modulation of Dopaminergic Phenotypes in a C. elegans DJ-1 Genetic Model of
Parkinson’s Disease. M
 ichael Aschner, Albert Einstein College of Medicine, Bronx, NY.
Utilizing a Knock-In Mouse Model of Disease to Evaluate the Effect of Gene-Environment Interactions on Cognitive
Impairment Associated with Alzheimer’s Disease. Zhengui Xia, University of Washington, Seattle, WA.
Manganese-Induced AKT Signaling Occurs via Direct Effects on Insulin Growth Factor Receptor Signaling and Is Impaired
in Huntington’s Disease. Aaron Bowman, Purdue University, West Lafayette, IN.
Modeling Genuine Gene-Environment Interaction and Not Additivity in Amyotrophic Lateral Sclerosis (ALS):
 iane Re, Columbia
The Dilemma between “Real-World” Exposure/Genetic Makeup and Mouse-to-Human Translation. D
University, New York, NY.
Modeling Gene-Environment Interactions in Manganese Overexposure Using Dopaminergic Cell Culture and MitoPark
Model of Parkinson’s Disease. Jie (Daniel) Luo, PK Biosciences Corporation, Ames, IA.
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Thursday, March 19, 8:30 AM to 11:15 AM

Symposium Session: Protecting the Force: Examining the Hazards of
Military Service from the Bench and the Battlefield
Chair(s): Mark Johnson, Army Public Health Center; and Terra Vincent, US Department of Veterans Affairs.
Primary Endorser: Occupational and Public Health Specialty Section
Other Endorser(s): Inhalation and Respiratory Specialty Section; Metals Specialty Section
It is estimated that more than 20 million US citizens either have served or are currently serving in the military. Therefore, in addition to
preparing a force that is ready to meet future challenges and threats to ensure national security, protecting the health of the service
members and veterans is and must continue to be a national priority. Military service involves a vast and unique set of toxicological
considerations when compared with most occupational settings, which varies for each individual. These include, but are not limited to,
exposures related to the use of military-specific materials, hazards that are characteristic of the duties and/or locations of service (e.g.,
deployments), and the physical consequences of combat. A thorough understanding of the potential impacts of these experiences on
health (both short- and long-term) is required. This information also is vital in preparing for future missions and ensuring the safety of
service members and quality of life of veterans. As representative examples, the speakers in this session will discuss (1) the systemic and
local effects of embedded metal fragments from blast injuries, (2) the identification of subtle respiratory dysfunction related to exposure
to airborne hazards during deployment, and (3) evaluations of toxicity and long-term health implications due to jet fuel exposure. These
topics will highlight some hazards and exposure pathways specific to military personnel, a large population with a unique and complex
occupational environment, carrying out operations to sustain national security, and the challenges involved in maintaining their health
during and after their service.
Introduction. Mark Johnson, Army Public Health Center, Aberdeen Proving Ground, MD.
Tungsten Alloys in Tissue, Biocorrosion, and Tumor Outcome. D
 esmond Bannon, Army Public Health Center, Aberdeen
Proving Ground, MD.
Metal Exposure in Veterans with Embedded Fragments from War-Related Injuries: Exposure Assessment and Surveillance
Outcomes. Joanna Gaitens, University of Maryland School of Medicine, Baltimore, MD.
Small Particles and Small Airways: Large Problems for Deployed Military? Michael Falvo, US Department of Veterans Affairs
War Related Illness and Injury Study Centers, East Orange, NJ.
Breaking the Code: Identifying the Long-Term Health Implications of Occupational Jet Fuel Exposure in Air Force
Personnel Using Military Occupation Codes. Terra Vincent, US Department of Veterans Affairs, Washington, DC.
Review of Inhalation Studies of Alternative Jet Fuels in Rodents for Occupational Exposure Limits. David Mattie, Air Force
Research Laboratory, Wright-Patterson AFB, OH.
Panel Discussion/Q&A.
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Thursday, March 19, 8:30 AM to 11:15 AM

Workshop Session: Cannabidiol Science, Safety, and Societal Impacts:
Where Do We Stand?
Chair(s): Sol Bobst, ToxSci Advisors LLC; and George Corcoran, Wayne State University.
Primary Endorser: Ethical, Legal, Forensics, and Societal Issues Specialty Section
Other Endorser(s): Clinical and Translational Toxicology Specialty Section; Regulatory and Safety Evaluation
Specialty Section
Current market predictions indicate cannabis-derived cannabidiol (CBD) product markets will be over $22 billion by 2022. Because
of large demand and market pressures, several national retailers already selling CBD products to consumers, ignoring current Drug
Enforcement Administration (DEA) and US Food and Drug Administration (US FDA) restrictions on cannabis-derived products. US states
continue to update cannabis legalization laws to align with CBD product popularity and demands from consumers. Federal restrictions
on obtaining and funding cannabis and CBD-related research and commerce have placed significant limitations on the traditional safety
and efficacy characterizations of CBD use in consumer products. This session will present current CBD basic and clinical research, describe
challenges and opportunities for consumer product safety, as well as development of cannabis-derived medical treatments, and lay out
legal, regulatory, and social dilemmas created by the complex landscape of commercialization of cannabis-based products.
Introduction. Sol Bobst, ToxSci Advisors LLC, Houston, TX.
An Overview of the Pharmacology, Toxicology, and Popularity of CBD. Harriet Kamendi, Rx Remedies Inc., Baltimore, MD.
Assessing Toxicity, Mechanisms of Action, and Therapeutic Potential of Cannabidiol Using Zebrafish. Kristine Willett,
University of Mississippi, Oxford, MS.
Cannabidiol: Safety, Monitoring, and Drug-Drug Interactions. T yler Gaston, University of Alabama at Birmingham,
Birmingham, AL.
Cannabidiol: Pain, Pleasure, Potential, and Problems. Donald Fox, Robson Associates LLC, Lancaster, PA.
Cannabidiol Incorporation into Consumer Products in the US: Regulatory Challenges to Commercialization. 
Laura Plunkett, Integrative Biostrategies LLC, Houston, TX.
Panel Discussion/Q&A.

Thursday, March 19, 8:30 AM to 11:15 AM

Workshop Session: Have In Vitro Teratogenicity Assessments Come of Age
in the Pharmaceutical Industry?
Chair(s): Mary Ellen McNerney, Bristol-Myers Squibb Company; and Kimberly Brannen, Merck & Co. Inc.
Primary Endorser: Reproductive and Developmental Toxicology Specialty Section
The earliest reference to in vitro teratogenicity assessment is now 40 years old, and the intervening history of in vitro assays represents
unwavering interest in their ability to detect serious developmental toxicity, most recently while minimizing animal usage. In the pharmaceutical industry, such assays are routinely used to screen compounds for liability in early development; of late, in vitro methods have
been pursued for their potential to defer or replace in vivo regulatory studies in rats and rabbits. This Workshop has been convened to
review the state-of-the-science and to make recommendations for the path forward. After a brief overview of the history of alternative
assays for developmental toxicity, the first speaker will present the experience and perspective of the Dutch Medicines Board with in vitro
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assays, and their place in the 2025 framework to eliminate animal studies. The second speaker will present the Merck experience with rat
whole embryo culture and mouse embryonic stem cell tests, including developing and characterizing an integrated prediction model
that has been used for routine screening for most of the past decade. The third speaker will contribute the perspective of a Center for
Drug Evaluation and Research reviewer on the utility of in vitro teratogenicity assays. The fourth speaker will discuss data collected and
analyzed by the DruSafe/IQ Consortium, comparing findings from 90 compounds that were tested both in vitro and in vivo. Importantly,
this session will segue from presentations into discussion/Q&A among audience members and speakers, with the expectation that the
contributions of many in the audience (whether experts, novices, or data consumers) will lead to a fuller and more nuanced understanding of the ways that such assays can be successfully employed.
Alternative Methods for Developmental Toxicity Testing of Pharmaceuticals: An EU Regulatory Point of View. 
Peter Theunissen, CBG-MEB, Utrecht, Netherlands.
Putting Alternative Developmental Toxicity Assays to Work. K imberly Brannen, Merck & Co. Inc., West Point, PA.
The Role of Alternative Assays in Informing DART Risk Assessment for Pharmaceuticals. R onald Wange, US FDA/CDER,
Silver Spring, MD.
Concordance between In Vitro Teratogenicity Assessments and In Vivo Findings: The IQ DruSafe Assessment. 
Mary Ellen McNerney, Bristol-Myers Squibb Company, New Brunswick, NJ.

Thursday, March 19, 8:30 AM to 11:15 AM

Workshop Session: Immune-Mediated Adverse Drug Reactions: State-ofthe-Art Learnings from Preclinical and Clinical Drug Development
Chair(s): Amy Sharma, Genentech Inc.; and James Monroe, Merck & Co. Inc.
Primary Endorser: Immunotoxicology Specialty Section
Other Endorser(s): Biotechnology Specialty Section
Adverse drug reactions (ADR) are a major cause for attrition resulting in termination of drug development, denied commercialization,
market withdrawal, or restricted prescribing of new pharmaceuticals. Some ADRs are considered predictable as the injury results from
excessive pharmacology at the intended target of the drug. The term idiosyncratic is assigned to ADRs where injury is unrelated to drug’s
mechanism of action and often immune mediated in nature. Immune mediated adverse drug reactions (IM-ADR) represent less than
20% of all ADRs, but they can be severe in clinical terms and have the poorest concordance between man and preclinical species. These
are usually not detected until late in development, after significant investment in development and after large numbers of patients have
been put at risk. Affected patients may present with fever, rash, hematologic abnormalities, or damage to a variety of internal organs.
IM-ADRs can be associated with small molecule–based drugs and are characterized by activation of drug-antigen specific T and B cells
of the acquired immune system. Reactive metabolites covalently bind to proteins that are processed to form neoantigens. Alternatively,
they establish noncovalent interactions on class I or II MHC molecules that lead to immunogenic complexes. Large molecule drugs (e.g.,
monoclonal antibodies) also represent a unique type of risk. Recent clinical reports have highlighted the possibility of increased severity
and incidence of IM-ADRs for specific immune checkpoint inhibitor monoclonal antibodies when given in combination with small
molecule drugs or with other antibody-based immune checkpoint inhibitors. Despite much progress, understanding of the underlying
mechanisms of IM-ADRs is incomplete, and qualified tools for risk assessment are lacking. The goals of this discussion are (1) to bring
together in one session the IM-ADR-related preclinical and clinical development learnings for both small and large molecule drugs as an
attempt to identify synergies between these modalities, and (2) to discuss the state-of-the-art models as well as future approaches and
biomarkers that will enable improved prediction and prevention of IM-ADRs. The first presentation will review the chemistry of small
molecule–based drug antigens and the molecular basis of IM-ADRs mediated by the adaptive immune system. The second presentation
will discuss the role of drug metabolism and the immune biology of skin, a frequent target organ of IM-ADRs. The third presentation
will review the role of the innate immune system in IM-ADRs. The fourth presentation will illustrate how humanized preclinical animal
models can advance our mechanistic understanding of IM-ADRs. The fifth presentation will shift the focus of the session to large mole-

Innovations in Applied Toxicology

Innovations in Toxicological Sciences

Scientific Sessions—Thursday | 119

cule–based drugs and present data obtained from patients experiencing IM-ADRs. The final presentation will discuss preclinical models
used to predict the immunogenicity of large molecule–based drugs. All speakers will emphasize what are the tools currently available for
improving risk assessment to enable the development of safer drugs.
Introduction. James Monroe, Merck & Co. Inc., West Point, PA.
The Chemical Basis of Drug Hypersensitivity and Development of In Vitro Assays to Predict Intrinsic Immunogenicity. 
Dean Naisbitt, University of Liverpool, Liverpool, United Kingdom.
Bioactivation of Drugs in the Skin: Examining the Concepts of Necessity and Sufficiency in Drug-Induced Dermal Toxicity
 my Sharma, Genentech Inc., South San Francisco, CA.
through Metabolism, Immunology, and Host-Dependent Factors. A
Role of the Innate Immune System in Adaptive Immune-Mediated Idiosyncratic Drug Reactions. J ack Uetrecht, University
of Toronto, Toronto, ON, Canada. 
Animal Models for HLA-Linked Adverse Drug Reactions. M
 ichael Norcross, US FDA/CDER, Silver Spring, MD.
Understanding Autoimmunopathies from Immunotherapy: Biomarkers and Mechanisms. Justin Balko, Vanderbilt
University Medical Center, Nashville, TN.
Immune-Mediated Adverse Events in Preclinical Toxicology Species: Role of Immune Complexes Formed from
Therapeutic Protein-Antibody Complexes. Vibha Jawa, Merck & Co. Inc., Kenilworth, NJ.
Panel Discussion/Q&A. 
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Follow SOT on social media.
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ToxExpo
Exhibits

About ToxExpo

Incorporating visits to ToxExpo while at the SOT Annual Meeting
connects attendees with exhibitors who can support the toxicology community with cutting-edge solutions and services.

The Exhibitors

Monday, March 16–
Wednesday, March 18
9:00 AM to 4:30 PM

300+
Exhibitors

2,000

Poster Presentations

Exhibiting organizations are experts in a variety of toxicology
services and products, including:

» Contract research
» Preclinical research and testing
» Pharmaceutical product safety and toxicology
» Safety assessment
» In vitro research and testing
Discover the organizations exhibiting at ToxExpo in 2020 by
visiting the ToxExpo website.

Exhibitor-Hosted Sessions
For the most up-to-date list of Exhibitor-Hosted Sessions, use the
SOT Event App (launching in February 2020) or visit the “Program
Details” web page on the SOT Annual Meeting website.

Unlimited
Opportunities

www.toxexpo.com

View the up-to-date exhibitor list and floor plan at

www.toxexpo.com

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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ToxExpo Exhibits

Other Activities in the ToxExpo Exhibit Hall
Blood Drive
SOT encourages attendees to participate in the SOT Blood Drive,
which is taking place in the ToxExpo Exhibit Hall. You may book an
appointment in advance beginning January 13, 2020, or drop by
anytime between 9:30 am and 3:30 pm. More information about
this activity will be shared on the SOT Annual Meeting website as
it becomes available.

Networking Space
With small seating areas throughout, the ToxExpo Exhibit Hall
also serves as a space for spontaneous conversations, scheduled
appointments, and impromptu exchanges.

Poster Presentations
The ToxExpo Exhibit Hall features more than 2,000 poster presentations over three days. Posters are displayed all day, with authors
available during assigned Poster Sessions.

SOT Pavilion
Visit the SOT Pavilion (Booth #1111) to hold scheduled and
impromptu meetings, learn about SOT programs and activities,
and meet with the Toxicological Sciences Editor-in-Chief and
Managing Editor.

NEW IN 2020:
SOT TOX Presentation Corner
The SOT TOX Presentation Corner is new for 2020.
Programmed by the Scientific Program Committee and
located in the ToxExpo Exhibit Hall, this intimate venue is
hosting short presentations that:

» Provide Training on topics such as grant funding
» Highlight Opportunities for career development
and transitions

» Foster eXchanges of science and ideas
With talks scheduled throughout ToxExpo hours,
attendees are encouraged to drop by the SOT TOX
Presentation Corner to engage with the presenters.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Annual Meeting
Support
Annual Meeting Support
Opportunities
Annual Meeting Supporters make meeting attendance affordable
for everyone, enabling the Society to facilitate the attendance of
more scientists at a variety of career levels.
Annual Meeting Supporters are acknowledged on the SOT Annual
Meeting and ToxExpo websites, in the SOT Event App, and on
slides displayed in each Scientific Session room. Supporters also are
recognized through prominent on-site signage during the Annual
Meeting. Silver-level Supporters and above are invited to attend the
SOT President’s Reception, an invitation-only event, as an expression of appreciation for support provided through leadership and
contributions.
If you are interested in supporting the SOT Annual Meeting, contact
Laura Helm by email or by phone at 703.438.3115.

Become a Supporter

There are five categories of support available,
with the higher levels providing greater visibility
for your organization:

» Diamond ($10,000+)
» Platinum ($5,000–$9,999)
» Gold ($2,500–$4,999)
» Silver ($2,000–$2,499)
» Contributor ($1,000–$1,999)

www.toxicology.org/support

Marketing and Advertising
Opportunities
Make the most of your presence at the Annual Meeting by connecting
with attendees through SOT marketing and advertising opportunities. Place an advertisement in the SOT Event App (launching
in February 2020), spread your message on an escalator runner,
add your company logo or branding to charging cubes located
throughout the convention center, and more. SOT offers opportunities to fit all budgets. Contact Tonja Morrow by email or phone at
703.438.3115, or visit the ToxExpo website for complete details.

Thank you to the SOT 59th Annual Meeting and ToxExpo
Supporters. View the current Supporter list at

www.toxicology.org/support

Find up-to-date information at www.toxicology.org/2020 | #2020SOT

#toxexpo
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Advertisement

the next step in
ADME-Tox...
We’ll take it together.

Let Lonza be your main partner when developing new,
innovative, in vitro ADME-Tox testing models. We offer a large
selection of high quality primary cells backed by decades of
experience, a focus on products, and one-on-one support. We’ll
help you realize your vision for more clinically predictive in vitro
tools as the future foundation for development of safer and more
effective drugs.

Plan your future in vitro models systems.
Stop by our booth #1541 to see how Lonza
primary cells are being used today in ADME and
Tox studies.

Visit: www.lonza.com/admetox
©2019 Lonza. All rights reserved.

Find up-to-date information at www.toxicology.org/2020 | #2020SOT
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