American College of
Toxicology

Program
Phoenix, Arizona

jw marriott desert ridge

American College of Toxicology

o

President’s Message

n behalf of the American College of Toxicology and Council, it is my pleasure to welcome you to our 40th Annual Meeting
in sunny Phoenix, Arizona, at the JW Marriott Desert Ridge. We trust you will enjoy the venue and environs as much as you
will be intrigued by the science and pleased by the collegial atmosphere of the meeting.

This 40th meeting since the founding of ACT in 1977, with the first Annual Meeting being held in 1979, is a very special one
commemorating our history and success. We will host a special celebration at 5:30 pm on Sunday highlighting the past 40 years
and featuring people who contributed to events instrumental in shaping the College to its present form. All registrants are
welcome and encouraged to attend this celebratory event being held immediately before the Welcome Reception.
The American College of Toxicology is a society of professionals from industry, government, and academia. The mission of
the College is to educate, lead, and serve scientists by promoting an exchange of information and perspectives on safety
assessment and new developments related to applied toxicology.
The Annual Meeting is the heart of ACT. This week, you will discover why the meeting has become the preferred venue for
practicing toxicologists. This November gathering brings together a community of toxicologists at a small venue conducive
to idea exchange, professional networking, and continuing education. Our first-rate Scientific Sessions are member driven
and organized to maximize learning opportunities. The welcoming and collegial atmosphere of the Annual Meeting is a
hallmark of ACT.
In addition to Sunday events, including Continuing Education courses, the 5:30 pm ACT 40th Annual Meeting Anniversary
Program, and 7:00 pm Welcome Reception, this 40th Annual Meeting includes a wide-ranging scientific program. There will be
Plenary speakers on Monday and Tuesday; the popular Poster Session with Wine and Cheese; our Awards Ceremony and Luncheon
with a distinguished, award-winning speaker; and extensive Symposia, Workshops, and professional networking events.

The ACT Exhibition offers you the opportunity to meet with industry partners, suppliers of the latest in technology and services,
in an intimate and very convenient setting—all under one roof. Our exhibitors offer the College a tremendous amount of financial support, and I encourage you to visit with them and thank them for being a part of our Annual Meeting.
We encourage you to download the Annual Meeting Mobile App (ACT Annual Meeting) to connect with fellow attendees, read
the details about our Scientific Sessions, and learn more about ACT.
If this is a new scientific meeting for you, we are excited to welcome you and trust you will discover for yourself why the collegial
atmosphere of our Annual Meeting has made it the preferred venue for practicing toxicologists and those who wish to be.
If you’ve attended our Annual Meeting before, welcome back! We thank our ACT members for their continued involvement and
support of the College. Lastly, if you’ve attended our Annual Meetings before but are not an ACT member, you are encouraged
to join our membership to become involved in making this College and Annual Meeting even better in the future.
Sincerely,
David R. Compton, PhD, DABT
2018–2019 ACT President

11190 Sunrise Valley Drive, Suite 300, Reston, VA 20191
Telephone: 703.547.0875 • Fax: 703.438.3113 • Email: acthq@actox.org • Website: www.actox.org
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Saturday, November 16
3:00 PM–5:00 PM

Registration Open

Grand Sonoran Foyer

5:00 PM–7:00 PM

ACT Council Meeting

Desert Conference
Suite VII

Overview

Sunday, November 17
7:00 AM–8:00 AM

CE Continental Breakfast (CE course registrants only.)

Grand Sonoran Foyer

7:00 AM–6:00 PM

Registration Open

Grand Sonoran Foyer

8:00 AM–11:30 AM

CE 1—Study Director Training Part A: At the Intersection of Regulations and
Project Management

Wildflower A

CE 2—Basic Immunology and New Approaches for Immunotoxicology Testing

Grand Sonoran E

CE 3—Leading as the Toxicologist in Pharma: Advancing the Project
with a Cross-Functional Team

Grand Sonoran D

CE 4—Toxicological Approaches to Nonmutagenic and Mutagenic
Pharmaceutical Impurities

Grand Sonoran F

CE 5—Optimizing Toxicologic Pathology Data for Toxicologists: 10 Concepts with
Recommended Practices

Grand Sonoran G

9:30 AM–10:00 AM

CE Refreshment Break (CE course registrants only.)

Grand Sonoran Foyer

11:30 AM–1:00 PM

Lunch on Your Own

11:30 AM–12:30 PM

New Member Mingle (By invitation only.)

Wildflower Terrace

11:45 AM–12:45 PM

IJT Editorial Board Meeting (By invitation only.)

Pinnacle Peak 3

12:00 Noon–12:55 PM

Exhibitor-Hosted Program: Strategies for Screening Nonhuman Primates in Gene
Therapy Studies 
Presented by: Altasciences

Grand Sonoran H

Exhibitor-Hosted Program: Charles River’s Fast Facts Competition 
Presented by: Charles River

Grand Sonoran K

Exhibitor-Hosted Program: Nonclinical Safety Evaluation of Oncolytic Viruses 
Presented by: Southern Research

Grand Sonoran J

Exhibitor-Hosted Program: Toxicologic Pathology Support in China 
Presented by: WuXi AppTec

Grand Sonoran I

CE 6—Study Director Training Part B: Understanding the Science

Wildflower A

CE 7—Safety Testing of Gene and Cell Therapy: Perspective from Industry, CROs, and
Regulators

Grand Sonoran E

CE 8—Regulatory Meeting Preparation and Conduct: US, EU, and China

Grand Sonoran D

CE 9—Metabolites: What Do I Need to Know?

Grand Sonoran F

CE 10—What's New with Nonclinical ICH Guidances?

Grand Sonoran G

1:00 PM–5:00 PM

Speaker Ready Room Open

Pinnacle Peak 1

2:00 PM–6:00 PM

Exhibition and Poster Set Up

Exhibit Hall

2:30 PM–3:00 PM

CE Refreshment Break (CE course registrants only.)

Grand Sonoran Foyer

4:00 PM–4:45 PM

Furst Award Competition Poster Set Up (Invited student travel grant recipients only.)

Pinnacle Peak 2

5:00 PM–6:30 PM

Furst Award Competition (Invited student travel grant recipients only.)

Pinnacle Peak 2

5:30 PM–7:00 PM

40th Annual Meeting Anniversary Program—Reliving the History of ACT
(Open to all attendees.)

Grand Saguaro

7:00 PM–8:30 PM

Welcome Reception—Party Like It’s 1979
(Ticketed event. Purchase deadline November 10.)

Sunset Lawn

1:00 PM–4:30 PM
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7:00 AM–8:00 AM

Continental Breakfast

Grand Sonoran Foyer

7:00 AM–5:00 PM

Registration Open

Grand Sonoran Foyer

7:00 AM–4:00 PM

Speaker Ready Room Open

Pinnacle Peak 1

8:00 AM–8:55 AM

Plenary Lecture: The Healing Power of Nutrition: How Diet Can Reshape the
Gut Microbiome and Influence the Balance between Health and Disease
Speaker: Alessio Fasano, MD

Grand Saguaro

9:00 AM–12:00 Noon

1. Symposium—New Developments and Trends in Gene and Cell Therapy

Grand Sonoran D

2. Symposium—Drug Discovery and Development in the 21st Century

Grand Sonoran E

3. Workshop—Regulatory Expectations and Scientific Practices in the
Safety Assessment of Excipients in Therapeutic Products

Grand Sonoran F

4. Symposium—Water Quality Issues: Causes, Concerns, and Remedies

Grand Sonoran G

9:30 AM–12:00 Noon

Exhibition and Posters Open/ToxHunt Begins

Exhibit Hall

10:15 AM–10:45 AM

Refreshment Break

Exhibit Hall

12:00 Noon–2:00 PM

Awards Ceremony and Luncheon
Speaker: A. Jay Gandolfi, PhD, Distinguished Scientist Award in Toxicology
Recipient

Grand Saguaro

2:00 PM–6:30 PM

Exhibition and Posters Open/ToxHunt Continues

Exhibit Hall

2:00 PM–5:00 PM

5. Symposium—AAV-Based Gene Therapies: An Introduction, Case Studies,
and Challenges

Grand Sonoran D

6. Symposium—Development and Regulatory Challenges for Peptide
Therapeutics

Grand Sonoran E

7. Workshop—The GLP World: What to Expect When Outsourcing Your
Studies Globally

Grand Sonoran F

8. Symposium—Keep Calm and Carry On: Case Studies Presented by Early
Career Professionals

Grand Sonoran G

3:05 PM–3:45 PM

Refreshment Break (See session details.)

Exhibit Hall

3:15 PM–3:45 PM

Experts in the Exhibit Hall: Meet Distinguished Scientist Award in
Toxicology Recipient A. Jay Gandolfi

ACT Membership Lounge
Exhibit Hall

5:00 PM–6:30 PM

Poster Session with Wine and Cheese

Exhibit Hall

6:30 PM–8:00 PM

Early Career Professional Speed Networking (Open to students and attendees
with less than 10 years' professional experience. Advance registration required.
Space is limited. Sign up at Registration Desk.)

Wildflower A
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7:00 AM–8:00 AM

Continental Breakfast

Grand Sonoran Foyer

7:30 AM–4:00 PM

Speaker Ready Room Open

Pinnacle Peak 1

7:30 AM–5:00 PM

Registration Open

Grand Sonoran Foyer

8:00 AM–8:55 AM

Plenary Lecture: From Microphysiological to Micropathophysiological
Models
Speaker: Thomas Hartung, MD, PhD

Grand Saguaro

9:00 AM–5:00 PM

Exhibition and Posters Open/ToxHunt Continues

Exhibit Hall

9:00 AM–12:00 Noon

9. Symposium—Developmental Neurotoxicity and Regulatory
Considerations in Pediatric Product Development

Grand Sonoran E

10. Symposium—Immune Tolerance: State-of-the-Science and Preclinical
and Clinical Safety Challenges in Drug Development

Grand Sonoran F

11. Symposium—Through the Looking Glass: Exploring the Frontiers of
Next-Generation In Vitro Toxicology Models

Grand Sonoran G

10:05 AM–10:45 AM

Refreshment Break (See session details.)

Exhibit Hall

12:00 Noon–1:30 PM

2020 Program Planning Meeting (Sign up at the Registration Desk. Space is
limited.)

Wildflower A

12:00 Noon–2:00 PM

Exhibit Hall Activities: Board of Predictions for 2029/ToxHunt Continues

Exhibit Hall

12:30 PM–1:30 PM

40th Anniversary Time Capsule Ceremony and Lite Bites

Exhibit Hall

2:00 PM–5:00 PM

12. Workshop—Regulatory Submission: An Overview of Nonclinical
Toxicological Sections and Best Practices

Grand Sonoran E

13. Symposium—Safety Pharmacology for Toxicologists: Incorporating
Functional Endpoints into Toxicology Studies and Highlighting Proposals
for Changes in Guideline Requirements

Grand Sonoran F

14. Workshop—Toward Good In Silico Practice: Increasing Acceptance to
Support the 3Rs

Grand Sonoran G

3:15 PM–3:45 PM

Experts in the Exhibit Hall: Meet IJT Editor Mary Beth Genter

ACT Membership Lounge
Exhibit Hall

3:15 PM–3:45 PM

Refreshment Break/ToxHunt Prize Drawing

Exhibit Hall

5:00 PM–6:30 PM

ACT Members’ Meeting (Open to ACT members only.)

Wildflower A

5:00 PM–7:30 PM

Exhibition and Poster Dismantle

Exhibit Hall

6:30 PM–7:30 PM

ACT Member Mixer (Open to registered ACT members only. Advance
registration required. Sign up at Registration Desk.)

Wildflower Terrace

7:00 PM–9:30 PM

Early Career Professional Social (Open to students and attendees with less
than 10 years' professional experience. Advance registration required. Space is
limited. Sign up at Registration Desk.)

Off-Site Location
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6:30 AM–7:30 AM

6th Annual ToxTrot (Advance registration required.)

Sunset Lawn

7:30 AM–2:00 PM

Registration Open

Grand Sonoran Foyer

8:00 AM–9:00 AM

Continental Breakfast

Grand Sonoran Foyer

8:00 AM–8:55 AM

Exhibitor-Hosted Program: Location, Location, Location: Evaluating Toxicity in
the Nervous System
Presented by: EPL, Inc.

Grand Sonoran J

Exhibitor-Hosted Program: Genetox Assays for Impurities Testing as per ICH M7
Guidelines
Presented by: MilliporeSigma

Grand Sonoran I

Exhibitor-Hosted Program: What to Know When Choosing a Model for
Dermal Research
Presented by: Sinclair Research Center, LLC

Grand Sonoran H

8:00 AM–9:00 AM

Past Presidents’ Breakfast (By invitation only.)

Grand Sonoran A

8:00 AM–2:00 PM

Speaker Ready Room Open

Pinnacle Peak 1

9:00 AM–12:00 Noon

15. Workshop—Including Nonclinical Data in Product Labels: Labeling
Regulations, Guidance, and Practice

Grand Sonoran E

16. Workshop—Nuts and Bolts of Mentoring: A Tool to Augment
Career Success

Grand Sonoran F

17. Workshop—Toxicology Paradise: Sorting Out Adverse and Nonadverse
Findings

Grand Sonoran G

10:15 AM–10:45 AM

Refreshment Break

Grand Sonoran Foyer

12:00 Noon–1:45 PM

ACT Council Meeting

Desert Conference Suite VII

12:00 Noon–12:55 PM

Exhibitor-Hosted Program: Leveraging the Combined Power of Technology,
Expertise, and Regulatory Standards for Safer Outcomes
Presented by: Instem

Grand Sonoran H

Exhibitor-Hosted Program: In Vitro ADME and Drug-Drug Interaction
Considerations for Toxicologists
Presented by: SEKISUI XenoTech

Grand Sonoran I

12:00 Noon–2:00 PM

Lunch on Your Own

2:00 PM–5:00 PM

18. Symposium—Hot Topics

Grand Sonoran E

19. Workshop—SEND: Current State of Affairs and Future Perspectives

Grand Sonoran F

3:15 PM–3:45 PM

Refreshment Break

Grand Sonoran Foyer

5:00 PM–6:00 PM

Closing Reception (Open to all registered attendees.)

Ballroom Lawn

Overview

Wednesday, November 20

The American College of Toxicology is a society
of professionals from industry, government, and
academia. The mission of the College is to educate,
lead, and serve scientists by promoting an exchange
of information and perspectives on safety assessment
and new developments related to applied toxicology.
The welcoming and collegial atmosphere of the
Annual Meeting is a hallmark of ACT.
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General Information
Phoenix, Arizona

Internet Access

The Greater Phoenix area is America’s sunniest metropolis and
the cosmopolitan heart of Arizona. What sets Phoenix apart from
every other big city in the United States is its Sonoran Desert
scenery. Phoenix has more acreage of parks and preserves than
any other major metropolis in the nation, and visitors can explore
them via hundreds of miles of trails—or from the basket of a hotair balloon.

Wireless Internet will be available in the JW Marriott Desert Ridge
meeting space for all attendees. Connect to the JWMarriott_CONF
Wireless Network. Launch your browser and enter the following
access code: act19.

JW Marriott Desert Ridge is set on 316 acres in the Sonoran Desert
where Phoenix meets Scottsdale and features sweeping views of
the McDowell Mountains. Conveniently located just 20 minutes
north of Phoenix Sky Harbor International Airport, the grand
resort is the centerpiece in the Valley of the Sun’s burgeoning
northeastern corridor. The hotel features Four Diamond
service, five sparkling pools, a lazy river and waterslide, and the
Wildfire Golf Club, with its Palmer Signature Course and Faldo
Championship Course. Satisfy every craving in the restaurants
and bars, from casual poolside fare to fine dining. The hotel’s
resort fee, included in the ACT guest room rate, encompasses a
complimentary dinner appetizer from Meritage, an Urban Tavern
or Stonegrill (one per entrée purchased, with a maximum of two
per room; up to a $12 value each); internet in your guest room;
complimentary self-parking or a $10 discount on valet parking
($19); two hours of tennis court usage with up to four racquets;
two-hour bike rental for up to four bikes; storage of a golf bag at
Wildfire Golf Club and access to the driving range (proper golf
attire required); fitness center; and spa with unlimited “Fitness on
Demand Classes” available. Complimentary self- and discount valet
parking are valid for all ACT Annual Meeting attendees.

Getting around Town
There are several options available to those who want to get out
and explore–once sessions have ended for the day, of course. The
JW Marriott Desert Ridge provides a shuttle departing hourly from
9:00 am to 9:00 pm to the nearby Desert Ridge Marketplace, which
provides dining, shopping, and entertainment options. The resort
also offers Hertz rental car on-site.
Access the Greater Phoenix area by bus. A Greyhound Bus Station
is located 20 miles from the JW Marriott Desert Ridge, and the
Valley Metro Bus stop is located less than half a mile from the hotel.
The Valley Metro Light Rail can be accessed at the nearest station,
15 miles south of the hotel.

Registration
The Annual Meeting registration fee includes the 40th Annual
Meeting Anniversary Program on Sunday, Awards Ceremony and
Luncheon on Monday, continental breakfast and refreshment
breaks Monday through Wednesday, a Monday evening Poster
Session with Wine and Cheese, Lite Bites and Exhibit Hall
activities on Tuesday, a Member Mixer on Tuesday evening for
ACT members only, and a Closing Reception on Wednesday
evening that is open to all registered attendees. Additional
registration fees are required for Continuing Education courses
and the Sunday evening Welcome Reception.

American College of Toxicology 40th Annual Meeting 2019

Photography Policy
ACT meeting attendees are asked to strictly adhere to the
photography policy while participating in sessions, in Continuing
Education courses, and while in the Exhibit Hall. As a courtesy
to our speakers, poster presenters, and exhibitors, ACT asks
that participants refrain from electronic capture of any and all
presented material unless given permission from the presenter.
Any person who does not comply with the policy may be asked
to leave the event.

Posters
Posters should only represent scientific material and should not
contain any marketing of a company, a service, or a product. The
presenter may not engage in product detailing and may not direct
participants to a particular exhibit, meeting, or other companysponsored entity, website, activity, program, etc. Any and all
handout material must be limited to a one-page printout of the
poster or abstract. ACT reserves the right to remove any material
that has been deemed outside the guidelines and does not accept
responsibility for the loss of this property. Posters will be removed
if not placed in the assigned poster number or if a poster contains
material violating the guidelines expressed.

General Information

Venue

Guests who reserve a room in an official ACT hotel block receive
complimentary wireless Internet access in their guest rooms,
included in the ACT room rate.

Solicitation Policy
Solicitation on the show floor, at the ACT Annual Meeting, and/or
to ACT attendees and exhibitors by anyone other than approved
exhibitors and vendors is strictly prohibited.

Mobile Event App
The 2019 ACT Annual Meeting Mobile Event App is your go-to
tool for coordinating your personal schedule at the meeting.
This app provides you with access to all Annual Meeting details—
including the Program, speaker list, exhibitor directory, and
more—all in one place. In addition, this app allows you to stay
up-to-date with Annual Meeting alerts and announcements and
connect with other attendees. The 2019 ACT Annual Meeting
Mobile Event App is currently available in the Apple AppStore
and Google Play. BlackBerry, Windows, and Kindle users can
access the online version of the app via (search for ACT Annual
Meeting) www.actox.org/am/am2019/app.asp.
The app is restricted to ACT Annual Meeting registrants;
login required.

Badge Scanning
Please note that with our Annual Meeting Mobile Event App,
participating exhibitors have the capability to scan your badge
QR code to easily capture your contact information, if you so
desire. If you prefer to not provide this information, you may
decline to have your badge scanned.
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Navigate the meeting like a pro
with the ACT 2019 Mobile Event App
Select your name to access your profile and
to manage your communications and privacy settings.

Dashboard

Dashboard

Social Feed

Schedule

MyEvents

Show Daily

Awards

Scan Badge

Posters

MyProfile

Messaging

Meeting Materials

Gallery

Help Desk

Floor Plans

Supporters

Exhibitors

About

Join ACT

Volunteer

Speakers

Phoenix, AZ

Overall Survey

Settings

Logout

My Notes

With the ACT 2019 Annual Meeting Mobile Event App, you can:
• Receive real-time announcements from ACT
• Search Exhibitor, Session, Poster, and
Speaker information
• Build a personalized schedule
• Find attendees and connect in the App
• Join the conversation and post photos
in the Activity Feed
• And much, much more!
Download the app (ACT Annual Meeting) from your app market place or
access the Mobile Event App at www.actox.org/am/am2019/app.asp
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Map of Meeting Space
Download the ACT Annual Meeting Mobile App (ACT Annual Meeting) to view detailed maps and session information.
JW Marriott Desert Ridge
Closing
Reception

Continuing
Education,
Early Career
Speed
Networking,
Program
Planning, and
Members’
Meeting

General Information

New Member
Mingle and
Member Mixer

LEVEL 2

LOBBY LEVEL

Speaker
Ready
Room
Furst Award Competition
IJT Editorial Board
Registration

KEY
LEVEL 1
LEVEL 2
OUTDOOR

Continuing Education,
Symposia, and
Workshops

EXHIBIT
HALL

Exhibitor-Hosted
Programs

LEVEL 1

MAIN BALLROOMS

SUNSET LAWN

40th Annual Meeting Anniversary
Program, Awards Ceremony,
and Plenary Lectures
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Welcome
Reception
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Basic Toxicology Training
E-Learning Series
These educational modules provide twelve segments of basic
toxicology training by experts in the field to professionals and
students worldwide. Registrants will have access to the webinar
recording archives for thirty days from the time each archive is
first accessed. Each webinar is 90 minutes or less.

Registration
Fees: (Purchase of modules is intended for single-person use only.)
__________________________________________________________________

ACT/BTS Student/Postdoctoral
Researcher Members
ACT/BTS Members
Nonmembers

Per Module

Set/Modules 1–6
or Modules 7–12

Full Set/
Modules 1–12

$25

$125

$225

$40
$60

$200
$300

$375
$575

Group Rate: The purchase of 25 Full Module Sets is $7,000 for ACT or BTS Member companies
and $12,000 for Nonmember companies. A company can join ACT as a Corporate Member to
obtain the discount. To join please visit www.actox.org.

__________ Webinar E-Learning Series Set: Modules 1–6
Module 1: Basic Toxicology Principles: Part 1
Speaker: A. Wallace Hayes, PhD, DABT, ATS, FRSB,
FACFE, ERT
Module 2: Basic Toxicology Principles: Part 2
Speaker: A. Wallace Hayes, PhD, DABT, ATS, FRSB,
FACFE, ERT
Module 3: Pharmacology and Safety
Pharmacology
Speaker: Jean-Pierre Valentin, PhD, HDR, ERT, CBiol,
FRCPath, DSP

Module 4: Pharmacokinetics/ADME
Speaker: Gerry Kenna, PhD, FBTS
Module 5: General Toxicity
Speaker: Ruth Roberts, PhD, ATS, FBTS, ERT, FSB,
FRCPath
Module 6: Genotoxicity
Speaker: George Johnson, PhD

_________ Webinar E-Learning Series Set: Modules 7–12
Module 7: Carcinogenicity Assessment
Speaker: James A. Popp, DVM, PhD, DACVP, ATS,
IATP
Module 8: Reproductive and Development
Toxicity
Speaker: Alan M. Hoberman, PhD, DABT, ATS
Module 9: Target Organ Tox—Liver, Kidney,
Lung, Cardio, Etc.
Speaker: Mary Beth Genter, PhD, DABT, ATS
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Module 10: Immunotoxicology
Speaker: Kenneth L. Hastings, DrPH, DABT, ATS
Module 11: Risk Assessment
Speaker: Melissa Rhodes, PhD, DABT

Module 12: Environmental Toxicology and
Ecological Risk Assessment
Speaker: Jane P. Staveley, MSPH

www.actox.org
American College of Toxicology 40th Annual Meeting 2019

Special Events

(Open to all attendees.)
Celebrate the 40th anniversary of the ACT Annual Meeting in
Phoenix, Arizona! Join us as we celebrate our accomplishments
and milestones while we take a stroll down ACT memory lane.
This will be an event you don’t want to miss!

Welcome Reception— 
Party Like It’s 1979!
Supported by EPL, Inc.
Sunday, November 17 | 7:00 PM–8:30 PM
Ticket: $50
Sunset Lawn
(Ticketed event. Purchase deadline November 10.)
Willie Stargell led the Pittsburgh Pirates to a World Series win, the
average cost of gas was $.86 a gallon, and ACT hosted its first
Annual Meeting! Join us, and Jazzicology (a Jazz combo including
ACT members), as we celebrate the 40th Annual Meeting of ACT.
Take a trip back in time and do The Hustle as we party like it’s
1979. Light food and two drink tickets will be provided.

Poster Session 
with Wine and Cheese
Supported by SAGE Publishing, Inc.
Monday, November 18 | 5:00 PM–6:30 PM
Exhibit Hall
This is the opportunity to discuss the latest research findings and
methodologies with poster presenters and visit with exhibitors.
Don’t miss out on some of the most innovative work in the field.
Two drink tickets and light fare will be offered.

Early Career Professional
Speed Networking
Monday, November 18 | 6:30 PM–8:00 PM
Wildflower A
(Open to all registered attendees with less than 10 years’ of
professional experience. Advance registration required. Space is
limited. Sign up at Registration Desk.)
Attend the ACT Early Career Professional Speed Networking
event! Early career professionals will have an opportunity to talk
with experienced leaders in toxicology about different career
paths, challenges, and professional growth areas.

Exhibit Hall Activities 
Tuesday, November 19 | 12:00 PM–2:00 PM
Exhibit Hall

General Information

40th Annual Meeting 
Anniversary Program—
Reliving the History of ACT
Sunday, November 17 | 5:30 PM–7:00 PM
Grand Saguaro

Lite Bites and 40th Anniversary Time
Capsule Ceremony
Supported by Charles River
12:30 PM–1:30 PM
Enjoy a light lunch while networking and participating in the
ACT 40th Anniversary Time Capsule Ceremony and be sure to
add your toxicology prognostications to the 2029 Predictions
Board: Boldly Go Where No Toxicologists Have Gone Before.
Predictions for 2029. #TOX2029

ToxHunt—A Digital Scavenger Hunt in the Exhibit Hall.

Awards Ceremony 
and Luncheon
Monday, November 18 | 12:00 Noon–2:00 PM
Grand Saguaro
Listen to a keynote presentation by the Distinguished Scientist
Award in Toxicology recipient, Dr. A. Jay Gandolfi, during
this lunch, which is included as part of your Annual Meeting
registration. Awards will be presented to the recipients of the
Mildred Christian Women’s Leadership in Toxicology Award,
Service Award, Carol C. Lemire Unsung Hero Award, Early Career
Professional Award, and Award for Best Paper Published in
International Journal of Toxicology. The ACT Furst Award for Best
Student Poster presentation will be announced, as well as the
North American Travel Grant, the North American Graduate
Fellowship, and International Travel Grant recipients.
American College of Toxicology 40th Annual Meeting 2019

Join the Hunt for “Dr. Fox” for a chance to win
fabulous prizes! Using the ACT Mobile
App, hunt for Dr. Fox in participating
exhibitors’ booths, retrieve a password
from 10 exhibitors to be entered in a
prize drawing for Bose Wireless Noise
Cancelling Headphones, or a 2nd place
prize of a $250 Visa Gift Card. ToxHunt
begins when the Exhibit Hall opens
Monday morning, and continues through
Tuesday afternoon. ToxHunt winners will
be announced in the Exhibit Hall during
the Tuesday afternoon refreshment break.
See the Mobile App for details.

Meet Dr. Fox
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SUBMIT YOUR ARTICLE ONLINE AT
http://mc.manuscriptcentral.com/uito

InternatIonal
Journal of
toxIcology
International Journal of Toxicology (IJT) offers toxicologists
in all job sectors timely, peer-reviewed, multidisciplinary
articles covering safety assessments, mechanisms of
toxicity, biomarkers, and risk assessment. IJT strives
to publish articles that facilitate and improve toxicology
practice.
We are currently seeking manuscript submissions in these
(and related) areas:
Cover photo credit: molekuul_be/Shutterstock.com

Editor

Mary Beth Genter, PhD
University of Cincinnati
Cincinnati, OH USA
2018 Impact Factor: 1.223
Five-Year Impact Factor: 1.332
(Thomson Reuters, 2018)

• Contemporary topics in toxicology, such as the
microbiome, nanomaterials, endocrine-disrupting
chemicals, air pollutants, etc.
• Pharmaceutical safety assessments
• New approaches to toxicological testing and data
interpretation
• Biomarkers of toxicity and mechanisms of toxicity
• Alternatives/refinement to the use of animals in
toxicology
Key reasons to publish in IJT:
• Quick turnaround time after submission
• Broad coverage of the toxicology field
• Free color images in the online edition
• No submission, acceptance, or page charge fees
Please consult our submission guidelines at
www.actox.org/journal/authorGuide.asp for further details.

Nominate a paper for the ACT Award for the Best Paper published in IJT.
Deadline: March 31, 2020. See www.actox.org/aboutACT/awards.asp for details.
12
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Special Events
ACT Members’ Meeting
Tuesday, November 19 | 5:00 PM–6:30 PM
Wildflower A

6th Annual ToxTrot 
Supported by HistoTox Labs, Inc.
Wednesday, November 20 | 6:30 AM–7:30 AM
Sunset Lawn

Are you interested in getting the most out of your ACT
membership? Do you find yourself asking, “How can I get more
involved?” Here is your chance! Come to the ACT Members’
Meeting to hear the latest ACT business and provide your
feedback for the future.

ACT Member Mixer
Tuesday, November 19 | 6:30 PM–7:30 PM
Wildflower Terrace
(Open to registered ACT members only. Advance registration
required. Sign up at Registration Desk.)
Immediately following the Members’ Meeting you will have the
opportunity to network with fellow ACT members and further
share your thoughts on the College and the ACT Annual Meeting.
This event is offered as a benefit of ACT membership.

Early Career 
Professional Social
Tuesday, November 19 | 7:00 PM–9:30 PM
Off-site Location
(Open to students and attendees with less than 10 years’ of
professional experience. Advance registration required. Space is
limited. Sign up at Registration Desk.)

(Free event. Advance registration required. Sign up
at Registration Desk.)
Start your morning off right and join members of the ACT Council
as they walk, trot, or run through the 5K ToxTrot course. This is
a great opportunity to connect and network with fellow ACT
members and attendees, all while burning a few calories and
enjoying the beautiful surroundings of Desert Ridge, Arizona.
Participants who registered for this event by September 22 and
completed the survey will receive a free T-shirt at the end of
the event.

Closing Reception
Wednesday, November 20 | 5:00 PM–6:00 PM
Ballroom Lawn
(Open to all registered attendees.)
This event is your final opportunity to network and socialize with
fellow Annual Meeting participants and to meet with the ACT
incoming President, Lorrene A. Buckley. This event is open to all
registered meeting attendees. Stop by and say, “See you next
time!” to old friends and new. ACT looks forward to seeing you
next year for the ACT 41st Annual Meeting at the JW Marriott in
Austin, Texas, November 15–18, 2020!

General Information

(Open to ACT members only.)

Join us for the ultimate scavenger hunt. Teams will be given clues
and challenges, some with a toxicology twist, so brush up on your
gaming and trivia skills. Transportation, food, and two drinks will
be provided. Bus will depart from the JW Marriott Desert Ridge
front drive at 7:00 pm, activities will begin promptly at 8:00 pm.

WELCOME
RECEPTION
SUNDAY • 7:00 PM–8:30 PM
Sunset Lawn
Ticket purchase deadline November 10.
American College of Toxicology 40th Annual Meeting 2019
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2019 Awards
The Awards Ceremony and Luncheon will include a keynote presentation by the Distinguished Scientist Award in Toxicology recipient
on Monday, November 18, from 12:00 noon to 2:00 pm in Grand Saguaro at the JW Marriott Desert Ridge. Awards will be presented
to the recipients of the ACT Mildred Christian Women’s Leadership in Toxicology Award, the Service Award, the Carol C. Lemire
Unsung Hero Award, the Early Career Professional Award, and the Award for Best Paper Published in International Journal of Toxicology.
Recipients of the ACT Furst Award for Best Student Poster, the North American Travel Grants, the North American Graduate Fellowships,
and the International Travel Grants will also be announced.
This event is open to all meeting attendees (members, nonmembers, and exhibitors). For a historical listing of award recipients, visit
www.actox.org/aboutact/pastrecipients.asp.

General Information

Distinguished Scientist Award in
Toxicology
The Distinguished Scientist Award in Toxicology recognizes
an individual, not necessarily an ACT member, who has made
outstanding contributions to toxicology and improvement of
public health and/or the environment. The Distinguished Scientist
is the keynote speaker at the Awards Ceremony and Luncheon.
ACT recognizes A. Jay Gandolfi, PhD, as the
recipient of the 2019 Distinguished Scientist
Award in Toxicology.
Dr. Jay Gandolfi is a professor emeritus in the
University of Arizona College of Pharmacy,
former associate dean for Research and
Graduate Studies at the University of Arizona, former director
of the Center for Toxicology, former director of the National
Institutes of Health Superfund Hazardous Waste Research
Program, and former co-director of the Dean Carter Binational
Center for Environmental Health Sciences.
Dr. Gandolfi received a BA in chemistry from the University of
California, Davis (1968); PhD in biochemistry from Oregon State
University (1972); and postdoctoral training in anesthesiology
research at the Mayo Clinic. In 1978, Dr. Gandolfi joined the
faculty of the University of Arizona with appointments in the
Departments of Anesthesiology (Medicine), Pharmacology
(Medicine), and Pharmacology-Toxicology (Pharmacy). For his
service and research, Dr. Gandolfi received the top award from the
College of Medicine—the Founders Day Award (1998). In 1999, he
was appointed associate dean for Research and Graduate Studies
in the College of Pharmacy.
Dr. Gandolfi was very active with the Society of Toxicology
(SOT), holding numerous elected and appointed offices. In 2004,
he received the Society’s Education Award for his longtime
excellence in teaching and mentoring graduate students. In 2013,
his research in the toxicology of metals was honored with the
Career Achievement Award from the Metals Specialty Section
of SOT. In 2007, he received the Findlay E. Russell, MD, PhD,
Distinguished Citizen Award for his years of service to the College
of Pharmacy.
Dr. Gandolfi taught drug disposition and toxicology to
undergraduates, graduate students, and professional students
in the Colleges of Medicine and Pharmacy at the University of
Arizona. He was a co-editor of the 14-volume Comprehensive
Toxicology series (1997). Dr. Gandolfi’s research interests were
in the disposition and toxicology of drugs (e.g., anesthetics)
and environmental chemicals (e.g., halocarbons and arsenicals)
and the development of in vivo and in vitro models for studying
mechanisms of toxicity. Dr. Gandolfi’s research was continuously
funded by federal sources, foundations, and industry throughout
his career, resulting in almost 300 peer-reviewed publications and
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multiple book chapters. He served on numerous federal research
review committees and advisory boards to colleges and centers
across the nation.

Mildred Christian Women’s Leadership
in Toxicology Award
This award, in memory of Mildred Christian, is presented to a
woman who has made a difference in advancing the science
and practice of toxicology and who has attained industry/
government/academia recognition as a global leader in this
field. The individual is a woman who demonstrates many of
Dr. Christian’s defining characteristics, including leadership;
inclusiveness; collaboration; perseverance; and devotion to the
College’s goals to educate, to lead, and to serve. Candidates
may come from many fields (the pharmaceutical or chemistry
industries, contract research organizations, government agencies,
and academia) but must be a current ACT member.
ACT recognizes Mary Ellen Cosenza, PhD,
DABT, ATS, RAC, as the recipient of the 2019
Mildred Christian Women’s Leadership in
Toxicology Award.
Dr. Mary Ellen Cosenza is a regulatory
consultant with over 35 years of senior
leadership experience in the biopharmaceutical industry in the
US, Europe, and emerging markets. During her 20-year tenure
at Amgen, she led the US Regulatory Department and the
International Emerging Markets Regulatory Department and
served as an executive director of global regulatory affairs and
safety, focusing on early development and inflammation. In
addition to her leadership roles in regulatory affairs, she also
served as the senior director of toxicology at Amgen. Before
joining Amgen, she served as a principal scientist in toxicology for
the Medical Research Division of American Cyanamid Company
(now Pfizer).
While at Amgen, Dr. Cosenza was responsible for both earlyand late-stage development programs resulting in numerous
successful IND, CTA, NDA, MAA, and BLA submissions in a
broad variety of therapeutic areas and modalities. In addition,
she played a key leadership role in preparing teams for global
health authority meetings with US FDA, EMA, and regional
country health authorities, including several US FDA Advisory
Committee meetings.
Dr. Cosenza is recognized as an expert in preclinical biologic
drug development and is a founding member of BIO’s BioSafe
Preclinical Expert group. She was also a member of an Expert
Working Group, operating under the auspices of the International
Conference on Harmonization (ICH), for ICH M3(R2). Dr. Cosenza
is well published in the field of biological drug development and
has authored several chapters on this topic as well.
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2019 Awards
Dr. Cosenza is a Diplomate of the American Board of Toxicology, a
Fellow of the Academy of Toxicological Sciences, and a member
of the Society of Toxicology (SOT), Drug Information Association
(DIA), and Regulatory Affairs Professional Society (RAPS). She also
holds a Regulatory Affairs Certification for both the US and EU.
Dr. Cosenza has been a member of ACT since 1988, serving as an
active speaker and session Chair. Most notably, she developed
the first Study Director Training Course in 2001, has served as a
member of the ACT Education Committee, and has served ACT as
Councilor, Treasurer, and President. Dr. Cosenza remains active in
ACT and is currently a member of the Outreach Committee. She is
also an instructor at the University of Southern California, where
she teaches a graduate-level course on food and drug toxicology.

Dr. Hastings has served in many professional societies (President,
American College of Toxicology; President, Society of Toxicology
[SOT] Immunotoxicology Specialty Section; President, SOT
Regulatory and Safety Evaluation Specialty Section; chairperson
of the Scientific Liaison Coalition). Dr. Hastings served as
President of the American Board of Toxicology and has numerous
publications, including editing books on the use of minipigs in
biomedical research and international standards for nonclinical
safety evaluation of medical products. Dr. Hastings is currently an
independent consultant specializing in toxicology studies in drug
development.

Dr. Cosenza received her PhD from St. John’s University, New York,
and her MS in regulatory science from the University of Southern
California, Los Angeles.

The Carol C. Lemire Unsung Hero Award recognizes an ACT
member who has made substantive, unrecognized contributions
to ACT. The nominee should have demonstrated ongoing
willingness to help in ACT activities, generally behind the scenes.

ACT recognizes Kenneth L. Hastings, DrPH,
DABT, ATS, as the recipient of the 2019
Service Award.
Dr. Kenneth L. Hastings received his Doctor
of Public Health from the University of North
Carolina at Chapel Hill School of Public Health
in 1987. He completed his doctoral research at the Chemical
Industry Institute of Toxicology under the direction of Dr. Jack
Dean. Dr. Hastings then served as a US Peace Corps volunteer in
Fiji under the Permanent Secretary for Health. From 1988 to 1991,
Dr. Hastings completed a postdoctoral fellowship and was then
appointed research associate in the Pharmacology/Toxicology
Research Laboratory of the Department of Anesthesiology within
the University of Arizona College of Medicine, under the direction
of Dr. A. Jay Gandolfi.
From 1991 to 2007, Dr. Hastings worked in the US FDA Center
for Drug Evaluation and Research (US FDA/CDER) in various
positions: pharmacology/toxicology reviewer in the Division of
Anti-viral Drug Products (1991–1997), pharmacology/toxicology
supervisor in the Division of Special Pathogen and Immunologic
Drug Products (1997–2003), and associate director in the Office
of New Drugs (2003–2007). Dr. Hastings served on numerous
committees and working groups while at US FDA, including lead
representative for US FDA/CDER on the ICCVAM validation of the
murine local lymph node assay and as lead negotiator on ICH S8
(Immunotoxicology Evaluation of New Drugs). From 2007 to 2014,
Dr. Hastings was associate vice president for regulatory policy
at Sanofi US, serving as corporate representative on numerous
industry working groups dealing with regulatory science
and policy.
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ACT recognizes John E. Atkinson, PhD, DABT,
as the recipient of the 2019 Carol C. Lemire
Unsung Hero Award.
Dr. John E. Atkinson has over 30 years of
active practice in the field of toxicology, with
experience in the CRO and biopharmaceutical
industries. He started his career at Bio/dynamics, Inc, and
then joined Southern Research Institute to build the scientific
capabilities and toxicology business at its newly established
Frederick Research Center site in Frederick, Maryland. Dr. Atkinson
then joined Amgen and worked in the Comparative Biology and
Safety Sciences Group for 10 years. As a scientific director, he
provided expertise in toxicology and safety assessment programs
to project teams. He also served as an early development leader,
and his group was responsible for scientific and operational
oversight for Amgen-CRO outsourcing relationships. Most
recently, he was senior director, toxicology, at the former Agensys
Inc., developing ADCs and other hybrid carrier platforms for
oncology indications.

General Information

Service Award
The Service Award recognizes an individual for long-term
dedication to ACT—including but not limited to service the
College (as Councilor, an officer, or a committee member);
frequent participation in and contribution to the Annual Meeting
(as a speaker, chairperson, or organizing committee member);
and longstanding support of the College’s activities. The recipient
is an ACT member.

Carol C. Lemire Unsung Hero Award

Dr. Atkinson has been an ACT member for over 25 years and has
served the College in many capacities. He has served on many
committees over the years, as well as on Council (1996–1999)
and as Vice President-Elect, Vice President, President, and Past
President (2000–2004). In addition to his role in the leadership
of the College, he has worked behind the scenes of the Annual
Meeting for the past 15 years to organize a golf outing for those
attending the meeting. In addition to ACT, Dr. Atkinson has been
a longtime member of the Society of Toxicology (SOT; 30+ years)
and has served on several SOT committees. He is a member of
numerous other scientific and professional organizations.
Dr. Atkinson received his BS in biology from the University of
Richmond and his MS and PhD in toxicology from the Graduate
Center for Toxicology at the University of Kentucky. He conducted
postdoctoral research at the Tobacco and Health Research
Institute at the University of Kentucky. Dr. Atkinson received
his board certification as a Diplomate of the American Board of
Toxicology in 1991.
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DEADLINE
MARCH 31

CALL FOR

AWARD
NOMINATIONS

NOMINATE AT
WWW.ACTOX.ORG

Celebrating
our past while
soaring into the

future

Tuesday Exhibit Hall Hours: 9:00 AM–5:00 PM
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EXHIBIT HALL ACTIVITIES
TUESDAY | 12:00 Noon–2:00 PM
•

Predictions for 2029
Boldly Go Where No Toxicologists Have Gone Before

•

40th Anniversary Time Capsule Ceremony and Lite Bites
(12:30 PM–1:30 PM)

•

Continues
See page 11 for details.
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2019 Awards
Early Career Professional Award

North American Graduate Fellowships

The Early Career Professional Award recognizes an ACT member
who has no more than 10 years of experience since completing
the highest degree. Nominees must have demonstrated
outstanding service to the College, including serving as an officer,
Councilor, or committee member and/or frequently participating
and contributing at the Annual Meeting or any other College
activity (for instance, as a speaker, a chairperson, or an organizing
committee member).

The Awards Committee grants two-year fellowships to graduate
students in approved toxicology programs in North America
based on merit of abstracts, career aspirations, and completed
applications. The recipients of the North American Graduate
Fellowships are as follows:

Dr. Francis Wolenski is responsible for
the nonclinical safety evaluation of small
molecules and biologics for oncology,
gastrointestinal disorders, and targeted therapies as a senior
toxicologist at Takeda Pharmaceuticals Company Limited. He
attended undergrad at the Massachusetts Institute of Technology
and received his PhD from Boston University. In 2012, Dr. Wolenski
joined Takeda as a postdoctoral researcher under Dr. Joe Senn. He
is a Diplomate of the American Board of Toxicology (2017).
Dr. Wolenski has attended the ACT annual meetings since 2014.
He was an inaugural member of the ACT Early Career Professional
Outreach Subcommittee, which he co-chaired in 2018, and
currently serves on the Communications Committee. At the 2016
Annual Meeting he organized a speed networking event, in 2017
he co-chaired a Symposium, and in 2019 he is speaking at a
Symposium and a Continuing Education course.
Dr. Wolenski also encourages any early career person reading
this who, like he was five years ago, may be unsure of their place
within ACT to meet their peers, build those connections, and
make this community their own.

Award for Best Paper Published
in International Journal of Toxicology

Benjamin Elser, University of Iowa
Timur Khaliullin, West Virginia University
Matthew Ruis, Duke University

2019

Songyeon Ahn, University of Texas at Austin
Asha Rizor, Florida A&M University

International Travel Grants
The Awards Committee selects up to five graduate students,
postdoctoral fellows, early career professionals, and toxicologists
outside North America for a travel grant based on merit of
abstracts and completed applications. The recipients of these
international travel grants are as follows:
2019

North American Travel Grants
The Awards Committee selects graduate students, postdoctoral
fellows, early career professionals, and toxicologists from North
America for a travel grant based on merit of abstracts. The
recipients of these North American Travel Grants are as follows:
2019

The Award for Best Paper Published in International Journal
of Toxicology recognizes the author(s) of the best manuscript
published in International Journal of Toxicology for each calendar
year. Nominations from all ACT members for papers to be
considered for this prestigious award are welcomed.
ACT recognizes the following title/authors as recipients of the
2019 Award for Best Paper:
International Journal of Toxicology: Volume 37 (1):4–27, 2018.
Paper title: “Toxicology Evaluation of Drugs Administered
via Uncommon Routes: Intranasal, Intraocular, Intrathecal/
Intraspinal, and Intra-Articular”
Authors: A. Emami, J. Tepper, B. Short, T. L. Yaksh, A. M. Bendele,
T. Ramani, A. F. Cisternas, J. H. Chang, and R. D. Mellon
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Rashidat Jimoh, University of Lagos, Nigeria
Kamakshi Mehta, All India Institute of Medical
Sciences, India
Kpobari Nkpaa, University of Port Harcourt, Nigeria
Ganna Shayakhmetova, SI Institute of
Pharmacology and Toxicology NMA of Ukraine,
Ukraine
Abdalla Moursi Wedn, Alexandria University, Egypt

General Information

ACT recognizes Francis Wolenski, PhD, DABT,
as the recipient of the 2019 Early Career
Professional Award.

2018

Kelsey Behrens, University of North Carolina
at Chapel Hill
Tetyana Kobets, New York Medical College
Nataliia Kovalchuk, University of Arizona
Lauren Lewis, Texas A&M University
Sireesha Manne, Iowa State University
Caroline Moore, University of California, Los Angeles
Dharmin Rokad, Iowa State University

Furst Award
The Furst Award, given in memory of Arthur Furst, recognizes
the best student poster presentation at a special poster-judging
competition held Sunday during the Annual Meeting. A panel of
judges determines the Furst Award recipient during dedicated
in-person judging of verbal poster presentations.
2019

Winner to be announced at the Awards Ceremony
and Luncheon, Monday, November 18

2018

Venkata Pallavi Kompella
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SUNDAY Program Agenda
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Sunday Morning CE Courses
Advance registration is required and seating is limited. The deadline for CE course registrants to switch to a different CE course without paying
an additional course registration fee was November 10. Continuing Education (CE) course books will be provided exclusively in electronic
format and will be available to course registrants on the Annual Meeting Materials website. See Mobile Event App for CE speaker abstracts.

Continuing Education Course–CE01
Study Director Training Part A: At the Intersection of Regulations and
Project Management

8:00 AM–11:30 AM
Wildflower A

SESSION CHAIRS: S
 cott E. Boley, Sinclair Research Center LLC, Auxvasse, MO; Heather Dale, Covance, Inc., Madison,

WI; and Shawna L. Weis, ToxStrategies, Inc., Swampscott, MA
EDUCATIONAL SUPPORT PROVIDED BY:

Sinclair Research Center, LLC

This Continuing Education course will review the essential aspects of the role and responsibilities of the Study Director. For Part A,
the presentations will include topics relevant for Study Directors, including a review and history of GLP regulations, managing and
addressing the challenges of multisite studies, and designing toxicology studies to meet evolving animal welfare expectations.
This course is an excellent introduction for new Study Directors and a great refresher course for experienced Study Directors. All
students who complete the course will receive a certificate for course participation, which can be used for continuing education
credits.

CE01-1

8:00 AM–8:10 AM

Introduction

CE01-2

8:10 AM–9:00 AM

A Review and History of the GLP Regulations

CE01-3

9:00 AM–9:30 AM

Managing the Challenges of a Multisite Study

9:30 AM–10:00 AM

Break

10:00 AM–10:15 AM

Managing the Challenges of a Multisite Study (Continued)

10:15 AM–11:00 AM

Animal Welfare, the Institutional Animal Care and Use Committees, and
Accreditation

Robin Guy, Robin Guy Consulting, LLC, Lake Forest, IL

Heather Dale, Covance, Inc., Madison, WI

Heather Dale, Covance, Inc., Madison, WI

Sunday

CE01-4

Scott E. Boley, Sinclair Research Center LLC, Auxvasse, MO

Gary L. Borkowski, AAALAC International, Frederick, MD
11:00 AM–11:30 AM

Problem-Solving and Discussion

American College of Toxicology 40th Annual Meeting 2019
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Sunday Morning CE Courses
Continuing Education Course–CE02
Basic Immunology and New Approaches for
Immunotoxicology Testing

8:00 AM–11:30 AM
Grand Sonoran E

SESSION CHAIRS: G
 ary Burleson, Burleson Research Technologies, Inc., Morrisville, NC; and

Kenneth Hastings, Hastings Toxicology Consulting, LLC, Mount Airy, MD
EDUCATIONAL SUPPORT PROVIDED BY:

Burleson Research Technologies, Inc. and American College of Toxicology

Sunday

The immune system consists of four major components: (1) mediators that call in and activate immunological cells; (2) cells
mediating innate immunity; (3) effector cells responsible for cell-mediated immunity; and (4) cells that provide humoral immunity.
In addition, the vast network of lymphoid cells interacts with both lymphoid and nonlymphoid cells as well as cellular products
to create a functionally intact immune system. Positive and negative feedback control mechanisms govern many of the circuitous
immune networks. If the normal function of a network of cell-to-cell or cell-messenger interaction is perturbed or altered, the host
may risk disease or death. Either a decrease (immune suppression) or an increase (immune enhancement) in the interactions or
production of cellular products may cause deleterious health effects. The physiologic ideal is a homeostatic network of interactions
and cascade effects with the proper positive and negative controls. Many assays are available to evaluate potential immunotoxic
effects of small molecule pharmaceuticals and chemicals. The advent of biologics, their species specificity, and changes and
advances in that field have posed some unique challenges in assessing immunotoxicity. This course will introduce the immune
system and information on how to utilize existing and novel assays to design a thorough immunotoxicology safety assessment
that evaluates all three arms of the immune response: innate immunity, cell-mediated immunity, and humoral immunity.
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8:00 AM–8:10 AM

Introduction

CE02-1

8:10 AM–8:50 AM

Basic Immunology: Cells and Mediators of the Immune System

CE02-2

8:50 AM–9:30 AM

Basic Immunology and Immunotoxicology Testing

9:30 AM–10:00 AM

Break

CE02-3

10:00 AM–10:45 AM

Immunosuppression

CE02-4

10:45 AM–11:30 AM

Immunostimulation: Hypersensitivity—From Allergy to Infusion Reactions

Gary Burleson, Burleson Research Technologies, Inc., Morrisville, NC; and
Kenneth Hastings, Hastings Toxicology Consulting, LLC, Mount Airy, MD

David McMillan, US FDA/CDER, Silver Spring, MD

L. Peyton Myers, US FDA/CDER, Silver Spring, MD

Hervé Lebrec, Amgen Inc., South San Francisco, CA

Marc Pallardy, University Paris-Sud, Châtenay-Malabry, France
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Continuing Education Course–CE03
Leading as the Toxicologist in Pharma: Advancing the Project with a
Cross-Functional Team

8:00 AM–11:30 AM
Grand Sonoran D

SESSION CHAIRS: K
 rishna Allamneni, Turning Point Therapeutics, San Diego, CA; and

Marian Glynn, Tox Clarity, LLC, Napa, CA
EDUCATIONAL SUPPORT PROVIDED BY:

Charles River and American College of Toxicology
Functioning effectively as a toxicologist to advance development of a new drug product requires a breadth of skills beyond
classical scientific training. Before designing a toxicology study, critical data need to be obtained from colleagues in CMC,
pharmacology, pharmacokinetics, clinical, and management roles. As data are generated, they need to be thoughtfully interpreted but also thoughtfully communicated to a range of audiences to guide decision making. This course will discuss how
to initiate a toxicology program, how to communicate with team members to facilitate everyone’s progress toward the next
milestone, and how to meet a range of challenges encountered in evaluating safety in diverse business contexts. The session
will conclude with an interactive discussion of real-world examples.

CE03-1

8:00 AM–8:50 AM

Getting Started: Delineating the Foundation with CMC, Pharmacology,
Pharmacokinetics, and Clinical

Paramita Mookherjee, Omeros, Seattle, WA
8:50 AM–9:30 AM

Staying Grounded on the Critical Path

9:30 AM–10:00 AM

Break

CE03-3

10:00 AM–10:45 AM

Managing in a Matrix and Communicating Findings: When and How

CE03-4

10:45 AM–11:30 AM

Lessons Learned in the Real World

Marian Glynn, Tox Clarity, LLC, Napa, CA

Patricia C. Ryan, AstraZeneca, Gaithersburg, MD

Natalie S. Holman, Eli Lilly and Company, Indianapolis, IN; Kristina DeSmet, United
Therapeutics Corporation, Research Triangle Park, NC; and Francis Wolenski,
Takeda Pharmaceuticals, Cambridge, MA

Sunday

CE03-2

EARLY CAREER PROFESSIONAL
SPEED NETWORKING
MONDAY · 6:30 PM–8:00 PM
WILDFLOWER A

Open to students and registered attendees
with less than 10 years’ professional experience.

Advance registration required, space is limited. Sign up at Registration Desk.
American College of Toxicology 40th Annual Meeting 2019
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Sunday Morning CE Courses
Continuing Education Course–CE04
Toxicological Approaches to Nonmutagenic and Mutagenic
Pharmaceutical Impurities

8:00 AM–11:30 AM
Grand Sonoran F

SESSION CHAIRS: J oel Bercu, Gilead Sciences, Inc., Foster City, CA; and

Timothy J. McGovern, US FDA/CDER, Silver Spring, MD
Pharmaceutical impurities are a natural part of drug development. Chemistry, manufacturing, and controls (CM&C) and toxicology
experts work together to test and control impurities. Lack of control for impurities can result in concerns for both the safety
and the quality of a pharmaceutical. Throughout pharmaceutical development, impurities are evaluated for mutagenic concern.
Mutagenic impurities are typically controlled to lower levels than nonmutagenic impurities. Nonmutagenic impurities are
controlled at or below the qualification threshold, and higher exposures may require additional animal testing. These presentations
will describe the regulatory, scientific, and toxicological aspects of impurities. They will also discuss recent developments and
scientific/regulatory changes on the horizon.

CE04-1

8:00 AM–8:30 AM

Chemistry of Pharmaceuticals: How Impurities Get Introduced and Control
Strategies for Limiting Exposure

Sunday

Olivier Dirat, Pfizer Inc., Sandwich, United Kingdom

22

CE04-2

8:30 AM–9:00 AM

Regulatory Aspects of Nonmutagenic and Mutagenic Pharmaceuticals

CE04-3

9:00 AM–9:30 AM

Qualification of Impurities in Clinical Trials and Beyond

9:30 AM–10:00 AM

Break

CE04-4

10:00 AM–10:30 AM

Hazard Identification and Limits for Mutagenic Impurities

CE04-5

10:30 AM–11:00 AM

Pharmaceutical Impurities in the 21st Century: Scientific and Regulatory
Developments

Timothy J. McGovern, US FDA/CDER, Silver Spring, MD

James Harvey, GlaxoSmithKline plc, Hertfordshire, United Kingdom

John Nicolette, AbbVie Inc., North Chicago, IL

Joel Bercu, Gilead Sciences, Inc., Foster City, CA
11:00 AM–11:30 AM

Panel Discussion

American College of Toxicology 40th Annual Meeting 2019

Sunday Morning CE Courses
Continuing Education Course–CE05
Optimizing Toxicologic Pathology Data for Toxicologists: 10 Concepts
with Recommended Practices

8:00 AM–11:30 AM
Grand Sonoran G

SESSION CHAIRS: D
 aniel J. Patrick, Charles River, Mattawan, MI; and

Noel D. Horton, Charles River, Mattawan, MI
EDUCATIONAL SUPPORT PROVIDED BY:

Charles River and Eli Lilly and Company
It is well known that successful preclinical safety assessment studies depend on reliable and accurate data, which usually include
critical contributions from anatomic and clinical pathology. There are numerous pathology publications that provide insights
and recommendations that reliably improve pathology data and overall study outcomes when implemented. This Continuing
Education course will present 10 of the most important pathology-related concepts, with practical recommendations that
toxicologists can utilize in their preclinical studies. These concepts include using recommended anatomic and clinical
pathology study designs, communicating information with the study pathologist before the evaluation, understanding
what constitutes a properly trained toxicologic pathologist, following recommended histopathology evaluation practices,
appropriately determining the adversity of pathology data, using pathology diagnostic terminology that is globally harmonized
and Standard for Exchange of Nonclinical Data (SEND) compliant, knowing when and when not to use pathology historical
control data, implementing pathology quality control measures such as pathology peer review, and following recommended
pathology reporting practices. This course will be presented by globally recognized toxicologic pathologists who have actively
promoted and authored publications on these topics.

CE05-1

8:00 AM–8:45 AM

Recommended Anatomic and Clinical Pathology Study Designs and Prestudy
Communication

Armando Irizarry, Eli Lilly and Company, Indianapolis, IN

CE05-2

8:45 AM–9:30 AM

Prudent Practices for Picking Pathologists, Handling Histopathology, and
Assigning Adversity

CE05-3

9:30 AM–10:00 AM

Break

10:00 AM–10:45 AM

SENDing the Pathology Data We Have INHAND and Factors to Consider When
Using Pathology Historical Control Data

Charlotte M. Keenan, C.M. Keenan ToxPath Consulting, Doylestown, PA

CE05-4

10:45 AM–11:30 AM

Sunday

Brad Bolon, GEMpath Inc., Longmont, CO

Histopathology Quality Control and the Reporting of Pathology Data and
Interpretations

James D. Fikes, Biogen, Cambridge, MA

11:45 AM–12:45 PM

IJT Editorial Board Meeting
(By invitation only.)

Pinnacle Peak 3

12:00 Noon–12:55 PM

Exhibitor-Hosted Programs

(Open to all attendees. See page 123 for more information.)

American College of Toxicology 40th Annual Meeting 2019
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CALL FOR 2020
SESSION PROPOSALS

Deadline: December 31, 2019
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Sunday Afternoon CE Courses
Advance registration is required and seating is limited. The deadline for CE course registrants to switch to a different CE course without paying
an additional course registration fee was November 10. Continuing Education course books will be provided exclusively in electronic format
and will be available to course registrants on the Annual Meeting Materials website. See Mobile Event App for CE speaker abstracts.

Continuing Education Course–CE06
Study Director Training Part B: Understanding the Science

1:00 PM–4:30 PM
Wildflower A

SESSION CHAIRS: S
 cott E. Boley, Sinclair Research Center LLC, Auxvasse, MO; Heather Dale, Covance, Inc., Madison,

WI; and Shawna L. Weis, ToxStrategies, Inc., Swampscott, MA
EDUCATIONAL SUPPORT PROVIDED BY:

Sinclair Research Center, LLC

This Continuing Education course will review the essential aspects of the role and responsibilities of the Study Director. Part B will
concentrate on the science involved in toxicology studies and will help attendees understand how to evaluate data generated.
Presentations will be made regarding immunotoxicology, biomarkers, anatomic pathology, and regulatory expectations for
an IND package. This course is an excellent introduction for new Study Directors and a great refresher course for experienced
Study Directors. All students who complete the course will receive a certificate for course participation, which can be used for
continuing education credits.

CE06-1

1:00 PM–1:45 PM

Immunotoxicology

CE06-2

1:45 PM–2:30 PM

Biomarkers in Safety Assessment Studies: Integration of Traditional and
Emerging Endpoints

Christopher Loosbroock, Charles River, Reno, NV

Adam Aulbach, Charles River, Mattawan, MI
2:30 PM–3:00 PM

Break

CE06-3

3:00 PM–3:45 PM

The Art and Science of Anatomic Pathology

CE06-4

3:45 PM–4:30 PM

US FDA Reviewer’s Quest for the Message: Regulatory Review of an IND

John Dubinion, US FDA/CDER/OAP, Silver Spring, MD

Sunday

Kenneth A. Schafer, Greenfield Pathology Services, Inc., Greenfield, IN

A Digital Scavenger Hunt in the Exhibit Hall
Join the hunt for “Dr. Fox” for a chance to win
fabulous prizes!
• Using the ACT Mobile App, hunt for Dr. Fox in
participating exhibitors’ booths.
• Retrieve a password from 10 exhibitors to be entered
in prize drawings:
° Bose Wireless Noise Cancelling Headphones
° $250 Visa Gift Card
• Winners to be announced in Exhibit Hall during the
Tuesday afternoon refreshment break.

American College of Toxicology 40th Annual Meeting 2019

See Mobile App
for details
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Sunday Afternoon CE Courses
Continuing Education Course–CE07
Safety Testing of Gene and Cell Therapy: Perspective from Industry,
CROs, and Regulators

1:00 PM–4:30 PM
Grand Sonoran E

SESSION CHAIRS: S
 imon Authier, Charles River, Laval, QC, Canada; and

Raluca Kubaszky, Charles River, Laval, QC, Canada
EDUCATIONAL SUPPORT PROVIDED BY:

AstraZeneca and Charles River

This Continuing Education course is intended to be an overview of the nonclinical testing practices and paradigms for gene and
cell therapy products, with perspectives from industry, CROs, and the US FDA. Gene and cell therapies are emerging as important
modalities to treat a variety of human diseases. Recent advances have led to important scientific breakthroughs including
numerous successful approvals. The time is ripe to review basic concepts in gene and cell therapy, discuss technical approaches
and unique analytical testing methods, provide an overview of nonclinical safety testing strategies and share the US FDA/CBER
perspective on gene and cell therapies. This Continuing Education course is intended to be an overview of the nonclinical testing
practices and paradigms for gene and cell therapy products, with perspectives from industry, CROs, and the US Food and Drug
Administration.

CE07-1

1:00 PM–1:45 PM

An Introduction to Gene and Cell Therapy

CE07-2

1:45 PM–2:30 PM

GLP Analytical Assays for Gene and Cell Therapy Products: Strategies and
Success Factors

Patricia C. Ryan, AstraZeneca, Gaithersburg, MD

Philippe Ancian, Charles River, Évreux, France

CE07-3

2:30 PM–3:00 PM

Break

3:00 PM–3:45 PM

Nonclinical Development Challenges and Strategies for Gene and Cell
Therapy Products: An Industry Perspective

Sunday

Brian J. Mulhern, SciLucent, LLC, Herndon, VA

CE07-4

3:45 PM–4:30 PM

Preclinical Considerations for Gene and Cell Therapy Products:
A CBER Perspective

Abigail L. Shearin, US FDA/CBER, Silver Spring, MD

40th Annual Meeting
Anniversary Program
—Reliving the History of ACT
Sunday 5:30 PM–7:00 PM
Grand Saguaro
(Open to all attendees.)
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Sunday Afternoon CE Courses
Continuing Education Course–CE08
Regulatory Meeting Preparation and Conduct: US, EU, and China

1:00 PM–4:30 PM
Grand Sonoran D

SESSION CHAIRS: K
 ate E. Lane, Translate Bio, Lexington, MA; and

Todd Page, Eli Lilly and Company, Indianapolis, IN
EDUCATIONAL SUPPORT PROVIDED BY:

Paracelsus, Inc.

There are myriad opportunities to meet with regulators during all stages of drug development—from early discussions before
any formal submission to formal meetings at prescribed stages of development. Across the various regions (the US, the EU, and
China), there are important differences in timing of submission, submission content, meeting expectations, and regulatory
feedback. This session will take a step-by-step approach, focusing on the US, the EU, and China separately, allowing time for
questions after each session. The final presentation will bring together some general principles of meeting preparation, etiquette,
and tips for a more successful and effective interaction. The session will wrap up with a panel discussion.

CE08-1

1:00 PM–1:45 PM

Meeting with the US FDA: Preparation, Documentation, Timing, and Planning
for Success

Arianne Motter, US FDA/CDER, Silver Spring, MD

CE08-2

1:45 PM–2:30 PM

Meetings with EMA: Preparation, Timing, Submissions, and Planning
for Success

Leslie Dowling, Real Regulatory Ltd, Ely, United Kingdom

CE08-3

2:30 PM–3:00 PM

Break

3:00 PM–3:35 PM

Regulatory Meetings with Chinese Regulators, a Non–US FDA, Non–EMA
Regulator: Rules, Timing, Preparation, Documentation, and Tips for Success

CE08-4

3:35 PM–4:15 PM

General Principles for Successful Regulatory Meetings

4:15 PM–4:30 PM

Panel Discussion

Thomas Class, Translate Bio, Lexington, MA

American College of Toxicology 40th Annual Meeting 2019

Sunday

Lijie Fu, National Shanghai Center for New Drug Safety Evaluation and Research,
Shanghai, China
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Sunday Afternoon CE Courses
Continuing Education Course–CE09
Metabolites: What Do I Need to Know?

1:00 PM–4:30 PM
Grand Sonoran F

SESSION CHAIRS: H
 olly D. Dursema, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT; and

Tracy M. Williams, Eli Lilly and Company, Indianapolis, IN
EDUCATIONAL SUPPORT PROVIDED BY:

Boehringer Ingelheim Pharmaceuticals, Inc. and American College of Toxicology

Sunday

This course will provide an overview of safety assessment of metabolites in pharmaceutical drug discovery and development
while incorporating key contemporary topics. The objective of this course is to provide participants with an understanding of
current guidance, safety implications of metabolites, approaches for metabolite assessment, and key challenges. After providing
the groundwork of existing guidance, basic concepts of new chemical entity (NCE) metabolism will be discussed. This will include
metabolic considerations for nonsmall molecules (e.g., linkers). Challenges that may be encountered with disproportionate human
metabolites will be reviewed and relevant case studies provided. A US FDA perspective on safety assessment of metabolites,
along with case studies, will be presented. The course material will ensure participants are familiar with guidance expectations
and the challenges that may be encountered in metabolite assessments.
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1:00 PM–1:10 PM

Introduction

CE09-1

1:10 PM–1:50 PM

Metabolites in Drug Discovery and Development: Current Guidance

CE09-2

1:50 PM–2:30 PM

Metabolic Considerations for NCEs and Nonsmall Molecules

2:30 PM–3:00 PM

Break

CE09-3

3:00 PM–3:40 PM

Metabolites in Practice: Examples and Case Studies

CE09-4

3:40 PM–4:20 PM

Metabolites: US FDA Perspective

4:20 PM–4:30 PM

Q&A and Closing Remarks

Tracy M. Williams, Eli Lilly and Company, Indianapolis, IN

Suman K. Mukherjee, Merck & Co., Inc., West Point, PA

Kenneth C. Cassidy, Eli Lilly and Company, Indianapolis, IN

Holly D. Dursema, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT

Carol M. Galvis, US FDA/CDER, Silver Spring, MD

American College of Toxicology 40th Annual Meeting 2019

Sunday Afternoon CE Courses
Continuing Education Course–CE10
What’s New with Nonclinical ICH Guidances?

1:00 PM–4:30 PM
Grand Sonoran G

SESSION CHAIRS: T
 imothy J. McGovern, US FDA/CDER, Silver Spring, MD; and

LaRonda L. Morford, Eli Lilly and Company, Indianapolis, IN
EDUCATIONAL SUPPORT PROVIDED BY:

Charles Lindamood III Philanthropy Fund
Numerous nonclinical-related ICH guidances are currently under development, undergoing revisions, or developing question
and answer documents to clarify issues. In this session, speakers will provide background information regarding the current ICH
guidances S1, S7B/E14, M7, S5, and S11 and will update the audience on current activities of the Expert Working Groups. These
include a new S11 guidance addressing the need for and conduct of juvenile animal studies, a newly developed Concept Paper
on clinical QT assessments, a Q&A document for ICH M7 as well as addition of new compounds to the Addendum, a revised S5
guidance on developmental toxicity, and a current exercise evaluating the need for two carcinogenicity studies (S1).

CE10-1

1:00 PM–1:30 PM

ICH S7B/E14

CE10-2

1:30 PM–2:00 PM

ICH M7: Recommendations for the Evaluation of DNA-Reactive Impurities and
Current Activities

Hugo M. Vargas, Amgen, Inc., Newbury Park, CA

Aisar Atrakchi, US FDA/CDER, Silver Spring, MD

CE10-3

2:00 PM–2:30 PM

The ICH S5(R3) Revision to “Detection of Toxicity to Reproduction for Human
Pharmaceuticals”

2:30 PM–3:00 PM

Break

CE10-4

3:00 PM–3:30 PM

ICH S1: Reevaluating Traditional Carcinogenicity Testing

CE10-5

3:30 PM–4:00 PM

ICH S11: Nonclinical Safety Testing in Support of Pediatric Medicines

4:00 PM–4:30 PM

ICH General Discussion

5:30 PM–7:00 PM

Timothy J. McGovern, US FDA/CDER, Silver Spring, MD

LaRonda L. Morford, Eli Lilly and Company, Indianapolis, IN

Sunday

Alan M. Hoberman, Charles River, Horsham, PA

40th Annual Meeting Anniversary
Program—Reliving the History of ACT
(Open to all attendees. See page 11 for more information.)

Grand Saguaro
7:00 PM–8:30 PM

Welcome Reception—Party Like It’s 1979!
(Ticketed event. See page 11 for more information.)

Sunset Lawn

American College of Toxicology 40th Annual Meeting 2019
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Monday Morning Sessions
Plenary Lecture 1
The Healing Power of Nutrition: How Diet Can Reshape the Gut
Microbiome and Influence the Balance between Health and Disease

8:00 AM–8:55 AM
Grand Saguaro

Alessio Fasano, MD

W. Allan Walker Chair, Pediatric Gastroenterology and Nutrition; Chief, Division of Pediatric Gastroenterology
and Nutrition; Director, Center for Celiac Research and Treatment; Director, Mucosal Immunology and
Biology Research Center; Associate Chief, Department of Pediatrics, Basic, Clinical and Translational Research,
MassGeneral Hospital for Children; Professor of Pediatrics, Harvard Medical School; and Professor of Nutrition,
Harvard T.H. Chan School of Public Health
Alessio Fasano, MD, is a professor of pediatrics at Harvard Medical School and the director of
the Mucosal Immunology and Biology Research Center at MassGeneral Hospital for Children
(MGHfC). Dr. Fasano’s current research expertise encompasses basic science focused on
bacterial pathogenesis, gut microbiome composition and function in health and disease, the
regulation of gut permeability, and intestinal mucosal biology and immunology, as well as
translational science focused on the role of impaired intestinal barrier function in the
pathogenesis of autoimmune and inflammatory diseases, including celiac disease and type
1 diabetes. In 2000, Dr. Fasano’s group was responsible for the discovery of zonulin, a protein
involved in the regulation of tight junctions that is released in conditions of dysbiosis. The
director of the Center for Celiac Research and Treatment at MGHfC, Dr. Fasano is also the
author of Gluten Freedom. Dr. Fasano is widely sought after as an expert in celiac disease,
intestinal permeability, and autoimmune disorders.
Abstract
Improved hygiene leading to a reduced exposure to microorganisms has been implicated as one possible cause for the
recent “epidemic” of chronic inflammatory disease (CID) in industrialized countries. This is the essence of the hygiene
hypothesis that argues that the rising incidence of CID may be, at least in part, the result of lifestyle and environmental
changes that have made us too “clean” for our own good. Apart from genetic makeup and exposure to environmental
triggers, three more elements have recently been identified as key players in the pathogenesis of autoimmunity. A third
element, the inappropriate increase in intestinal permeability, which may be influenced by the composition of the gut
microbiota, has been proposed. The immune system responsible for the tolerance-immune response represents the
fourth element involved in the pathogenesis of CID. Finally, the composition of the gut microbiome and its epigenetic
influence on the host genomic expression have been identified as a fifth element in causing CID.

Monday

The gut microbiome consists of more than 100 trillion microorganisms, most of which are bacteria. It has just recently
been recognized that there is a close bidirectional interaction between the gut microbiome and our immune system,
and this cross talk is highly influential in shaping the host’s gut immune system function and, ultimately, shifting genetic
predisposition to clinical outcome. This observation has led to a revisitation of the possible causes of the CID epidemic,
suggesting a key pathogenic role of microbiome composition. While factors such as modality of birth delivery, neonatal
feeding regimens, infections, and use of antibiotics can influence microbiota composition, diet is by far the most
important variable affecting the gut ecosystem. Therefore, reshaping gut microbiota through dietary manipulation is
becoming an extremely active area of research for the prevention or treatment of a multitude of CIDs.

American College of Toxicology 40th Annual Meeting 2019
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Monday Morning Sessions
1. Symposium
New Developments and Trends in Gene and Cell Therapy

9:00 AM–12:00 Noon
Grand Sonoran D

SESSION CHAIRS: R
 aluca Kubaszky, Charles River, Laval, QC, Canada; and

Brian J. Mulhern, SciLucent, LLC, Herndon, VA
EDUCATIONAL SUPPORT PROVIDED BY:

Charles River and American College of Toxicology
Gene and cell therapy products are making strides in drug development, demonstrated by a rapidly growing number of
such products in development and the recent approvals of products such as Kymriah®, Yescarta®, and Zolgensma®. Given the
advancements and growing enthusiasm for these products, this symposium is focused on discussion of the latest hot topics and
developing trends in the nonclinical safety assessment of gene and cell therapies. First, a case study of a genetically-modified
cell therapy product will be presented to highlight strategies for the design and execution of a nonclinical program. Next, a
framework for evaluating biodistribution and safety pharmacology of CRISPR/Cas9 gene-edited products will be discussed. Third,
lessons learned from the development and approval of engineered T-cell therapies will be reviewed to shed light on the safe use
and toxicity management of these products. Lastly, unique preclinical studies required to support clinical development of gene
and cell therapies will be discussed.

1-1

9:00 AM–9:40 AM

Preclinical Hurdles for Genetically Modified Cell Therapy Programs

1-2

9:40 AM–10:15 AM

Preclinical Biodistribution and Safety Pharmacology Considerations for
CRISPR/Cas9 Gene-Edited Products

Shawna Jackman, Charles River, Horsham, PA

Jonathan Phillips, Intellia Therapeutics, Inc., Cambridge, MA

1-3

10:15 AM–10:45 AM

Break

10:45 AM–11:20 AM

Engineered T-Cell Therapies: What Have We Learned from First-Generation
Efforts?

Rafael Ponce, Shape Therapeutics, Seattle, WA

1-4

11:20 AM–12:00 Noon

Preclinical Studies Supporting Clinical Development of Gene and Cell
Therapies: From Pharmacodynamics to Biodistribution, Stability, and Safety

Monday

Wolfgang Walther, EPO Berlin-Buch GmbH, Buch, Germany
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1-1

1-2

Cell and gene therapy products are on the cutting edge of
drug development, providing ways to deliver drugs, alter
biologic/genetic processes with long-lasting effects, and/or
regenerate function. They also provide unique challenges to
preclinical safety programs to support first-in-human trials,
including evaluating the effects of ex vivo manipulation
and demonstrating biological activity of products of human
origin in animal models. To successfully develop and execute
a program that meets regulatory expectations, consideration
of the specific cell product attributes and intended indication
is mandatory. Therefore, cell therapy preclinical safety
programs require customized approaches with specialized
animal models and/or hybrid efficacy/safety models and
sensitive biomarkers of detection for biodistribution,
engraftment, and/or expression. In this presentation, a
genetically modified cell therapy product will be highlighted
to discuss effective strategies for the design and execution of
preclinical safety studies for these cellular therapeutics.

Highly specific genome editing promises to resolve the root
cause of many genetic diseases. While precise editing can
influence disease outcomes, other biological consequences
may result. Effects of on-target editing can vary depending
on cell type. For in vivo editing approaches, distribution of
editing cargo will influence which cell types are subject to
editing. Subsequent distribution of the edited cells can verify
durable effects in specific tissue compartments. Experience
with in vivo–edited transthyretin (TTR) will be used as an
illustrative example. Outcomes of biodistribution studies can
help formulate safety assessments and follow-up studies to
evaluate the impact of editing. Toxicology studies can also
be informed by biodistribution results indicating editing
in unintended cell types. Preclinical model selection may
present novel challenges for properly evaluating a CRISPR/
Cas9 edited product. Model selection can aid in evaluating
phenotypes associated with target biology, which can also
support true safety pharmacology assessments. A framework
for considering biodistribution and safety pharmacology
for CRISPR/Cas9 gene-edited products is proposed in
this discussion.
American College of Toxicology 40th Annual Meeting 2019

Monday Morning Sessions
1-3
The successful marketing approval of two CD19 CAR T-cell
therapeutics has established an important new option
for treating otherwise intractable cancers. These products
also represent the successful convergence of molecular,
genetic, and cellular engineering efforts to reshape cellular
functionality. This synthetic biology evolution continues with
both the extension of the current technologies to novel cell
types and the expansion of novel functionality into the T cell,
with the hope of broadening and deepening responses in
specific cancers. This talk will review the design of engineered
TCR T cells and chimeric antigen receptor (CAR) T cells, with a
focus on engineering and manufacturing aspects designed
to confer specific pharmacology on the T cell. Lessons learned
from translational biology and correlative analyses provide
insight into process-, product-, and patient-specific factors
that underlie both safety and efficacy. An understanding of
key class-specific toxicities is emerging, which can inform the
safe use and toxicity management of these therapies.

1-4
Gene therapy for treatment of cancer diseases has grown
in importance over the last decade and has entered clinical
application. This is reflected by the fact that more than 60% of
all gene therapy trials are aiming at treatment of cancer and
that their number is still increasing worldwide. In this regard,
knowledge on safety, biodistribution, and clearance of

vectors for gene therapy is essential. In cancer gene therapy,
viral and nonviral vectors are well-established technologies
for effective introduction of the respective transgenes.
Particularly, nonviral vectors are of increasing attractiveness.
This is due to new developments in vector design (minicircles,
miniplasmids, minimalistic vectors, etc.) to improve vector
transduction and stability as well as transgene expression,
and transfer technologies (e.g., physical, liposomal, lipoplex
technologies), which aid gene transfer to the tumor cells.
Currently, 18% of gene therapy trials employ nonviral
vectors. In vivo studies with cell line–derived xenograft (CDX)
and patient-derived xenograft (PDX) models, and more
importantly clinical gene therapy trials, generate important
data on pharmacodynamics, biodistribution, clearance,
and stability of nonviral vectors, as important parameters
for efficient and safe application of such vectors for future
clinical applications. Such data will have an impact on design
and performance of future clinical gene therapy trials to
better control vector use and to improve therapeutic efficacy
in patients. Cell therapies are mainly based on human stem
cells, for which the loss of tumorigenicity and teratogenicity
has to be shown. Tumorigenicity and teratogenicity assays
will be discussed, and case studies involving cell therapy
products will be presented.

2. Symposium
Drug Discovery and Development in the 21st Century

9:00 AM–12:00 Noon
Grand Sonoran E

SESSION CHAIRS: M
 ichael Santostefano, Merck & Co., Inc., Boston, MA; and

Debie Hoivik, Akebia Therapeutics, Cambridge, MA
EDUCATIONAL SUPPORT PROVIDED BY:

Drug development has been changing considerably over the past several years. There has been an ever-increasing shift from
the approval of primarily new chemical entities to protein therapeutics, such as monoclonal antibodies and fusion proteins,
as well as entities at the interface of chemicals and biologics (e.g., oligonucleotides and protein-drug antibodies). In parallel
to the emergence of these more novel agents, there has been considerable development and application of emerging digital
technologies, such as digital pathology, tissue image analysis, and machine learning. This session will provide a snapshot of
considerations regarding the development and applicability of some of these modalities and technologies to drug discovery
and development. Specifically, this session will discuss development aspects of oligonucleotides and small molecules targeting
RNA splicing machinery and how machine learning and artificial intelligence can utilize general pharmacology data to predict
therapeutic liabilities or aid in the discovery of safer candidates. Nucleic acid-based and tumor-targeted therapeutic programs
offer a unique opportunity to explore consistencies and variances in the pharmacokinetic and toxicity profile. From a technology
perspective, digital pathology will display how these tools and artificial intelligence approaches are being applied, and advantages
and disadvantages will be demonstrated via case examples. While these agents and technologies are not entirely new, their
development and utilization are helping to more quickly bring safer and more directed medicines to patients. Science is changing
rapidly, and this session will help to ensure therapeutic safety scientists are prepared for drug discovery and development in the
21st century.

2-1

9:00 AM–9:25 AM

Monday

Merck & Co., Inc.

Nucleic Acid Therapies: Safety Differentiators and Regulatory Considerations
for Development

Natalie Keirstead, Merck & Co., Inc., West Point, PA

American College of Toxicology 40th Annual Meeting 2019
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Monday Morning Sessions
2-2

9:25 AM–9:50 AM

Small Molecules Targeting the mRNA Splicing Machinery: Lessons Learned
on PD and Safety from Risdiplam

Lutz Mueller, F. Hoffmann-La Roche Ltd, Basel, Switzerland

2-3

9:50 AM–10:15 AM

Deep Machine Learning for Drug Candidate Assessment and Optimization in
Preclinical Safety

Friedemann Schmidt, Sanofi-Aventis Deutschland GmbH, Frankfurt am Main,
Germany

2-4

10:15 AM–10:45 AM

Break

10:45 AM–11:10 AM

Emerging Clinical and Investigative Image Analysis Approaches and
Applications in Computer-Assisted Diagnostic Digital Pathology

R. Mark Simpson, NIH/NCI, Bethesda, MD

2-5

11:10 AM–12:00 Noon

Utility of Digital Image Analysis in Preclinical Drug Development and an
Introduction to Machine Learning: Parts I and II

Vanessa Schumacher, F. Hoffmann-La Roche Ltd, Basel, Switzerland

2-1

Monday

Decades in the making, nucleic acid–based therapeutics are
now beginning to deliver on their considerable promise to
become a third significant modality class, alongside small
molecule and biologic classes, with applications across many
therapeutics areas. Several antisense oligonucleotide (oligos)
drugs have already received regulatory approval and are on
the market, and the first RNAi US FDA approval was granted
in 2018. In addition, numerous mRNA and CRISPR therapeutic
programs have entered clinical stages of development.
Despite the commonality of being nucleic acid based,
the safety profiles can differ, and broad generalizations of
toxicity-related findings should be carefully considered.
This presentation will provide an overview of some of the
preclinical safety considerations from a development and
regulatory perspective, with specific focus on mechanisms
of toxicity and the pharmacology and toxicity studies that
are recommended for inclusion in Investigational New
Drug (IND) applications. Topics to be discussed include
the commonalities and differences among nucleic acid–
based therapeutics; current approaches to address specific
and nonspecific toxic effects in nonclinical safety studies;
and nonclinical regulatory considerations from FIH to
carcinogenicity studies.
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2-2
RNA as a drug target offers opportunities to modulate
numerous cellular processes, including those linked to the socalled undruggable protein targets. Targeting RNA with small
molecules may drastically expand the toolbox to design safe
and efficacious medicine for almost any disease. Currently,
approved protein-targeted drugs interact with fewer than
700 gene products, and an estimated 10%–15% of proteins
are thought to be disease related. Altering the natural process
of pre-mRNA splicing can change the formation of splicing
products and influence the level of the corresponding protein
products. Risdiplam, a small molecule RNA splice modifier,
has been developed to interact with the RNA/protein splicing

machinery to shift RNA splicing of the survival motor neuron
2 (SMN2) gene to include exon 7 and to generate a functional
protein. This is expected to be disease modifying as the
SMN1 gene is mutated and dysfunctional in patients with
the rare spinal muscular atrophy (SMA) disease. The journey
to arrive at this clinically efficacious small molecule involved
surpassing safety and selectivity hurdles, which are unique in
the combination of these challenges in drug development.

2-3
Patients, product manufacturers, and regulatory authorities
share a demand for deep characterization of potential health
risks associated with chemical or pharmaceutical products.
Over the past several years, the classical toxicity testing of
substances has therefore been increasingly complemented
by in vitro and in silico methods. Machine learning, particularly
deep learning, has been recognized as a key technology for
artificial intelligence applications and digitalization. We will
describe a deep learning (DL) framework implemented and
broadly validated in support of drug research projects. Typical
applications are the early identification of drug liabilities and
contribution to understanding of liabilities, such as safety
pharmacology, hepatobiliary metabolic toxicity, off-target
mediated clastogenicity, and preclinical photo-safety. In
our experience, DL often outperforms benchmark methods.
Particularly, “Multitask”-DNNs can be tweaked to describe
multiple endpoints simultaneously in a single framework,
further improving the performance of individual models.
Apparently this approach capitalizes on hidden trends or
correlation even between orthogonal ADME-toxicology
assays or endpoints. This feature can be particularly
rewarding when working with small toxicology datasets. Our
models are managed and deployed in the Google TensorFlow
environment, which also enables broad application to novel
research compounds.
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Digital computational pathology, a high-velocity, rapidly
progressing field disrupting classical diagnostics, has
significant ramifications for clinical diagnosis and drug
safety assessment. Whole-slide image (WSI)–based
digital pathology systems (DPS) are basically composed
of commercially available technology that enables a
traditionally prepared pathology tissue section mounted on
a glass slide to be optically scanned through digital image
capture. This permits a user to then pan, magnify, and view
the slide image from a database on a digital display monitor,
analogous to conventional microscopy. Capabilities permit
traditional pathology assessments to be accomplished using
readily recalled image data from related studies for sideby-side comparisons. Additionally, remote telepathology
consultation and image annotation can be executed in
real time with colleagues having network access at other
company sites. DPS are forecast to grow at a compound
annual rate of 12.1% from 2016 to 2021. Drivers include rising
cancer prevalence and increasing demand for telepathology
consultations, as well as utilization for drug discovery and
companion diagnostics. In addition to database organization
and retrieval of histopathology images, the greatest impacts
are anticipated to be due to image analysis and pathology
informatics now merging into pharmaceutical research,
computer-assisted clinical diagnostics, and education.
While regulatory policy continues to prescribe conventional
microscopy for traditional assessment of test article
compound–exposed tissues from in vivo preclinical studies,
this fact is likely to be impacted in the future, as examination
of WSI moves further into the realm of patient primary
clinical diagnosis. Notwithstanding current regulatory
policy, discovery and nonregulatory studies benefit from
DPS capacity to enable greater objectivity through more
reproducible, quantitative computational data that can

be generated from digitized images. Furthermore, there
is a dynamic spectrum of data management and analysis
capabilities for WSI providing the potential for image
analysis automation and artificial intelligence applications
in computational image data development that move
beyond visual inspection of tissue alone. The objective of the
presentation will be to indicate how WSI analysis technology
is being validated for clinical and preclinical diagnosis, using
example approaches and data that can be generated to
inform discovery science.

2-5
Digital pathology and image analysis not only have impacted
diagnostic pathology and academic research but also are
commonly utilized in drug development research. This
encompasses aspects such as target expression analysis
via immunohistochemistry in human and animal tissues,
analysis of early efficacy studies and toxicology studies, and
digital pathology in the peer-review process. Most recent
advances in this field have been driven by the application
of machine learning and deep learning. These fields within
artificial intelligence (AI) have been demonstrated to be
powerful tools when it comes to histopathology. We will give
an overview of cases where AI-powered tools can be useful
in driving timely decision making by generating robust and
reproducible data and improving workflow efficiency. Using
these examples, we will outline important points to consider
regarding implementation of digital pathology, including
aspects of collaboration, slide evaluation, image analysis,
and AI. The presentation will be divided in two parts. Part I
will focus on introduction of the topic, basic concepts, and
the current state of digital peer review. Part II will focus on
examples of machine learning tools and their use cases
in pathology.

3. Workshop
Regulatory Expectations and Scientific Practices in the Safety
Assessment of Excipients in Therapeutic Products

9:00 AM–12:00 Noon
Grand Sonoran F

SESSION CHAIRS: A
 rmaghan Emami, US FDA/CDER, Silver Spring, MD; and

Denis Roy, SciLucent, LLC, Herndon, VA
EDUCATIONAL SUPPORT PROVIDED BY:

The safety assessment of excipients in drug products can be challenging when evaluating new formulations, new routes of
administration, new indications (acute versus chronic), or new populations. Even with the publication of guidance documents
on nonclinical safety evaluation of pharmaceutical excipients, there are still numerous examples where drug developers meet
unexpected challenges or obstacles, often attributable to improper characterization of the risks and/or inadequate understanding
of the regulatory requirements surrounding excipients. This Workshop provides some key concepts and practical approaches in
assessing the safety of excipients from both a systemic and a local toxicity concern. The Workshop will highlight challenges
and limitations of the Center for Drug Evaluation and Research (CDER) Inactive Ingredients Database (IID), leveraging data in
Master Files, novel routes of administration (such as transdermal or topical delivery systems), and pediatric formulations. It will
specifically include safety assessment of flavors in drug products and the limitations of various generally recognized as safe
(GRAS) designations commonly submitted to support the safety of excipients contained in Investigational New Drug products.
This Workshop will also present industry and US FDA/CDER review division case studies that illustrate current and applicable
challenges and how to effectively design a robust approach to the safety of excipients in new therapeutic formulations.
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9:00 AM–9:30 AM

US FDA Regulatory Requirements for Safety Evaluation of Excipients

3-2

9:30 AM–9:55 AM

Common Challenges and Pitfalls in Excipient Safety Evaluation: An Industry
Perspective

R. Daniel Mellon, US FDA/CDER, Silver Spring, MD

Denis Roy, SciLucent, LLC, Herndon, VA

3-3

9:55 AM–10:15 AM

Case Studies (1): “Real-Life” Safety Evaluation of New Excipients in Dermal
Patch (Topical Delivery System) Formulations

Armaghan Emami, US FDA/CDER, Silver Spring, MD
10:15 AM–10:45 AM

Break

3-4

10:45 AM–11:15 AM

History of Safety Assessments for Flavoring Ingredients in Foods

3-5

11:15 AM–11:40 AM

Excipients and Special Populations: Points to Consider—An Industry
Perspective

Timothy Adams, US FDA/CFSAN, College Park, MD

Mitchell Friedman, Takeda Pharmaceuticals, San Diego, CA

3-6

11:40 AM–12:00 Noon

Case Studies (2): Safety Evaluation of Excipients Intended for Pediatric
Patients

Jay Chang, US FDA/CDER, Silver Spring, MD

3-1

3-3

This introductory presentation will provide an overview of
the regulatory expectations for drug product excipient safety
assessment, including a discussion of the existing guidance
document recommendations, limitations of the CDER IID and
GRAS designations, and challenges faced by regulators when
sponsors propose the use of new or novel excipients. This
presentation will discuss the regulatory considerations in the
qualification requirements for “new” excipients as defined
by the existing guidance documents. The presentation will
illustrate these challenges by drawing upon examples of
challenges faced by both the Agency and sponsors of drug
products during development, including reliance on the
CDER Inactive Ingredients Database, GRAS designations,
justification of safety for flavoring agents, and attempt to
leverage data in Drug Master Files (DMFs).

As the use of dermal patches as a drug delivery system
increases, toxicology assessments of drugs administered via
this route play an important role in evaluating the potential
local adverse effects to patients. This presentation provides
a practical illustration of the regulatory requirements
associated with development of drugs intended for this
route and case studies that illustrate associated challenges
as well as approaches to addressing complex scenarios when
qualifying the safety of excipients. The presentation will also
include a discussion on how to evaluate safety margins based
on local and systemic toxicity of excipients.

Monday

3-2
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This presentation will provide an industry perspective on the
challenges of meeting regulatory agency expectations to
support the use of excipients in therapeutic products. The key
aspects of excipient safety considerations and requirements
will be integrated with real-life examples of development
challenges, including novel excipients, reformulations,
leveraging GRAS-listed excipients, use of novel or known
excipients in delivery systems, and/or use in special routes
of administration. Common mistakes/pitfalls companies
encounter in leveraging safety information on excipients,
including the use of regulatory precedents (e.g., approved
products), literature information, and/or dietary/food safety
databases (acceptable daily intakes [ADI], permissible daily
exposures [PDE], and GRAS), will also be presented, along
with practical approaches to avoid product development
delays or regulatory issues.

3-4
Since 1960, the Flavor and Extract Manufacturers Association
(FEMA) has supported an independent, continuous program
of safety evaluation of flavoring substances. Under a US FDA
contract, FEMA compiled safety data on all existing flavoring
substances and organized these data into 69 monographs
on congeneric groups exhibiting similar biochemical and
toxicologic properties. In 1995, US FDA proposed a novel
global flavor safety evaluation program to the Joint FAO/
WHO Expert Committee on Food Additives (JECFA), which
subsequently adopted the procedure in 1996. Flavors were
first classified according to one of three classes of relative
toxicity using the Cramer et al. (1978) Decision Tree (CDT).
The intake of a substance is compared with the Threshold of
Toxicological Concern (TTC) determined for its CDT class. If
intake is below the TTC, a substance is concluded to be safe;
if above the TTC, the substance is evaluated based on its data
taken in the context of data for the congeneric group. To
date, approximately 3,000 substances have been successfully
evaluated and added to a global positive list of flavoring
agents. An updated, expanded version of the CDT and new
American College of Toxicology 40th Annual Meeting 2019
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TTC values will provide an additional tool in safety evaluation
of all chemical substances with low-exposure scenarios.

3-5
NMEs often behave differently in different populations, but
what about excipients? This talk will focus on some of the
considerations that should go into drug product design
where special populations are involved. Pediatric and geriatric
patients will be discussed, as well as other populations that
may be adversely affected by excipients such as alcohols,
DMSO, cyclodextrins, and propylene glycols. We’ll also delve
into different routes of administration and how excipient use
can and should be changed to accommodate these special
use situations.

3-6
Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c),
all applications for new active ingredients (which include
new salts and new fixed combinations), new indications,
new dosage forms, new dosing regimens, or new routes of
administration are required to contain an assessment of
the safety and effectiveness of the product for the claimed
indication(s) in pediatric patients unless this requirement
is waived, deferred, or inapplicable. Under the Food and
Drug Administration Safety and Innovation Act (FDASIA),
a pediatric study plan (PSP) must be submitted within 60
days of an End-of-Phase-2 (EOP2) meeting that outlines the
pediatric studies planned or a request for a deferral, partial
waiver, or waiver of studies. In addition, the PSP should
specifically provide a justification for why nonclinical juvenile
animal studies are or are not needed to support the pediatric
drug development program, and this should include an
assessment of the drug product excipients. This presentation
will discuss the regulatory expectations for the nonclinical
information needed to justify the safety of excipients
intended for pediatric patients and provide examples of
appropriate strategies to test these compounds in juvenile
animal studies to support dosing in this patient population.

4. Symposium
Water Quality Issues: Causes, Concerns, and Remedies

9:00 AM–12:00 Noon
Grand Sonoran G

SESSION CHAIRS: V
 incent Murphy, STILLMEADOW, Inc., Sugar Land, TX; and

Mellessa M. Miller, University of Memphis, Bartlett, TN
Every day, we use water for drinking, bathing, cooking, and cleaning. We trust that those who oversee our water supply maintain its
quality and that it is safe for our families’ use. Unfortunately, quality can be compromised when water supplies are contaminated.
Contamination has resulted from changes in water supply, delivery, and treatment procedures, as well as from natural disasters
like floods and hurricanes and spills from industrial and mining sites. Of interest to toxicologists is contamination from heavy
metals and industrial or agricultural chemicals. This Symposium will highlight some of the recent contamination incidents—
including the lead contamination of the Flint, Michigan, water supply and industrial chemical contamination at Camp Lejeune
in North Carolina and the Fox River in Wisconsin—and it will explore how the water supply was compromised and what health
concerns resulted from the contamination. Additionally, speakers will discuss the remedies to improve the water quality and how
to avoid a future occurrence. Research into evaluating the exposure and risk to the population will be presented.

9:00 AM–9:25 AM

Lead (Pb) Exposure and Associated Adverse Health Outcomes during the
Flint, Michigan, Water Crisis: Quantifying the “Unknown”

Siddhartha Roy, Virginia Polytechnic Institute and State University, Blacksburg, VA

4-2

9:25 AM–9:50 AM

The Impact of the Flint Water Crisis on Fertility

4-3

9:50 AM–10:15 AM

PBPK Modeling Contaminants of Concern in Drinking Water

10:15 AM–10:45 AM

Break

David Slusky, University of Kansas, Lawrence, KS

Monday

4-1

Elaina M. Kenyon, US EPA/ORD/NHEERL, Research Triangle Park, NC
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10:45 AM–11:10 AM

Impact of PCB Contamination in Fox River Using Rodent Model Linking the
Human Implications

Mellessa M. Miller, University of Memphis, Bartlett, TN

4-5

11:10 AM–11:40 AM

Reconstructing VOC-Contaminated Drinking Water Concentrations for
Epidemiological Studies at US Marine Corps Base Camp Lejeune, North
Carolina

Morris L. Maslia, M. L. Maslia Consulting Engineer, Peachtree Corners, GA

Monday

11:40 AM–12:00 Noon

38

Panel Discussion

4-1

4-2

Ever since a citizen science collaboration between Flint,
Michigan, residents and the Virginia Polytechnic Institute
and State University (Virginia Tech) research team exposed
citywide water lead contamination in August 2015, there has
been widespread concern regarding consumer exposure to
lead during the Flint Water Crisis (FWC). The FWC was triggered
when the City of Flint switched its water supply from Lake
Huron to the Flint River in April 2014 without implementing
federally mandated corrosion control treatment, causing a
spike in lead levels in Flint’s tap water. It is acknowledged
that water lead sampling approaches used violated federal
law, rendering the available official data useless. The nearly
complete lack of data on lead levels in Flint’s tap water
and associated uncertainties with human exposure from
April 2014 to August 2015 have ultimately led to intense
speculation, proxy research, and controversy. Proxy research
using blood lead measurements by Flint pediatricians, CDC,
and others has tied the source water switch to a doubling
of the percentage of children less than six years old with
elevated blood lead (EBL; >= 5ug/dL) among other illnesses
and deaths, in the now internationally acknowledged case
of environmental injustice. Depending on the news source,
one may gather that all Flint’s children were “poisoned” or
that the persistent spotlight on FWC was tantamount to
“toxicohistrionics.” Understanding what occurred during the
FWC, therefore, remains of great scientific, social, political,
and legal interest. This presentation will highlight a novel
approach that utilizes routine monthly lead in sewage
sludge (or biosolids) monitoring data to examine lead release
to sewage via potable water. We successfully link lead in
biosolids to water lead levels pre-, during, and post-FWC,
which is consistent with the changes in children’s blood lead.
The analyses confirmed expectations that other lead sources
(i.e., paint, dust) were probably major contributors to blood
lead at times other than summer 2014, even though higher
lead in water persisted through at least October 2015, when
public health interventions, including provisions for bottled
water and lead filters, were implemented. Furthermore, we
use an age-specific biokinetic model to mimic low, typical,
and extreme lead exposure scenarios seen pre-, during, and
post-FWC to estimate adverse health outcomes in young
children and pregnant women. Finally, we use data and
findings from historical events like the USA Today building
miscarriage cluster (1987–1989) and Washington, DC, lead in
drinking water crisis (2001–2004) to place the FWC in broader
historical and public health context.

Flint, Michigan, switched its public water source in April
2014, increasing exposure to lead and other contaminants.
We compared the change in the fertility rate and in health at
birth in Flint before and after the water switch to the changes
in other cities in Michigan. We found Flint fertility rates
decreased by 12% and overall health at birth decreased. This
effect on health at birth is a function of two countervailing
mechanisms: negative selection of less healthy embryos and
fetuses not surviving (raising the average health of survivors)
and those that survived being scarred (decreasing average
health). We untangle this and find a net of selection scarring
effect of 5.4% decrease in birth weight. Due to long-term
effects of in utero exposure, these effects are likely lower
bounds on the overall effects of this exposure.

4-3
Physiologically based pharmacokinetic (PBPK) models
are a well-accepted tool used by regulatory agencies for
multiple risk assessment applications. These applications
include exposure route extrapolation, exposure scenario
extrapolation, and cross-species extrapolation. All of
these extrapolation areas are key to performing credible,
scientifically sound human health risk assessment, and
frequently, all are performed in the process of developing
health-protective exposure limits for pollutants in multiple
media. In this talk, the utility of PBPK modeling will be
illustrated using bromodichloromethane, a drinking water
disinfection byproduct, as a case study. This model has
multiple risk analysis applications, including multiroute
exposure assessment, prediction of toxicity based on internal
dose to target tissues, risk analysis for potentially susceptible
subpopulations, and prediction of the effect(s) of changes in
disinfection scenarios on tissue dosimetry and toxicity.
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The Fox River in northern Wisconsin has accumulated a
number of toxins due to waste disposal into the river for over
100 years. This buildup of toxic waste included arsenic, lead,
mercury, and polychlorinated biphenyls (PCBs). However,
the predominant contaminant in the water that posed the
most threat to humans and the ecosystem was found to be
PCBs. PCBs biomagnify as they move up the aquatic food
chain as larger organisms consume PCB-contaminated
food sources, and eventually, this includes humans who
ate contaminated fish. Over time, this adversely affected
the wildlife and ultimately impacted the human population
that lived along the Fox River. Additionally, PCBs are very
lipophilic and are stored in fatty tissue, resulting in their
bioaccumulation. This fatty tissue accumulation allows for
mammals to pass PCBs onto their young in utero and during
lactation. This can affect the next generation, especially
during critical windows of development that can have lasting
implications into adulthood. Clinical studies and research
using a developmental PCB-exposure model in rodents will
connect the dots of the Fox River contamination and its
human impact.

4-5
A US government health agency, the Agency for Toxic Substances and Disease Registry (ATSDR), conducted five epidemiological studies to determine whether volatile organic
compound (VOC)–contaminated drinking water exposures

12:00 Noon–2:00 PM

at US Marine Corps Base Camp Lejeune, North Carolina,
were associated with increased health risks to children and
adults. These health studies required information, data, and
knowledge of contaminant concentrations in drinking water,
at monthly intervals, delivered to family housing, barracks,
and other facilities within study areas. Because concentration
data were limited or unavailable during much of the contamination time frame (1950s–1985), the historical reconstruction
process was used to quantify estimates of monthly mean
contaminant-specific concentrations. Examples of results
show reconstructed (simulated) tetrachloroethylene (PCE)
concentrations reached a maximum monthly average value
of 183 micrograms per liter (µg/L) compared with a onetime maximum measured value of 215 µg/L and exceeded
the current US EPA maximum contaminant level (MCL) of 5
µg/L during the period of November 1957 to February 1987
at the Tarawa Terrace water treatment plant (WTP). Reconstructed trichloroethylene (TCE) concentrations reached a
maximum monthly average value of 783 µg/L compared with
a one-time maximum measured value of 1,400 µg/L during
the period from August 1953 to December 1984 at the Hadnot Point WTP (also exceeding the current US EPA TCE MCL
of 5 µg/L). The epidemiological studies would not have been
able to evaluate exposure-response relationships without
the monthly mean drinking water concentrations produced
by the historical reconstruction process. The ability to evaluate chemical-specific associations and exposure-response
trends, rather than simply comparing exposed to unexposed,
greatly enhanced the impact of these studies and the evidence they provided.

Awards Ceremony and Luncheon
(See page 11 for more information.)

Open to students and attendees with less than 10 years’
professional experience. Advance registration required,
space is limited. Sign up at Registration Desk.

Monday

Grand Saguaro

Transportation will depart from the
front drive of the JW Marriott Desert
Ridge at 7:00 pm. Networking
activities will begin promptly
at 8:00 pm.
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5. Symposium
AAV-Based Gene Therapies: An Introduction, Case Studies, and
Challenges

2:00 PM–5:00 PM
Grand Sonoran D

SESSION CHAIRS: M
 ichael Bolt, Pfizer Inc., Cambridge, MA; and

Laurence Whiteley, Pfizer Inc., Cambridge, MA
EDUCATIONAL SUPPORT PROVIDED BY:

Experimur and American College of Toxicology
Gene therapy is the introduction of nucleic acid(s) into a host cell to replace or repair a lost or mutated gene or to introduce
something novel altogether. Adeno-associated virus (AAV), a DNA parvovirus, is currently the most commonly used vector for
in vivo gene therapies for potential treatment or cure of life-threatening diseases. The purpose of this Symposium is to provide an
overview of AAV-based gene therapies and the nonclinical studies that are needed to support clinical trials. This Symposium will
include a review of the AAV vector field and the current state of its clinical use, a case study of an ophthalmic AAV gene therapy,
and a case study of the biodistribution and toxicity profile of AAV gene therapy following CNS delivery. This Symposium will also
discuss the challenges that industry has been encountering for AAV-associated gene therapies. The session will conclude with a
panel discussion on the need for harmonization and an ICH guidance on AAV-based gene therapy.

5-1

2:00 PM–2:05 PM

Introduction

2:05 PM–2:35 PM

Recombinant AAV-Mediated In Vivo Gene Transfer as a Platform for Drug
Delivery: The Principles, Approaches, and Challenges

Michael Bolt, Pfizer Inc., Cambridge, MA

Guangping Gao, University of Massachusetts Medical School, Worcester, MA

5-2

2:35 PM–3:05 PM

Nonclinical Safety Evaluation of CPK850 for Treatment of RLBP1
Retinitis Pigmentosa

Christopher Thompson, Novartis, Cambridge, MA

5-3

3:05 PM–3:35 PM

Break

3:35 PM–4:05 PM

Biodistribution and Toxicity Profile of an Intrathecally Administered AAV
Gene Therapy

Branka Grubor, Biogen, Cambridge, MA

5-4

4:05 PM–4:25 PM

Regulatory Expectations for Gene Therapy, Regulatory Guidelines, and
Learnings from Industry Experience

Michael Bolt, Pfizer Inc., Cambridge, MA

Monday

5-5

4:25 PM–4:45 PM

Are the Current Gene Therapy Guidance Documents Relevant for Gene
Therapy 2.0?

Joy Cavagnaro, Access BIO, L.C., Boyce, VA
4:45 PM–5:00 PM

Panel Discussion

5-1
Since the first proof of concept human application in the
early ’90s, the field of gene therapy has now entered a
stage of unprecedented revolution for clinical translation
and commercialization. Gene therapy can be accomplished
through in vivo and ex vivo approaches by gene replacement,
for loss-of-function genetic diseases; gene silencing, for gainof-function genetic disorders; gene editing, for any genetic
diseases; and gene addition, for treating acquired diseases.
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The design and selection of vehicles used to deliver the
genetic payload, called vectors, are key elements for successful
genetic therapies. The progress of human gene therapy in the
past decades has been primarily driven by vector technology
platform development. Among the current variety of vectors
available for in vivo gene therapy, recombinant adenoassociated virus (rAAV) stands out for its high efficiency,
stability, and low immunogenicity/toxicity profiles. AAV is a
American College of Toxicology 40th Annual Meeting 2019
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common benign residential virus that can persist in primate
tissues for the lifetime of the host without integration into
the host genome and pathological consequences, holding
great promise for multiple gene therapy applications. Several
recombinant AAV-derived gene therapy drugs have been
approved by European and US regulatory authorities for
commercialization, including the AAV2-based drug, Luxturna
(Spark Therapeutics) for treating a childhood blindness
and the AAV9-based Zolgensma (AveXis) for treating spinal
muscular atrophy. This presentation will provide an overview
of the key principles, history, current challenges, and future
directions of human gene therapy, with a focus on rAAV gene
therapy, and showcase AAV capsid discovery and engineering
to modulate target tissue tropism and biodistribution
profiling, therapeutic gene expression cassette design and
optimization, rAAV transduction biology, and examples of
AAV gene therapy development—from proof of concept
preclinical studies to translational studies in large animal
models to first-in-human clinical evaluation.

with a reporter gene can be valuable in exploring routes
of administration and translating efficacious dose levels
from animal disease models. To confirm biodistribution,
transduction durability, and potential toxicity in an NHP
study with the selected dose and route of administration,
testing the clinical candidate with at least one time point
beyond that used in studies with AAV-GFP can be considered.
Histopathology findings associated with intrathecal delivery
of our AAV gene therapy consisted of asymptomatic
sensory neuronopathy characterized by neuronal cell body
degeneration in dorsal root ganglia and trigeminal ganglia
accompanied by axonal degeneration of the dorsal funiculi
in the spinal cord and axonal degeneration of peripheral
nerves. These histopathologic effects, which were observed
independent of the route of administration, emerged
between day 14 and 28, plateaued by day 90, and did not
progress by day 180 post-injection.

5-2

The EMA and US FDA have published multiple guidance
documents that support the development of gene and cell
therapies. With the recent approval of several AAV gene
therapeutics and many programs in phase 3 development,
there is increasing industry experience and interactions
with worldwide regulatory authorities. This presentation
will provide an overview of regulatory guidelines and results
from an industry survey, conducted by the EFPIA Gene
Therapy Working Group and IQ Pharmaceutical Consortium,
on nonclinical development, and regulatory interactions for
AAV gene therapeutics.

5-3
This presentation will discuss the nonclinical development of
an AAV gene therapy for treatment of a neurodegenerative
disease. Differences in the biodistribution, transduction
efficiency, and toxicity profile in nonhuman primates (NHP)
will be described depending on the route of administration,
dose level, volume, and animal age. Data suggest that at a
physiologically feasible injection volume and regardless of
age, transduction efficiency in the spinal cord motor neurons
via intrathecal delivery is superior with intra cisterna magna
(ICM) injection when compared with lumbar puncture (LP).
Transduction efficiency results between NHP studies with
AAV-GFP versus our AAV gene therapy on day 21 or 28 postinjection are in agreement, indicating that NHP studies
American College of Toxicology 40th Annual Meeting 2019
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The current guidance for developing gene therapy–based
products is consistent with the case-by-case approach
introduced in the late ’90s for advancing protein-based
pharmaceuticals into the clinic. Although flexible, this
approach incorporates the basic toxicological principles
that underlie the traditional, standardized preclinical testing
paradigm (i.e., similar principles, different practices). The
current guidance has served well to advance hundreds
of both ex vivo gene-based cellular therapies and in vivo
gene therapy–based products, including nonviral vectored
therapies, into clinical trials. This includes the various more
recent gene-editing modalities. The intended goal is that the
preclinical program for each investigational gene therapy
product should be individualized with respect to scope,
complexity, and design to maximize the predictive value of
these studies for clinical safety and therapeutic activity. The
unintended goal of developers, albeit necessary, has been
to maximize the predictive value of the program acceptable
to a regulatory agency. As we continue to advance the
novelty of products in this field (e.g., novel vectors, dual
vectors, use of more than one promoter and/or multiple
transgenes in a single vector), as well as more novel routes of
administration and delivery approaches, are we really asking
for a standardized preclinical testing paradigm? Designing
successful programs is both science based and experience
based. Would case studies be more valuable to understand
best practices for current products in development and also
serve as a reference point for the next generation of products?

Monday

Retinitis pigmentosa is a form of retinal degeneration
usually caused by genetic mutations affecting key functional
proteins. We have previously demonstrated efficacy in a
mouse model of RLBP1 deficiency with a self-complementary
AAV vector carrying the gene for human RLBP1 under control
of a short RLBP1 promoter (CPK850). In this communication,
we describe the nonclinical safety profile of this construct
as well as updated efficacy data in the intended clinical
formulation. In Rlbp1-/- mice dosed at a range of CPK850
levels, a minimum efficacious dose of 3x107 vg in a volume
of 1 mL was observed. For safety assessment in these and
Rlbp1+/+ mice, optical coherence tomography (OCT) and
histopathological analysis indicated retinal thinning that
appeared to be dose dependent for both Rlbp1 genotypes,
with no qualitative difference noted between Rlbp1+/+
and Rlbp1-/- mice. In a nonhuman primate study, RLBP1
mRNA expression was detected and dose-dependent
intraocular inflammation and retinal thinning were observed.
Inflammation resolved slowly over time and did not appear
to be exacerbated in the presence of anti-AAV antibodies.
Biodistribution was evaluated in rats as well as from satellite
animals in the nonhuman primate study. The vector was
largely detected in ocular tissues as well as at low levels in
the optic nerve, superior colliculus, and lateral geniculate
nucleus, with limited distribution outside of these tissues.
These data suggest that an initial subretinal dose of ~3x107
vg/mL CPK850 could safely be used in clinical trials.

5-4
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6. Symposium
Development and Regulatory Challenges for Peptide Therapeutics

2:00 PM–5:00 PM
Grand Sonoran E

SESSION CHAIRS: J essica Hawes, US FDA/CDER, Silver Spring, MD; and

Doris Zane, Intarcia Therapeutics, Inc., Hayward, CA
EDUCATIONAL SUPPORT PROVIDED BY:

Biomere

There has been an increased interest in and activity for the use of peptide therapeutics to treat a variety of human diseases,
with innovative strategies for the development of biopharmaceutical pipelines. The number of peptide drugs entering into the
market has increased significantly despite inherent challenges of peptide instability and patient-friendly delivery. Disparities
in interpretation and application of existing regulatory guidances to innovative synthetic and conjugated products have
resulted in challenges for both regulators and sponsors. This Symposium will cover different challenges in peptide therapeutic
development, along with considerations of regulatory challenges. The specific topics to be covered will include the following: (1)
peptide therapeutic progress and future direction, and approaches to discover, optimize, assess, and deliver combination peptide
therapeutics for treatment of diseases; (2) toxicological considerations to deliver peptide drug-device combination products for
efficient development and optimal patient benefit and adherence; (3) industry and regulatory perspectives on the regulation of
synthetic and conjugated peptide products, including exploration of regulatory classifications, interpretations, and application
of existing guidances in determining nonclinical study requirements (ICH M3[R2] versus ICH S6); and (4) discussion of the 2016
HESI working group assessment of genotoxicity testing requirements. Both industry and regulatory professionals will be included
as presenters and discussion facilitators.

6-1

2:00 PM–2:25 PM

Addressing the Challenges of Peptide Drug Discovery and Delivery:
Combination Peptide Therapeutics to Treat Metabolic Diseases

Paul Feldman, Intarcia Therapeutics, Inc., Durham, NC

6-2

2:25 PM–2:50 PM

Toxicological Considerations for Peptide Drug-Device Combination Products

6-3

2:50 PM–3:15 PM

Peptide Drug Hunter: The Third Wave of Intracellularly Targeted Peptide
Therapeutics

Doris Zane, Intarcia Therapeutics, Inc., Hayward, CA

Tomi Sawyer, Maestro Therapeutics, Southborough, MA

6-4

3:15 PM–3:45 PM

Break

3:45 PM–4:10 PM

Genotoxicity Assessment of Peptide/Protein Therapeutics: Perspectives from
a HESI Working Group

Zhanna Sobol, Pfizer Inc., Groton, CT

6-5

4:10 PM–4:35 PM

Nonclinical Studies Supporting Investigational and New Drug Applications
for Peptides

4:35 PM–5:00 PM

Monday

Jessica Hawes, US FDA/CDER, Silver Spring, MD
Panel Discussion

6-1
There has been surgent interest and activity in the use of
peptide therapeutics to treat a variety of human diseases.
Approaches to discover, optimize, assess, and deliver
combination peptide therapeutics for treatment of metabolic
diseases will be presented. Target selection utilizing
observations resulting from Roux-en-Y gastric bypass surgery
and rigorous preclinical assessment of peptide singleton
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and combinations will be reviewed. Peptide optimization
is conducted to select for highly in vivo selective and
potent peptides, and optimized peptide combinations are
preclinically assessed to achieve maximal therapeutic benefit.
Additionally, various considerations to deliver peptide
combinations for efficient development and optimal patient
benefit and adherence will be presented.
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6-2

6-4

Given the inherent physical properties of amino acid polymers and poor stability, delivery of peptide therapeutics to
their intended therapeutic targets represents a particularly
challenging obstacle. Various toxicological considerations to
deliver peptide drug-device combination products for efficient development and optimal patient benefit and adherence will be examined. A brief overview of toxicological
expectations, including regulatory requirements, for combination products will be presented. Case study examples and
experience with peptide drug-device combination therapeutics, including multipurpose study designs to minimize further animal testing, will be discussed.

Pepetide/protein biotherapeutics fall in a gray area between
biologics and small molecules when it comes to genotoxicity
testing. Perspectives from the Health and Environmental
Sciences Institute (HESI) Genetic Toxicology Technical
Committee (GTTC) workgroup on synthetic and conjugated
peptide therapeutics will be presented. In 2016, the HESI
GTTC working group published the article “Genotoxicity
Assessment of Peptide/Protein-Related Biotherapeutics:
Points to Consider before Testing” in the international journal
Mutagenesis. The presentation will discuss the gaps in current
regulatory guidelines and provide the workgroup’s opinion
on specific case examples.

6-3

6-5

A vast disease target space existing intracellularly is now
within the crosshairs of both academic basic science and
pharma/biotech drug discovery efforts. Innovative technologies enabling both chemistry and biology is driving significant progress to advance novel peptide modalities, especially
macrocyclic analogs, that have compelling target binding
affinities, cell permeabilities, and intracellular proteolytic stabilities. Such properties are critical to optimization and development of a third wave of peptide therapeutics to tackle diseases involving challenging drug targets, such as intracellular
protein–protein interactions. Evolving concepts, innovative
technologies and progress in both preclinical research and
clinical development for this emerging peptide therapeutic
modality will be presented.

Challenges and considerations for peptide therapeutic
products will be presented from a regulatory perspective.
Disparities in interpretations and application of the existing
International Council for Harmonisation (ICH) guidances
ICH M3(R2) and ICH S6 to synthetic and conjugated
peptide therapeutic products will be explored. Regulatory
perspectives and rationale regarding nonclinical studies
evaluating genetic toxicology and metabolic characterization
will be discussed in further detail with case study examples.
The impact of the March 2020 implementation of the
Biologics Price Competition and Innovation Act on peptiderelated product classifications will be clarified based on the
most recent US FDA Q&A draft guidance.

7. Workshop
The GLP World: What to Expect When Outsourcing Your
Studies Globally

2:00 PM–5:00 PM
Grand Sonoran F

SESSION CHAIRS: P
 edro L. Del Valle, US FDA/CDER, Silver Spring, MD; and

Bettina Donato, Intertek Group plc, Sacramento, CA
EDUCATIONAL SUPPORT PROVIDED BY:

Monday

Covance, Inc. and Intertek

Regional regulations on good laboratory practices (GLP) have been published to ensure the quality and integrity of nonclinical
laboratory study data that are intended to support clinical research or marketing permits for human therapeutics. The US FDA
promulgated GLP regulations in 1979 and the Organisation for Economic Co-operation and Development (OECD) followed with
the publication of GLP Principles in 1981. Many individual nations generated their own unique GLP regulations. Under the Mutual
Acceptance of Data (MAD) system, data generated in toxicological testing in one OECD Member country are accepted in all other
OECD Member countries. However, several differences in national GLP regulations exist, not all countries are OECD Members, and
not all laboratories conduct toxicological testing following US or OECD GLPs, generating hurdles for the acceptance of GLP data
in global drug development. The goal of this Workshop is to openly discuss the similarities and differences in GLP regulations and
inspections from different countries and regions to facilitate identifying challenges when outsourcing nonclinical GLP testing
globally. In this Workshop, the speakers will share their experience and interpretations of GLP regulations and inspections from
OECD Member countries (US, Canada, UK, Japan, Korea, and Germany), Brazil (Latin America), Taiwan, and China, by covering
(1) GLP roles and responsibilities; (2) testing facility personnel credentials and management responsibilities and training; (3) the
quality assurance unit reporting process; (4) SOPs formulation, approval, and enforcement; (5) animal welfare, ISO standards and
quality systems, test article characterization, and regulatory inspections; and (6) current challenges in compliance. This Workshop
will be of interest to those seeking to understand differences and challenges when considering global outsourcing during drug
development.

2:00 PM–2:05 PM
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7-1

2:05 PM–2:30 PM

US Application of GLP Regulations

7-2

2:30 PM–2:50 PM

Application of the OECD GLP Guidelines

7-3

2:50 PM–3:15 PM

Taiwan Application of GLP Principles

3:15 PM–3:45 PM

Break

3:45 PM–4:10 PM

GLP Regulations for Nonclinical Studies and ISO Standards for Testing in
Accredited Laboratories in Brazil and Latin America

7-4

Barbara Munch, Munch GLP Consulting, Greenwood, SC

Jordan Burns, Charles River, Edinburgh, United Kingdom

Charlene Chen, QPS Taiwan, New Taipei, China

Elizabeth de Souza Nascimento, University of São Paulo, São Paulo, Brazil

7-5

4:10 PM–4:35 PM

Differences and Challenges of Nonclinical GLP Testing in China When
Considering Global Outsourcing for Global Submissions during Drug
Development

Susan (Xuehua) Cheng, Covance, Inc., Shanghai, China
Questions and Discussion

7-1
This talk will focus on US FDA and contrast with the
Medicines and Healthcare Products Regulatory Agency UK
(MHRA) regulations and OECD principles. Conduct of nonclinical toxicology studies is becoming more complicated
because many test articles have unique characteristics that
require analysis at niche laboratories. While multisite study
conduct has always been a part of the US FDA GLP regulations,
work placed outside the US requires understanding of the
similarities and differences between those countries’ regulations. Consideration of the US and UK GLP laws, and comparison with the OECD GLP principles, shows that it is possible for
firms to claim compliance of work performed in that country
and OECD guidelines. Topic examples include circumstances
of when QA audits are shared, when it is acceptable to amend
a closed study, and difference in regulatory inspections. The
latter follows the US FDA Compliance Program Guidance
Manual (CPGM), revised in 2018, and the MHRA Schedule 2
Inspection Procedures. Current challenges include compliance certificates, enforcement of guidance (e.g., MHRA GxP
Data Integrity), differing expectations regarding management oversight of risk and enforcement of OECD guidance,
and conduct of a non-GLP phase on a GLP study.

7-2
Advances in communication in a rapidly changing world,
travel, and technology make it easier to outsource drug
development globally. This can be a huge benefit for business
and advancement of drug development, but it can pose a risk
for regulatory compliance. The OECD GLP Principles are very
robust, but their application and interpretation can present
certain challenges when outsourcing studies or phases of
studies. Careful consideration needs to be taken due to differences between the OECD and US FDA GLP guidelines and
differences in interpretation of OECD guidelines by different
American College of Toxicology 40th Annual Meeting 2019

GLP Monitoring Authorities (MAs) in OECD countries. This
presentation aims to provide the audience with a high-level
overview of the OECD GLP guidelines (as adopted by the
UK) and address the main differences between these, other
OECD countries—such as Canada, France, and the Netherlands—and the US FDA GLPs, providing advice on conducting multisite studies with contributions from OECD countries.
The most important difference is the OECD defined roles and
responsibilities of study personnel and management, which
needs to be fully understood before working with sites outside the US. Another critical difference to keep in mind is
that OECD MAs have expectations that test item (test article)
characterization can be conducted to non-GLP standards.
The recent OECD test item characterization document will
be referred to as well as updated guidance on data integrity
from the MHRA that focuses on the expectation that study
directors have detailed knowledge on how electronic data
are generated, captured, and archived.

7-3
Taiwan FDA (TFDA) implemented GLP regulations for
nonclinical laboratory studies to ensure the quality and
commissioned testing activities started in 2016. But TFDA
GLP regulations had been put into practice in 2006. Test
facilities may apply for accreditation, and once accredited,
the test facilities are required to follow the TFDA “Good
Laboratory Practice for Nonclinical Laboratory Studies.” There
are eight sections in the TFDA GLP regulations: (1) general,
(2) organization and personnel, (3) facilities, (4) instruments,
(5) operations, (6) test items and references, (7) test plans and
execution of tests, and (8) records and reports. The content of
the above regulation is comparable to that of international
regulations, such as OECD and US FDA GLP. Taiwan is working
to become an OECD Member, and TFDA has been working to
establish international cooperation relationships with other

Monday

4:35 PM–5:00 PM
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countries in terms of Good Laboratory Practice for Nonclinical
Laboratory Studies. Currently, there are 13 GLP-accredited
laboratories in Taiwan. In 2017, TFDA held a “Seminar on
Malaysia Pharmaceutical Products GLP Regulations and
Principle” to enhance the exchange of information and
promote the national cooperation. This talk will elaborate
on the current status and future plans of GLP accreditation
in TFDA, as well as compare the differences between GLP
regulations in Taiwan with UK MHRA regulations, OECD GLP,
and US FDA and how those differences can be overcome
for global submissions. The challenges and advantages to
conducting a GLP-compliant study in Taiwan as part of a
multisite study will also be discussed.

7-4

7-5
GLP regulations in China were published and implemented
to ensure the quality and integrity of nonclinical studies supporting clinical research or marketing approval in China. GLP
regulations in China in principle follow the GLP guidelines
from the US FDA and the Organisation for Economic Co-operation and Development (OECD). However, there are differences between GLP regulations of China and those of the
rest of the world, including OECD and US FDA, such as test
facility management (TFM) approval for protocols/reports,
additional requirements for animal facility, or requirements
for QAU lead. In 2017, Chinese FDA (now National Medical
Products Administration, or NMPA) published updated GLP
regulations, and major changes were made, including removing the responsibility for TFM approvals, adding requirements on multisite study, computer system, pathology
peer review, and sponsor responsibility. New GLPs are more
aligned with US FDA and OECD GLP regulations but include
requirements from Chinese FDA regarding nonclinical study
design, which presents challenges when outsourcing studies
in China or studies conducted elsewhere with intention of
Chinese submissions. Studies have been rejected for not following Chinese GLP regulations/study guidelines. There are
approximately 60 GLP laboratories recognized by NMPA. The
regulations in China are evolving, which becomes a challenge
for multinational companies as well as biotech companies
planning to conduct studies in China. This presentation will
discuss interpretation of Chinese GLP regulations; how they
differ from UK MHRA, OECD, and US FDA; and how they can
be overcome for global submissions.

Monday

Quality systems in Brazilian test laboratories have been
discussed and implemented since 1994 but significantly
recognized and accredited after 2000 by national and
international organizations. In Brazil, nonclinical studies
supporting regulatory submissions, requested by regulatory
agencies, such as health, environmental, and agriculture,
need to be conducted under GLP rules, by laboratories
formally recognized by the National Institute of Metrology,
Quality and Technology (INMETRO). In 2011, INMETRO,
obtained full adherence to OECD acts related to mutual
acceptance of data for chemical evaluation, including
nonclinical environmental safety and human health tests for
pesticides, their components, and the like. In 2015, the scope
was expanded to include veterinary products, feed additives,
cosmetics, pharmaceuticals, sanitizers, wood preservatives,
and remediators. Thus, Brazil, as a nonmember country of
the OECD but with full adherence to its regulations, fulfills
duties as recommended by MAD. INMETRO is responsible
for inspecting GLP laboratories according to OECD/GLP, as
the Brazilian GLP principles are a translation of those of the
OECD. There are currently 47 GLP laboratories recognized by
INMETRO. Such laboratories keep records of the professional
competencies of the personnel involved in carrying on the
studies conducted according to OECD Test Guidelines for

Chemicals that can be detailed in specific SOPs. Depending
on the scope of the laboratory, SOPs for all aspects of GLP
must be followed. This presentation will focus on the GLP
requirements allowing studies, conducted in Brazil and other
Latin American countries, to be accepted by health and
environmental regulators adhering to UK MHRA, US FDA, and
OECD principles.
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8. Symposium
Keep Calm and Carry On: Challenging Case Studies
Presented by Early Career Professionals

2:00 PM–5:00 PM
Grand Sonoran G

SESSION CHAIRS: N
 atalie S. Holman, Eli Lilly and Company, Indianapolis, IN; and

Tracy M. Williams, Eli Lilly and Company, Indianapolis, IN
EDUCATIONAL SUPPORT PROVIDED BY:

Takeda Pharmaceutical Company Limited
This session is a companion to the successful 2017 ACT Symposium “What to Do When Things Go Wrong,” in which speakers
discussed their experiences with test article limitations, publication feedback, formulation challenges, resolution of concerns as
regulators, communications as a study director, and unanticipated toxicities on day 1 of a study. This year, early career toxicologists
from the pharmaceutical and biotechnology industries as well as the US FDA will present a new set of challenging scenarios
they have encountered in their respective roles and how they were resolved. Case studies will include challenges as a new
pharmacology/toxicology reviewer, evaluating nontraditional data in GLP toxicology studies, navigating project team dynamics,
unexpected pathology findings, and employment instability. Audience engagement and questions are highly encouraged!

2:00 PM–2:05 PM

Introduction

8-1

2:05 PM–2:30 PM

A “Foolproof” Strategy for Dealing with Challenges as a Project Toxicologist

8-2

2:30 PM–2:55 PM

Nontraditional GLP Toxicology Study Designs and Challenges for the Project
Toxicologist

Francis Wolenski, Takeda Pharmaceuticals, Cambridge, MA

April D. O’Connell, Gilead Sciences, Inc., Foster City, CA

8-3

2:55 PM–3:15 PM

Supporting Mature Drug Products: Risk Mitigation and Regulatory Strategy

3:15 PM–3:45 PM

Break

8-4

3:45 PM–4:05 PM

Starting Out at a Start-Up

8-5

4:05 PM–4:25 PM

An Eye-Opening Experience for an Early Career Pathologist: On-Target
Ocular Toxicity—Or Is It?

Kristina DeSmet, United Therapeutics Corporation, Research Triangle Park, NC

Chanel Griggs, RAI Services Company, Winston-Salem, NC

Carole Harbison, Takeda Pharmaceuticals, San Diego, CA
4:25 PM–4:45 PM

The Learning Curve of a First-Year Pharm/Tox Reviewer at the US FDA

4:45 PM–5:00 PM

Discussion

Julie Castañeda, US FDA/CDER, Silver Spring, MD

Monday

8-6

8-1
Congratulations—you have worked hard in your career and
are now at the point where the problem is your problem!
There will always be unforeseen and difficult situations, but
now, when something goes wrong, your colleagues look to
you for a resolution. Both what you do and how you act can
be equally important. The talk will highlight five key principles
for dealing with problems: (1) put patients first, (2) identify
the information gaps, (3) ask partners for help, (4) determine
American College of Toxicology 40th Annual Meeting 2019

what can and cannot be fixed, and (5) communicate at the
right time. Examples of things going very wrong will be
presented, including a fatal tumor on a chronic study, an
assay ruined by a disgruntled employee, and a loss of data
integrity. In these real-world situations, the five principles
were applied at various points to cut through many different
opinions and find the path to the best outcome.
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8-2

8-5

GLP toxicology protocols in support of IND-enabling activities
include basic study endpoints guided by an array of ICH
Guidelines and health authority recommendations. However,
case-by-case needs for novel targets benefit from unique,
functional toxicity endpoints or investigative toxicology
assays. The requirement to fully assess the safety of novel
targets presents not only challenges but also opportunities
for the project toxicologist. Clearly defined data collection
and evaluation procedures plus diligent oversight for these
complex studies may identify critical toxicity signals that
would otherwise have been missed and likely enhance
the review and acceptance of the toxicology program by
health authorities.

After a few years as a toxicologic pathologist, the steepness
of the learning curve finally starts to flatten out. You are the
program pathologist for a high-priority/high-profile program
gearing up for candidate selection. Accurate characterization
of target organ toxicities is in your hands, and there is no
time to waste. Gulp! Previous nonclinical studies have been
performed with this asset, so as you sit down with your cup
of coffee to start peer review of a repeat-dose rat study,
you think you know what to expect. But wait! Are your eyes
deceiving you, or is that a retinal lesion? This is a new and
unexpected finding! What does this mean for the program?
How can you, the toxicologist, and the rest of the project
team work together with urgency to derisk this liability as
the program hurtles toward the next stage gate with all eyes
on you?

8-3
Supporting mature drug products is not as straightforward
as one would expect. Toxicological challenges can arise
postmarket that require significant time and resources. Two
case studies on mature drug products will be presented,
along with the risk mitigation plan and regulatory strategy
developed to overcome the toxicological challenges. The first
case study will describe global expansion of a reformulated
drug product with a novel excipient, and the second
will describe a postapproval change in drug substance
manufacturer that resulted in a change in specification of a
potentially genotoxic degradation product.

8-4

8-6
You finally land your dream job in the federal government but
are now faced with dealing with work that is directly related
to the well-being and health of many. No other job has
prepared you for the work you are about to do. As a brandnew reviewer, how can you make an informed decision and
at the same time follow the clues in a sea of data to make
a vital decision that could potentially help or harm many
human beings? This speaker will walk through interesting
and difficult case studies faced as a first-year pharmacology/
toxicology reviewer at the US FDA and how to overcome the
many obstacles in a brand-new job.

Your first job after graduate school seems like the most
important career move since deciding to go to school. Who
you work for and what you do could have the potential and
impact to shape the rest of your career. Working for a biotech
start-up company can be either a very exciting or a very
risky experience. The speaker will share some experiences of
working at a biotech start-up, including (1) accepting a highrisk, high-reward position; (2) dealing with job loss early in
one’s career; and (3) reentering the job market with only six
months of postgraduate experience.

5:00 PM–6:30 PM

Poster Session with Wine and Cheese
(Open to all attendees. See page 11 for more information.)

Monday

Exhibit Hall
6:30 PM–8:00 PM

Early Career Professional Speed
Networking

(Open to students and attendees with less than 10 years’ of professional
experience. Advance registration required. Space is limited. Sign up at
Registration Desk. See page 11 for more information.)

Wildflower A
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Join Us for the 6th Annual ToxTrot!
Wednesday | 6:30 AM–7:30 AM
Sunset Lawn
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Advance registration required. Sign up at the Registration Desk.
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Tuesday Morning Sessions
Plenary Lecture 2
From Microphysiological to Micropathophysiological Models

8:00 AM–8:55 AM
Grand Saguaro

Thomas Hartung, MD, PhD, is the Doerenkamp-Zbinden Chair for Evidence-Based Toxicology with a joint appointment for Molecular Microbiology and Immunology at Johns Hopkins Bloomberg School of Public Health in Baltimore, Maryland. He holds a joint appointment as a professor for pharmacology and toxicology at the University of Konstanz in
Germany. Dr. Hartung also is the director of the Center for Alternatives to Animal Testing
(CAAT) of both universities. CAAT hosts the secretariat of the Evidence-Based Toxicology
Collaboration, the Good Read-Across Practice Collaboration, the Good Cell Culture Practice
Collaboration, the Green Toxicology Collaboration, and the Industry Refinement Working
Group. As Principal Investigator, Dr. Hartung headed the Human Toxome project, funded as
a National Institutes of Health Transformative Research Grant. He is the former head of the
European Centre for the Validation of Alternative Methods (ECVAM) in Ispra, Italy, and has authored more than 550
scientific publications.

Tuesday

Thomas Hartung, MD, PhD

Director, Center for Alternatives to Animal Testing (CAAT);
Professor, Evidence-Based Toxicology Joint Appointment, Department of Molecular Microbiology and
Immunology Johns Hopkins University Center for Alternatives to Animal Testing; and Director, CAAT-Europe: and
Professor for Pharmacology and Toxicology, University of Konstanz, Germany

Abstract
Organotypic cell culture of spheroids and organ- and human-on-chip technologies is a disruptive approach increasingly
enabling the replacement of animal studies with healthy human tissues and their combinations. At the same time,
the shortcomings of traditional animal tests, with respect to costs, duration, throughput, and human relevance, are
increasingly recognized.
Major parts of the (developmental) biology can now be recapitulated, especially in human stem cell–derived models. In
combination with computational approaches, acute and topical toxicities can be tackled, and an increasing number of
animal-free OECD test guidelines is available. The real challenge, however, are the systemic toxicities (repeat-dose organ
toxicities, reproductive toxicity, and cancer) and drug development. We need a systematic approach to integrating
existing knowledge as exemplified by systematic reviews and other evidence-based approaches. Such knowledge can
guide us in modeling these systems using bioengineering and virtual computer models (i.e., via systems biology or
systems toxicology approaches). Experimental multi-organ-on-chip and microphysiological systems (MPS) provide
a more physiological view of the organism, facilitating more comprehensive coverage of systemic toxicities (i.e., the
perturbation on the organism level) without using substitute organisms (animals). The next challenge is to establish
disease models (i.e., micropathophysiological systems [MPPS]) to expand their utility to encompass biomedicine and
especially drug development. Combining computational and experimental systems approaches and the challenges of
validating them are being discussed. The suggested 3S approach promises to leverage 21st-century technology and
systematic thinking to achieve a paradigm change in studying systemic effects.
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9. Symposium
Developmental Neurotoxicity and Regulatory Considerations in
Pediatric Product Development

9:00 AM–12:00 Noon
Grand Sonoran E

SESSION CHAIRS: K
 atie Sokolowski, US FDA/CDER, Silver Spring, MD; and

Jennifer Shing, AbbVie Inc., North Chicago, IL

Tuesday

EDUCATIONAL SUPPORT PROVIDED BY:

BASi and Seventh Wave Laboratories
Regulatory guidelines are currently evolving for juvenile animal studies (JAS) that support pediatric drug development and
have particularly flexible requirements. The draft ICH S11 guidance aims to recommend an approach for the nonclinical safety
evaluation of medicines intended for pediatric populations. This guidance is vague about the extent of CNS assessments,
which makes applying the guidance challenging for new drugs that may be neuroactive, such as anesthetics. Nonclinical data
in the published literature have indicated the vulnerability of the developing brain to anesthetics, driving a recent Safety Labeling Change (SLC) by the US FDA and serving as an example for the relevance of JAS. The SLC also highlights the regulatory
challenges involved in developing new, potentially safer pediatric anesthetics. The goals of this session are to (1) examine
the current thinking laid out in the draft ICH S11 guidance pertaining to neurotoxicity; (2) discuss the available data on anesthesia-induced developmental neurotoxicity to inform future JAS design; (3) understand the regulatory concerns for a new,
potentially neurotoxic drug; and (4) implement the principles of ICH S11 for a hypothetical new anesthetic seeking US FDA
approval. To achieve these goals, we will bring together US FDA regulators who supported the US FDA internal discussions
during development of the ICH S11 guidance and those involved specifically in the anesthetic agent SLC, academic researchers
who characterized anesthetic-induced developmental neurotoxicity, and industry research organizations with expertise in
designing JAS. After the session, attendees will have a better understanding of how to implement the ICH S11 guidance for a
new drug with potential developmental neurotoxicity.

9:00 AM–9:15 AM

Introduction

9-1

9:15 AM–9:45 AM

Content and Intent of the ICH S11 Guidance

9-2

9:45 AM–10:15 AM

Overview of the Neurotoxic Effects of Anesthesia on the Developing Brain

10:15 AM–10:45 AM

Break

9-3

10:45 AM–11:15 AM

Regulatory Perspective on Drugs with Developmental Neurotoxicity

9-4

11:15 AM–11:45 AM

Design of Juvenile Animal Studies to Identify Developmental Neurotoxicity
Using the Draft ICH S11 Guidance

Katie Sokolowski, US FDA/CDER, Silver Spring, MD

Darren Fegley, US FDA/CDER, Silver Spring, MD

Ansgar Brambrink, Columbia University, New York, NY

Newton Woo, US FDA/CDER, Silver Spring, MD

Alan M. Hoberman, Charles River, Horsham, PA
11:45 AM–12:00 Noon

52

Panel Discussion

American College of Toxicology 40th Annual Meeting 2019

9-1
This talk will serve as an introduction to the ICH S11 guidance
by covering the contents and intentions of the guidance with
an emphasis on neurodevelopment. This talk will also discuss
the evolution of regulatory standards over time and provide a
brief overview of the experience of the US FDA with the design
and outcome of JAS that supported guidance development.
It will briefly discuss topics covered in the guidance, such
as determining the need for additional nonclinical safety
investigations and considerations for pediatric-first/only
development with no indication in adults, as well as general
considerations for study design. Practical application of
these general considerations will be addressed in detail by
the final speaker, who will apply the ICH S11 guidance in a
proposed study to investigate the toxicity of a hypothetical
anesthetic drug.

9-2
This talk will introduce the nonclinical and clinical data associated with anesthetics. Here, general anesthetic and sedation drugs will serve as examples of currently marketed drugs
with risks to the developing brain. Animal data accumulating
for the past 15 years have suggested that sedatives and anesthetics cause neurotoxicity. Molecular, cellular, and behavioral
analyses of the brain after anesthetic or sedative exposure in
young animals have revealed neurotoxicity in several species,
which has been replicated in many labs. Initial studies involving administration of NMDA receptor antagonists to the postnatal day (PND) 7 rat found widespread apoptotic cell death
and neurodegeneration in the developing brain. These findings of neurotoxicity in rodents were later reproduced using
GABA receptor agonists and observed in numerous brain
regions, including the hippocampus, thalamus, cerebellum,
and cerebral cortex. Moreover, a variety of manifestations of
neurodegeneration have been detected, such as impaired
neurogenesis, impaired glial development, synaptic loss,
and altered dendritic spine morphology. To investigate functional outcomes of general anesthesia, many studies have
revealed impairments in recognition memory, fear learning
and avoidance memory, and spatial learning and memory in
rats, as well as abnormal social behaviors. Strikingly, cognitive
deficits arising from anesthesia exposure have been demonstrated to persist into adulthood in rodents. While the girth
of data was generated in rodent models to initially characterize anesthetic-induced neurotoxicity, the data generated in
nonhuman primates served as the basis for details specified
in the SLC for anesthetics. Similar to rodents, neurotoxicity
induced by an array of general anesthetics has been observed
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in fetal and postnatal nonhuman primates. The presentation
of functional deficits in primates, such as impaired cognitive
function and altered emotional reactivity, seems to depend
on prolonged and/or repeated neonatal exposures and may
not be detectable until the animals are over a year old. While
there have been dedicated clinical studies to investigate the
effects of anesthesia on the developing brain, confounding
factors and the low number of children exposed for durations
greater than three hours make the nonclinical data invaluable. The information in this talk will provide the basis for the
juvenile animal study design discussed in the final talk.

9-3
To illustrate the relevance of JAS to pediatric drugs, this
talk will describe the process of integrating the nonclinical
and clinical data available for anesthetics and the ultimate
determination to issue an SLC for anesthetics. Despite the
SLC, anesthetics are essential pediatric medicines that
are widely used. Because anesthetic agents are essential
drug products that always carry certain risks and it is not
clear if any one drug is safer than another based on their
pharmacology, it may be possible to develop new and even
safer anesthetics. Therefore, any new drug development
program for an anesthetic agent will require testing for the
potential for developmental neurotoxicity. This talk will
discuss some of the lessons learned from the anesthetic class
of drugs, including some of the data that led to the SLC and
issues that arise during drug development of an anesthetic.
The presentation will also discuss what a sponsor should
think about when drafting their initial pediatric study plan
(iPSP) and what types of things to address in their JAS.

Tuesday

Tuesday Morning Sessions

9-4
This talk will focus on the application of the ICH S11 Guideline
to design a juvenile animal study using the example of a new
anesthetic drug. The design of the study would take into
consideration the nonclinical data available for anesthetics
while addressing US FDA concerns of developmental
neurotoxicity. Study design considerations will be presented,
including dose and species selection, age of animals in relation
to the intended pediatric population, route of administration,
and endpoints. Evaluation of CNS function using behavioral
tests, learning and memory tests, and neuropathology will be
discussed. Study design considerations for anesthetics can
be broadly applied to other neuroactive compounds seeking
pediatric indications.
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Tuesday Morning Sessions
10. Symposium
Immune Tolerance: State-of-the-Science and Preclinical and Clinical
Safety Challenges in Drug Development

9:00 AM–12:00 Noon
Grand Sonoran F

SESSION CHAIRS: Z
 aher Radi, Pfizer Inc., Cambridge, MA; and

Tuesday

David McMillan, US FDA/CDER, Silver Spring, MD
Immune tolerance is defined as the active homeostasis of the immune system to prevent inflammatory responses against
antigens. Loss of immune tolerance to self-antigens can lead to various pathologies that result in tissue injury and are collectively
referred to as “autoimmune diseases.” In drug development, the goal of newly emerging immune tolerance therapies is to treat
autoimmune disorders by restoring the regulatory capacity of the immune system. This approach has the promise to substantially
improve upon current standards of care, with even curative potential, but poses unique challenges in biology, translation, and
safety characterization. This Symposium will feature four speakers to give perspectives on immune tolerance: the state-of-thescience behind it; an introduction on industry perspectives; clinical and nonclinical safety challenges and examples of immune
tolerance; and a regulatory perspective regarding potential nonclinical toxicology issues and challenges. Finally, all speakers will
convene for a joint panel discussion and Q&A session.

10-1

9:00 AM–9:50 AM

State-of-Science of Immune Tolerance, and Trending Therapeutic Concepts
for New and Differentiated Mechanisms of Action

David Wraith, University of Birmingham, Birmingham, United Kingdorm

10-2

10-3

9:50 AM–10:05 AM

Industry Perspective on Immune Tolerance

10:05 AM–10:35 AM

Break

10:35 AM–11:25 AM

Tolerogenic Immunity: A Pro or Foe? Clinical Safety Challenges and
Regulatory T-Cell Therapies

Zaher Radi, Pfizer Inc., Cambridge, MA

Megan Levings, University of British Columbia, Vancouver, BC, Canada

10-4

11:25 AM–11:40 AM

A Regulatory Perspective on Immune Tolerance

11:40 AM–12:00 Noon

Panel Discussion

David McMillan, US FDA/CDER, Silver Spring, MD

10-1
Immune tolerance, or lack of immune response to self, is
not the default state of the immune system, but rather an
actively maintained homeostasis. A combination of genetic
risk factors and environmental exposures results in loss of this
homeostasis in individuals with autoimmune disease, and
the specific self-antigens to which tolerance is lost determine
the target organ(s). Important cellular players in maintenance
of antigen-specific tolerance are regulatory T lymphocytes
(Treg). There are a variety of Treg phenotypes, but two of
the most important are those that express the transcription
factor FoxP3 and utilize a variety of cell contact–dependent
suppressive mechanisms, and TR1 cells, identified primarily
by the production of the anti-inflammatory cytokine IL-10.
A number of novel therapies for autoimmune disease are in
development that have demonstrated therapeutic efficacy
and the ability to expand FoxP3+ Treg and/or TR1 cells in
preclinical animal models. Antigen-specific therapies in
development include peptide and protein antigens delivered
alone or via nanoparticle formulations in the presence or
absence of immunomodulatory small molecules. The current
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state-of-the-science of these novel therapies, several of
which have now advanced to human clinical testing, will be
discussed, as well as remaining challenges in the translation
of preclinical models to human disease and important safety
considerations when developing immune-modulatory and
antigen-specific therapies.

10-2
This presentation will provide a brief introduction on industry
perspective on immune tolerance using a DruSafe industry
survey. This will cover various aspects of immune tolerance,
ranging from therapeutics in this space to drug design to
toxicology studies design and challenges.

10-3
Regulatory T cells (Tregs) function to regulate immune
responses and maintain immune tolerance. When harnessed
as a cell-based therapy, Tregs have the potential to control
harmful immune responses without altering healthy immune
responses, such as those to infections. Moreover, they can
American College of Toxicology 40th Annual Meeting 2019
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10-4
A thorough understanding of the immune system is becoming increasingly important in the field of drug development.
Immune tolerance poses some interesting challenges for regulatory agencies as well as pharmaceutical companies, particularly as they pertain to drug exposure and efficacy. This
presentation will provide an overview of the expectations
surrounding the toxicology package for such modalities, a
regulatory perspective on issues involving immune tolerance, and some of the challenges faced in drug development.

11. Symposium
Through the Looking Glass: Exploring the Frontiers of NextGeneration In Vitro Toxicology Models

9:00 AM–12:00 Noon
Grand Sonoran G

Tuesday

be genetically modified to enhance specific properties,
such as antigen specificity, ability to respond to cytokines,
and effector functions. However, safety limitations of this
approach include the risk of nonspecific suppression and/or
conversion of Tregs into inflammatory effector T cells. In vitro
and in vivo models to study the possible protolerogenic
effects as well as safety risks will be discussed.

SESSION CHAIRS: M
 arie Fortin, Jazz Pharmaceuticals, Inc., Ewing, NJ; and

Shaun McCullough, US EPA, Chapel Hill, NC
Next-generation in vitro models can dramatically increase the physiological relevance of cell-based studies; however, amid the
hype, understanding the advantages and limitations of these systems can be akin to a trip down the rabbit hole for investigative,
safety, and regulatory toxicologists. While traditional nonclinical strategies have laid the foundation for much of the field
of toxicology, some of these pioneering models are approaching, or have reached, the limit of their utility. Replacing these
approaches with advanced in vitro systems that incorporate the biological complexity that exists in vivo is the next big leap in
furthering our understanding of the effects of xenobiotics on human health. Next-generation in vitro models can help in lead
selection and minimize attrition in the clinic due to unforeseen toxicities. Further, they can provide mechanistic data that facilitate
the identification, development, and use of biomarkers that work both in vitro and clinically. This session will examine cutting-edge
in vitro models that are revolutionizing toxicology and include examples of their use to identify new targets, decipher molecular
mechanisms, and increase the efficacy and efficiency of xenobiotic toxicity testing. Speakers will present data demonstrating
how human-derived 3D microtissues can be used to study xenobiotic-induced liver, gastrointestinal, and airway toxicities and
understand interindividual variability and effects on susceptible populations. In addition to presenting successful applications
and translational value, speakers will discuss the challenges, limitations, and potential drawbacks of their models to provide
attendees with a fair and balanced understanding of these new approaches and their integration into toxicity testing paradigms.

11-1

9:00 AM–9:05 AM

Through the Looking Glass: Exploring New Frontiers

11-2

9:05 AM–9:40 AM

Utilizing In Vitro Mechanistic and Cytotoxicity Assays on Multiple Platforms
to Improve the Prediction of Hepatotoxicity

Marie Fortin, Jazz Pharmaceuticals, Inc., Ewing, NJ

Christopher Strock, Cyprotex, Watertown, MA

11-3

9:40 AM–10:15 AM

Breaking the Barrier: Using a Novel In Vitro Organotypic Airway Transepithelial Exposure Model to Study the Depth of Inhaled Chemical Toxicity

Shaun McCullough, US EPA, Chapel Hill, NC

11-4

10:15 AM–10:45 AM

Break

10:45 AM–11:20 AM

Next-Generation Gastrointestinal Organoids to Predict Drug-Induced
Diarrhea

Matthew Wagoner, Takeda Pharmaceuticals, Cambridge, MA

11-5

11:20 AM–11:55 AM

Translational Assessment of Kidney Injury Using Kidney-on-a-Chip and
Quantitative Systems Pharmacology (QSP)

Murat Cirit, Javelin Biotech, Woburn, MA
11:55 AM–12:00 Noon

Concluding Remarks

Marie Fortin, Jazz Pharmaceuticals, Inc., Cambridge, MA
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11-1
The integration of next-generation in vitro models into
toxicology research and testing has allowed us to push
the frontiers of our understanding of toxicology. This
ever-changing in vitro assay landscape offers a world of
opportunities to ask, and reliably answer, toxicological
questions. The goal of this introductory presentation is to
provide the attendees with a broadened knowledge of
the realm of in vitro toxicity testing by briefly highlighting
additional examples of the use of human-derived organoids
and microtissues. The unique translational potential of these
models will also be presented, along with perspectives for
their integration into integrated approaches to testing and
assessment (IATA).

11-2
Hepatotoxicity remains a significant challenge in drug development that results in attrition of drugs occurring in clinical
trials and post-approval. This is due to the lack of predictivity
of animal models for many of the causes of hepatotoxicity
as well as an inability to properly identify these liabilities in
the animals. It is therefore important to properly understand
and test for as many mechanisms of drug-induced liver injury
(DILI) as possible and understand how these contribute to the
overall liability of a drug to ensure the ability to identify the
risks and issues as they develop. Here we will show that evaluating compounds for mechanistic liabilities and cytotoxicity
using assays on multiple platforms and cell types will increase
the prediction of DILI and allow for selection of safer compounds to move forward into later-stage testing. We demonstrate the value of High Content DILI assays in both 2D and 3D
formats with primary and immortalized cells for both cytotoxicity as well as mechanistic characterization of these liabilities. The importance of mitochondria-relevant endpoints
is shown with the SeaHorse mitochondrial function assay as
well as high content assays such as mitochondrial biogenesis
and mitochondrial potential assays. Combining these endpoints with reactive metabolite determination as well as the
transporters, BSEP and MRP2, further increases the predictive
power for DILI prediction. The additive value of these endpoints will be demonstrated using case studies to illustrate
the importance of multi-endpoint in vitro toxicity assessment.

11-3
The toxicity of inhaled xenobiotics is often attributed to
oxidative stress and inflammation; however, the specific
underlying cellular and molecular mechanisms remain to
be fully understood. Bridging this gap will require the use of
robust and broadly applicable in vitro organotypic models
to provide insight into the role that the different cell types
within the airway microenvironment play in exposure effects
and susceptibility. We hypothesized that exposure of an
intact epithelial barrier to an inhaled toxicant would cause
oxidative stress and the induction of a proinflammatory
response in underlying airway fibroblasts, a cell type
crucial to maintaining tissue homeostasis in the airway.
To test this hypothesis, we constructed a “trans-epithelial”
exposure model (TEEM) to recapitulate an in vivo exposure
of the airway microenvironment by incorporating an intact
human bronchial epithelial cell (HBEC) layer to separate
human lung fibroblasts (HLF) from the exposure material
while also allowing assessment of the direct and transepithelial effects of toxicant exposure in the HBEC and HLF,
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respectively. Time course (2–24 hours) analysis of exposure
outcomes following exposure of the TEEM to the model
toxicant diesel exhaust particulates (DEP) demonstrated that
the kinetics and magnitude of oxidative stress–responsive
gene expression are similar between the two cell types;
however, peak proinflammatory gene induction in HLF was
delayed, but more prolonged in HLF relative to HBEC. Genes
involved in glutathione homeostasis and hydrogen peroxide
(H2O2) signaling (NQO1, TRX1, PTGS2, and GCLM1) were
also alternatively regulated in response to DEP exposure,
and their induction was attenuated by pretreatment with
the antioxidants N-acetyl-cysteine (NAC) and ascorbic
acid. Further, pretreatment of HLF with antioxidants led
to an attenuation of both oxidative stress–responsive and
proinflammatory gene expression in DEP-exposed HBEC. The
findings presented here demonstrate that while receiving
no direct exposures, HLF are both a target and a mediator
of the effects of inhaled chemical exposures. Further, this
readily accessible in vitro organotypic model of the human
airway microenvironment allows for the identification of
xenobiotic exposure effects beyond the epithelium, as
well as the investigation of their underlying cellular and
molecular mechanisms.

11-4
Though drug-induced gastrointestinal toxicities rank among
the most common clinical side effects, the vast majority of GI
toxicities go undetected until they are administered in vivo,
where toxicologists are faced with uncertain translation
of intestinal toxicity among species. Recent advances in
organoid and microtissue development promise to enhance
the predictivity and translation of our in vitro assays, though
little work has been done to validate these models. Here we
will present our efforts to compare and validate intestinal
organoid and transwell microtissue systems using an array
of clinical compounds. Our results suggest that intestinal
organoids allow for robust comparison of intestinal sensitivity
across species. We also find that human transwell intestinal
microtissues are a robust and sensitive in vitro tool for the
detection and derisking of drug-induced diarrhea.

11-5
Drug‐induced kidney injury, a major cause of acute kidney
injury, results in progressive kidney disease and is linked to
increased mortality in hospitalized patients. Primary injury
sites of drug‐induced kidney injury are proximal tubules.
Clinically, kidney injury molecule‐1, an established tubule‐
specific biomarker, is monitored to assess the presence and
progression of injury. The ability to accurately predict drug‐
related nephrotoxicity preclinically would reduce patient
burden and drug attrition rates, yet state‐of‐the‐art in vitro
and animal models fail to do so. Our work demonstrates
the use of kidney injury molecule‐1 measurement in the
kidney microphysiological system as a preclinical model for
drug toxicity assessment. To show clinical relevance of toxic
response, we utilize quantitative systems pharmacology
(QSP) computational models for in vitro–in vivo translation
of the experimental results and to identify favorable dosing
regimens for one of the tested drugs.
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Tuesday Afternoon Sessions
12:00 Noon–1:30 PM

2020 Program Planning Meeting
(Sign up at the Registration Desk. Space is limited.)

Wildflower A
12:00 Noon–2:00 PM

Exhibit Hall Activities

ToxHunt, Board of Predictions, 40th Anniversary Time Capsule Ceremony,
and Lite Bites (See page 11 for more information.)
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Exhibit Hall

12. Workshop
Regulatory Submission: An Overview of Nonclinical Toxicological
Sections and Best Practices

2:00 PM–5:00 PM
Grand Sonoran E

SESSION CHAIRS: S
 ubramanya Karanth, AstraZeneca, Gaithersburg, MD; and

Deacqunita Diggs, US FDA/CDER, Silver Spring, MD
EDUCATIONAL SUPPORT PROVIDED BY:

AstraZeneca and American College of Toxicology
The purpose of this Workshop is to provide participants with an overview of different approaches required for successfully
transforming nonclinical toxicology results into a scientifically sound submission document. This session will cover various
aspects of authoring nonclinical reports, pharma/US FDA perspectives on writing regulatory documents for first-in-human
clinical trials, and NDA/BLA submissions. The overall focus will be on scientific quality of these documents and regulatory
considerations for a successful submission. The first speaker will discuss key objectives of the session and will set the stage for
subsequent presentations. The second speaker will discuss key points to be considered in writing and reviewing scientifically
sound, integrated nonclinical reports to effectively convey the study data to regulatory authorities. The third speaker will discuss
the overall pharma expectations and provide an overview of authoring the nonclinical package in support of first-time-in-human
Ph1 submissions, including IND Module 2, Investigator’s Brochures (IB), and clinical protocols. The fourth speaker will cover
nonclinical aspects required at later stages of clinical development, including authoring US FDA biologics licensing applications
(BLA) and similar regulatory submissions for marketing in other geographical regions. The final speaker will present a US FDA
reviewer’s perspectives on key aspects of IND/BLA submissions. This will be an advanced session for CRO and pharmaceutical
attendees interested in improving their understanding of the role of toxicologists in preparing nonclinical elements of regulatory
submissions.

12-1

2:00 PM–2:10 PM

Introduction

12-2

2:10 PM–2:40 PM

How to Write a Scientifically Sound Nonclinical Report

12-3

2:40 PM–3:15 PM

Sponsor Expectations: How a Well-Written Nonclinical Report Can Help to
Author IND, IB Modules, and Clinical Protocol

Subramanya Karanth, AstraZeneca, Gaithersburg, MD

Janice Lansita, ToxStrategies, Inc., Kennett Square, PA

Jessica Lynch, Janssen Research & Development, Spring House, PA
3:15 PM–3:45 PM

Break

12-4

3:45 PM–4:20 PM

So You’re Filing to Go to Market: What to Expect

12-5

4:20 PM–5:00 PM

US FDA Reviewer’s Perspectives on Regulatory Submissions			
(IND, IB, NDAs/BLAs)

T. Scott Manetz, AstraZeneca, Gaithersburg, MD

Deacqunita Diggs, US FDA/CDER, Silver Spring, MD
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12-1

12-3

This talk will introduce the key objectives of the Workshop.
Authoring regulatory documents has unique challenges.
Initial groundwork for a regulatory submission starts with
a well-written, integrated nonclinical study report that
effectively conveys study details and outcomes to regulatory
authorities. Generally, several collaborators are involved
in nonclinical studies, and a clear, open communication
between the stakeholders is needed to prepare quality study
reports. An overview of different approaches required for
authoring a scientifically sound regulatory document will
be presented.

The IND, IB, and clinical protocol are living regulatory documents that not only support the application of a new drug
candidate for first-in-human clinical trials but will continue
to evolve until the corresponding New Drug Application
is approved. Due to the importance of these documents
throughout the development process, it is critical to have
a clear goal and organized structure to these documents
prior to the first submission. The first step to writing a clear,
concise nonclinical overview and subsequent nonclinical
sections (pharmacology, pharmacokinetics, and toxicology)
is to have clear integrated study reports from both internal
and external sources. This talk will give an overview of how
to work with internal and external collaborators to prepare
quality study reports and how to utilize these results to draft
key regulatory documents for IND submission.

12-2
This talk will highlight the challenges associated with
complex datasets and writing scientifically sound, integrated
nonclinical reports. The nonclinical study report captures the
important details of a nonclinical study, which include the
procedures, methods, results, subreports, data interpretation,
and conclusions. Writing the nonclinical study report begins
with analyzing the data to determine which results should
be discussed and highlighted. This is generally the most
challenging aspect of writing the report, especially when
early mortality has occurred, findings are numerous, or it
is unclear whether observed effects are treatment related
(or all of the above!). This presentation will walk through
data analysis, organization of the results in a report, data
interpretation, and the review process. Finally, a clear
conclusion that defines the outcome of the study (e.g.,
maximum tolerated dose [MTD], no-observed-adverse-effect
level [NOAEL], severely toxic dose in 10% of rodents [STD10],
or highest nonseverely toxic dose [HNSTD] in nonrodents)
is essential for regulatory submissions. Often, nonclinical
reports for regulatory submission can run more than 1,000
pages and are the key dataset that regulatory bodies use
to support initial clinical trials. This presentation will assist
toxicologists in writing and reviewing nonclinical reports to
ensure that the study details and essential data interpretation
are conveyed to regulatory authorities.

ser

ve

12-4
This talk will cover nonclinical aspects of a US FDA BLA
and similar regulatory submissions for marketing in other
geographical regions. This will include review of available key
resources, including guidance documents. We will also review
the recent changes to pregnancy and lactation labeling and
specific nonclinical language from various regional labels (or
equivalent) of some more recently approved biologics.

12-5
This presentation will focus on a US FDA reviewer’s
perspectives on essential elements to be included in the INDs,
IBs, and NDAs/BLAs. Points that will be addressed include
the review process of these submissions. Examples of good
submissions and those needing improvement will be shared.
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13. Symposium
Safety Pharmacology for Toxicologists: Incorporating Functional
Endpoints into Toxicology Studies and Highlighting Proposals for
Changes in Guideline Requirements

2:00 PM–5:00 PM
Grand Sonoran F

SESSION CHAIRS: B
 rian Roche, Charles River, Ashland, OH; and

Tuesday

Marie-Luce Brodzinski-Rosseels, UCB Biopharma Sprl, Braine-l’Alleud, Belgium
EDUCATIONAL SUPPORT PROVIDED BY:

Charles River and WuXi AppTec Laboratory Testing Division
This session is designed by the board of the Safety Pharmacology Society to update toxicologists on the latest developments
within the associated field of safety pharmacology. It focuses on the increased application and acceptance of functional endpoints within investigative and regulatory toxicology studies, but also the ongoing discussions into potential changes to regulatory guidelines in the future. Assessments of acute cardiovascular, neurofunctional, and respiratory systems (the ICH S7A
“core battery”) are generally performed as stand-alone studies within the IND-enabling package supporting first-in-human
administration. In recent years, safety pharmacologists have increasingly collaborated with toxicologists to incorporate these
functional endpoints into toxicology studies, to provide additional information following repeat administration, or often to
replace the stand-alone studies altogether. Presentations will provide information highlighting current industry practices for
including cardiovascular and CNS (functional observational battery) endpoints into toxicology studies, along with tips for
successful collaboration and potential drawbacks to consider. Further presentations will discuss the requirement and predictivity of safety pharmacology data, preparing for proposals to review and update ICH S7A/B Guidelines in the future. These
include changes to cardiovascular data following the international CIPA initiative and the value of respiratory data, given the
lack of translation to human clinical data. These topics will be presented for audience discussion in conjunction with regulatory feedback.

13-1

2:00 PM–2:25 PM

Introduction and Perspectives on Safety Pharmacology Endpoints within
Toxicology Studies

Helen Prior, National Centre for the Replacement, Refinement and Reduction of
Animals in Research (NC3Rs), London, United Kingdom

13-2

2:25 PM–2:50 PM

Implanted Telemetry in Toxicology Studies: A Retrospective Analysis by the
HESI Consortium

Simon Authier, Charles River, Laval, QC, Canada

13-3

13-4

2:50 PM–3:15 PM

Inclusion of Neurofunctional Assessments in Toxicology Studies

3:15 PM–3:45 PM

Break

3:45 PM–4:10 PM

Drug-Induced QTc Prolongation and Torsades de Pointes (TdP): Evolving ICH
S7B in Light of Emerging Data

Stephanie Born, Merck & Co., Inc., West Point, PA

Hugo M. Vargas, Amgen, Inc., Newbury Park, CA
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13-5

4:10 PM–4:35 PM

Translation of Respiratory Safety Pharmacology Findings

13-6

4:35 PM–5:00 PM

A Regulatory Perspective of Safety Pharmacology Data in Toxicology Studies

Sabina Paglialunga, Celerion, Tempe, AZ

Amy Avila, US FDA/CDER, Silver Spring, MD
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13-4

The integration of functional safety pharmacology
assessments into toxicology studies has long been advocated
(and endorsed within regulatory guidance), although
not widely adopted, often due to practical difficulties
(e.g., the location of safety pharmacology and toxicology
teams or laboratories) as well as perceptions around data
quality. Recent technological advancements, trends toward
outsourcing of studies, escalation of biotherapeutics in
development, and sharing of experience have encouraged
wider acceptance of these approaches. Benefits include the
ability to correlate functional with pathological/toxicological
data in the same animal, capture delayed onset effects,
and provide additional data to investigate whether effects
observed after a single dose persist, intensify, or diminish on
repeated dosing. If these combined studies are performed
instead of an acute safety pharmacology study (generally
the case for biotherapeutics and oncology products, but
examples for small molecules are also available), this
provides a 3Rs benefit of an overall reduction in animals
within the package. Ideally, additional measurements should
be noninvasive and not be detrimental to the conduct
and primary purpose of the toxicology study. The most
common measurements (cardiovascular and neurofunctional
parameters) in nonrodent and rodent toxicology studies will
be described in the following presentations.

ICH S7B and E14 describe the nonclinical and clinical risk
assessment strategies, respectively, to inform the potential
risk for proarrhythmia of a drug and contribute to the
design of clinical investigations. Since the implementation
of these Guidelines in 2005, there has been no drug
withdrawn for an unacceptable risk of TdP, and most drugs
evaluated clinically nowadays are negatives, largely due
to “hERG-centric” discovery screening strategies. Over the
past several years, emergent data (e.g., CiPA, JiCSA) have
increased our mechanistic understanding of drug-induced
QTc prolongation and TdP. Consequently, guidance is needed
regarding best practices for the design, conduct, analysis,
interpretation, presentation, and reporting of in silico, in vitro,
and in vivo nonclinical assays in order for these assays to
influence nonclinical and clinical evaluation. Although ICH
E14 identifies nonclinical data as a factor that can be used to
reduce the need for a TQT study, there has been no consensus
on how nonclinical data can be used to influence the design
and/or interpretation of a clinical QT assessment. That said,
there are several clinical scenarios that could benefit from
high-quality nonclinical data, such as clinical QT assessments
that are confounded by issues like heart rate changes,
inability to test a sufficiently high multiple of the clinically
relevant exposure to waive the positive control, and when a
TQT study is not feasible in healthy volunteers. On the other
hand, ICH S7B recommends “follow-up studies” to inform the
integrated risk assessment if a drug blocks the hERG current
or prolongs the QT interval. These could include evaluating
drug effects on additional ionic currents, and the use of
in vitro and in vivo assays. Newer assays and technologies
such as in silico ventricular models and human primary and
induced pluripotent stem cell–derived cardiomyocytes can
provide insights into the relative proarrhythmic liability of
drugs. Therefore, guidance is needed on when and how
these novel approaches could play a role in determining the
proarrhythmic risk to inform clinical development.

13-2
The use of implanted telemetry in toxicology studies has
increased in recent years, driven by ethical considerations
and the intrinsic value of safety pharmacology assessments
after repeated dosing. Data obtained from vehicle-treated
groups in toxicology studies were analyzed and compared
with nonimplanted animals to assess the impact of implanted
telemetry on a broad range of toxicology endpoints and
across commonly used species, including dogs, nonhuman
primates, and rats. Interpretation of safety pharmacology
data obtained in repeat-dose toxicology studies is often
perceived as a challenge due to potential procedural
interferences. Analysis strategies will be discussed, with
a review of potential success factors and pitfalls. While
implanted telemetry in toxicology has gained increasing
industry and regulatory acceptance, circumstances that may
favor stand-alone designs will also be discussed.

13-3
An assessment of central nervous system (CNS) function is
required as part of the ICH S7A safety pharmacology core
battery and may be needed for molecules governed by ICH
S6 or ICH S9 if the target is expressed in the CNS or effects
on the CNS are expected/predicted. Within our organization,
a functional observational battery (FOB) is routinely
incorporated into the rodent first-in-human enabling repeatdose toxicity study. Following the FOB assessment after
the first dose, these animals continue on study within the
cohort of animals used to assess toxicity and/or toxicokinetic
endpoints. This integrated approach to the assessment of CNS
function has largely replaced the need for stand-alone FOB
studies, has reduced animal usage and study costs, and has
been broadly accepted in our regulatory submissions. This
presentation will share practical information related to the
incorporation of FOBs in toxicity studies and the advantages
gained in utilizing this approach.
American College of Toxicology 40th Annual Meeting 2019
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13-5
Prior to first-in-human exposure, most new chemical entities
must undergo a series of preclinical evaluations. ICH S7A
safety pharmacology Guidelines, adopted in 2001, include
respiratory assessments as part of the core battery. Now,
nearly two decades following the finalization of ICH S7A
Guidelines, several questions arise regarding the effectiveness
of these in vivo respiratory assessments to identify a potential
clinical concern. Therefore, an industrywide nonclinical-toclinical translational database was created by IQ/DruSafe to
determine how safety assessments, including respiratory
system in animal models, translate to first-in-human clinical
risk. Specifically, how well do preclinical studies predict
human risk? Are safety pharmacology respiratory endpoints
sufficient to detect drug liability? To address these questions,
this presentation will review the safety pharmacology data
from the IQ/DruSafe database for respiratory endpoints,
focusing on 2x2 contingency tables results (true positive,
false positive, true negative, false negative). Additionally,
the presentation will highlight case examples from
industry and provide a historical overview of respiratory
concordance studies.
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13-6
There is precedent for the inclusion of in vivo safety
pharmacology functional endpoints in general toxicology
studies based on ICH guidance, including ICH M3(R2), S6, S7A,
and S9. However, currently there is no ICH or US FDA guidance
describing how to design such studies. This presentation
will provide general suggestions, from a regulatory
perspective, on the design and conduct of evaluating safety
pharmacology endpoints in general toxicology studies.
Initially, thoughtful consideration should be made based,
in part, on the type of new drug (small molecule, biologic,
anticancer pharmaceutical) and the drug’s pharmacodynamic
and pharmacokinetic profile when considering whether
to include safety pharmacology endpoints into general
toxicology studies. Safety pharmacology evaluations may be

incorporated into single or repeat-dose toxicology studies,
or as part of follow-up toxicity studies. The assessment of
safety pharmacology as part of general toxicology studies
should provide rigor similar to that in stand-alone safety
pharmacology studies. Therefore, the design of the general
toxicology study should be carefully considered when
including safety pharmacology endpoints with respect to
species selection, timing of assessments, incorporation of all
necessary endpoints, doses, dosing procedures, data quality,
etc. Lastly, case studies will be presented with examples of
when safety pharmacology endpoints were successfully
incorporated into general toxicity studies and when standalone studies were used for a more adequate assessment
of safety.

14. Workshop
Toward Good In Silico Practice: Increasing Acceptance
to Support the 3Rs

2:00 PM–5:00 PM
Grand Sonoran G

SESSION CHAIRS: C
 atrin Hasselgren, Genentech, Inc., South San Francisco, CA; and

Joel Bercu, Gilead Sciences, Inc., Foster City, CA
In silico toxicology is poised to play an increasingly important role in hazard identification and characterization, including
assessments of impurities, extractables, and leachables, as well as worker safety and transportation. This session will outline
the major drivers for such adoption as well as current obstacles in improving the quality of such assessments. One of the major
impediments is the lack of commonly agreed protocols for performing an in silico assessment. To this end, an international
consortium was established to create in silico toxicology protocols for major toxicological endpoints, similar to test guidelines
routinely used in the application of in vitro or in vivo methods. This session will outline progress toward creating such protocols
as well as challenges in the application of in silico methods for complex chronic endpoints. The session will include case studies
describing how these protocols are already being practically applied and the potential for future use cases.

14-1

2:00 PM–2:25 PM

How to Improve the Acceptance and Defendability of In Silico Methods

14-2

2:25 PM–2:50 PM

How In Silico Methods Are Being Used to Support Regulatory and Industrial
Decisions Today

Catrin Hasselgren, Genentech, Inc., South San Francisco, CA

Joel Bercu, Gilead Sciences, Inc., Foster City, CA

14-3
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2:50 PM–3:15 PM

Protocols to Support the In Silico Prediction of the Acute Effects

3:15 PM–3:45 PM

Break

14-4

3:45 PM–4:10 PM

Progress toward Predicting Repeated-Dose Toxicity

14-5

4:10 PM–4:35 PM

Case Studies in the Application of In Silico Toxicology Protocols

4:35 PM–5:00 PM

Panel Discussion

Candice Johnson, Leadscope, Inc., Columbus, OH

Raymond Tice, RTice Consulting, Hillsborough, NC

Elena Lo Piparo, Nestlé, Lausanne, Switzerland
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14-1
In silico methods are used in a number of situations
in industry and academia, as well as in regulatory and
governmental organizations. Depending on the use case,
different levels of confidence in the predictions are required.
It is likely that the number of endpoints and application
areas will expand in the near future to assess regulated
chemicals on the basis of different toxicological endpoints.
Thus, the application of quality-driven standards will play an
increasingly important role in the use and adoption of such
methods. A central element of any quality-driven approach
is a protocol so the results can be generated, recorded,
communicated, archived, and then evaluated in a consistent
and reproducible manner. This presentation will introduce
the current landscape of in silico toxicology and describe
the formation of an international consortium including
regulators, government agencies, industry, academics,
model developers, and consultants across many different
sectors to develop harmonized approaches to applying
in silico predictions. The consortium initially developed a
protocol framework that outlines how to select, assess, and
integrate in silico predictions alongside experimental data
for defined toxicological effects or mechanisms. This includes
a new methodology for establishing the reliability of this
assessment. A hazard assessment framework for systematic
integration and assessment of these toxicological effects or
mechanisms to predict specific endpoints as well as assess
the confidence in the results is also part of this framework.
These protocols are being created for a number of major
toxicological endpoints, including genetic toxicity, skin
sensitization, carcinogenicity, acute toxicity, reproductive
toxicity, and developmental toxicity. This presentation will
outline the protocol framework, and the concepts will be
exemplified using a recently completed genetic toxicity
in silico protocol as well as the initial steps taken toward
an applied protocol dedicated toward transportation
of chemicals.

14-2
This presentation will outline how in silico methods can
support a variety of regulatory and product development
decisions. The ICH M7 Guideline for pharmaceutical
impurities provides a valuable use case for the successful
adoption of in silico methods. Here, the use of in silico
methods is driven by the need for a high-throughput
approach to assess the DNA-reactive mutagenic potential
for large numbers of pharmaceutical impurities, including
situations where it is not possible to easily obtain sufficient
quantities of the test material. The ICH M7 Guideline states
that (Q)SAR methodologies can be used for this assessment,
and it outlines that predictions from two methodologies
are required (expert rule based and statistical based) and
an expert review is warranted in situations where there are
conflicting results. In support of the adoption of ICH M7, a
number of articles have been published that provide critical
support for Guideline implementation, validating that in silico
methods are fit for purpose for this application and describing
protocols for implementation of the (Q)SAR assessment.
An increasing number of regulatory guidelines describe
the potential for use of in silico methods as a part of hazard
assessment. Examples include the European Union’s REACH,
Cosmetics Directive, and EFSA residue definition for dietary
risk assessment of plant protection products; the US FDA
American College of Toxicology 40th Annual Meeting 2019

ENDS, PBPK, and environmental assessment guidelines;
and the US EPA Toxic Substance Control Act regulation. This
presentation will outline the drivers and benefits for using
in silico methods and discuss the breadth of regulatory
guidelines where in silico methods are now acceptable.
The presentation will also enumerate criteria for successful
adoption of in silico solutions based on the experience
implementing the ICH M7 Guideline, including (1) outlines
drivers and benefits for using in silico methods, (2) discusses
the breadth of regulatory guidelines where in silico methods
are acceptable, (3) presents industrial use cases where in silico
methods have been successfully applied, and (4) enumerates
criteria for successful adoption of in silico solutions.

14-3
A paradigm shift in toxicology toward a mechanistic
evaluation of toxicological processes has fostered growth in
the evaluation of the sensitization endpoint, as well as the
irritation/corrosion and acute toxicity endpoints, albeit to
a lesser extent. In silico analyses of these endpoints play an
important role in evaluating the weight of evidence (WOE)
indicated by nontesting methods and support decisionmaking. To improve the reproducibility and transparency of
in silico use, protocols were developed for the sensitization,
irritation/corrosion, and acute toxicity endpoints.
Mechanistic information and observed effects are assembled
in an evaluation framework in which in silico predictions and
existing testing data are integrated to derive an assessment
of major endpoints. The data integration may take the form
of a defined approach (DA), in which rules and procedures
are used to integrate adverse outcome pathway (AOP)
informed predictions. In other instances, data integration
may involve a WOE assessment. In all cases, the prediction
of an endpoint is assigned a confidence score (a measure of
reliability, relevance, and completeness of information). In
this presentation, elements of the sensitization, irritation/
corrosion, and acute toxicity protocols are used to illustrate
how existing AOPs, integrated approaches to testing and
assessment (IATA), and DA are used to derive an in silico
assessment and an associated measure of confidence.

Tuesday
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14-4
Prediction of repeated-dose toxicity using alternative
methods is the focus of considerable international effort.
This presentation will highlight the progress toward the
prediction of chronic effects, with a focus on carcinogenicity,
using a combination of in silico methods and experimental
data. This will include a description of how computational
models and in vitro data covering both genotoxic and
nongenotoxic mechanisms alongside models predicting
in vivo outcomes can be integrated to support these
predictions. This presentation will also describe how ADME
data and/or predictions as well as ‘omics information can
be integrated into the predicted outcomes. In addition, the
presentation will describe the alignment of this initiative with
other projects, such as the Joint FAO/WHO Expert Committee
on Food Additives (JECFA) project to update the guidance on
evaluation of the genotoxicity of chemical substances in food
as part of their effort to evaluate the carcinogenicity of food
use pesticides and herbicides and the National Institute of
Environmental Health Sciences/National Toxicology Program
initiative to better characterize carcinogenicity mechanisms.
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14-5
In silico toxicological protocols are starting to be used to
support risk assessments. For food applications, the ultimate
goal is to obtain quantitative toxicity predictions that can be
used to establish a margin of exposure (MoE), which informs
on the safety concern. In practice, the process begins with
an assessment of all relevant hazard-related information
available (e.g., mechanisms, DNA reactivity, alerts for
developmental toxicity) using a combination of available and
in-house data as well as different in silico predictions. This
information is important for selecting the most appropriate
quantitative toxicological prediction in order to calculate the
MoE. When all information has been merged, data reliability
is determined through a new reliability scoring method.
Therefore, the protocol outlines the confidence associated

5:00 PM–6:30 PM

with the final results after analyzing the completeness,
reliability, and relevance of all the information. This
presentation will describe the use of the protocols to support
the safety assessment of real-world case studies (food
ingredients, contaminants, and packaging migrants) and how
the principles outlined in the protocols can be practically
used to perform hazard identification and characterization.
It will explain how the rules and principles outlined in the
protocol are used to predict and assess the confidence for
some toxicological endpoints (such as mutagenicity and
reprotoxicity) as well as the role of expert review throughout
the complete process. The benefits associated with the use of
in silico protocol principles and the lessons learned from this
process will be also illustrated.

ACT Members’ Meeting

(Open to registered ACT members only. See page 13 for
more information.)

Wildflower A
6:30 PM–7:30 PM

ACT Member Mixer

(Open to ACT members only. Advance registration required. Sign up at
Registration Desk. See page 13 for more information.)

Wildflower Terrace
7:00 PM–9:30 PM

Early Career Professional Social

(Open to students and attendees with less than 10 years’ of professional
experience. Advance registration required. Space is limited. Sign up at
Registration Desk. See page 13 for more information.)

Off-site Location

64

American College of Toxicology 40th Annual Meeting 2019

American College of Toxicology
A library of educational resources at your fingertips.

www.actox.org
International Journal of Toxicology
The official journal of ACT, International Journal of Toxicology (IJT), offers toxicologists in all job sectors timely,
peer-reviewed, multidisciplinary articles covering safety assessments, mechanisms of toxicity, biomarkers, and
risk assessment. IJT strives to publish articles that facilitate and improve toxicology practice. Open access and full
access options are available online.

Educational Training Courses
• Toxicology for Pharmaceutical and
Regulatory Scientists
March 30–April 3, 2020
Gaithersburg, Maryland

• Advanced Comprehensive Toxicology
August 3–7, 2020
Gaithersburg, Maryland

• Pathology for Nonpathologists
Co-Hosted with the Society of Toxicologic Pathology
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• Practical Application of Toxicology
in Drug Development
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Summer 2020
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Wednesday Morning Sessions
6:30 AM–7:30 AM

6th Annual ToxTrot

(Free event. Advance registration required. Sign up at Registration Desk.
See page 13 for more information.)

Sunset Lawn
8:00 AM–8:55 AM

Exhibitor-Hosted Programs

(Open to all attendees. See page 124 for more information.)

8:00 AM–9:00 AM

Past Presidents’ Breakfast
(By invitation.)

Grand Sonoran A

Including Nonclinical Data in Product Labels: Labeling Regulations
Guidance, and Practice

9:00 AM–12:00 Noon
Grand Sonoran E

SESSION CHAIRS: C
 hristopher Ellis, US FDA/CDER, Silver Spring, MD; and

Christopher Bowman, Pfizer Inc., Groton, CT
EDUCATIONAL SUPPORT PROVIDED BY:

ViiV Healthcare and American College of Toxicology

Wednesday

15. Workshop

Pharmaceutical labeling is used primarily for communicating important information to allow for the safe and effective use of
approved products in patients for various indications. Although intended primarily for health care providers, the product label
is used by a variety of audiences, including patients. Thus, nonclinical data should be conveyed in a clinically meaningful way
to ensure that its relevance to the intended patient population is communicated clearly. The US FDA regulations, including the
Physician Labeling Rule (PLR) and the Pregnancy and Lactation Labeling Rule (PLLR), and guidance provide direction on the
requirements for the content and format of labeling for human prescription drug and biological products. This Workshop will
introduce sections of the label covered by the PLR and PLLR, describe relevant guidance, and focus on presenting data in clear
language, with an emphasis on relevance to the prescribing health care professional and patient. Although all sections of the label
that may contain (or reference) nonclinical data will be covered, the presentations and discussion will focus on communicating
risk in specific populations (Sections 8.1, 8.2, 8.3, 8.4) as well as communicating nonclinical toxicology data (carcinogenicity,
genotoxicity, fertility, and other animal toxicology and/or pharmacology) (Section 13) in labeling. The session will describe what,
where, and how nonclinical information should be included in pharmaceutical product labeling and will conclude with a panel
discussion regarding practical aspects of writing an informative label as well as considerations for best practices in labeling.

15-1

9:00 AM–9:25 AM

Overview of Current Regulations and Guidance for Including Nonclinical
Data in Prescription Drug Labeling

Mukesh Summan, US FDA/CDER, Silver Spring, MD

15-2

9:25 AM–9:50 AM

Using Nonclinical Data to Communicate Human Pregnancy Risk

15-3

9:50 AM–10:15 AM

Communicating Risk for Use in Specific Populations: Pediatric Use and
Lactation

Dinesh Stanislaus, GlaxoSmithKline plc, Collegeville, PA

LaRonda L. Morford, Eli Lilly and Company, Indianapolis, IN

15-4

10:15 AM–10:45 AM

Break

10:45 AM–11:10 AM

Use of Nonclinical Data to Communicate Risk in Females and Males of
Reproductive Potential

Christopher Bowman, Pfizer Inc., Groton, CT
American College of Toxicology 40th Annual Meeting 2019
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15-5

11:10 AM–11:35 AM

Communicating Nonclinical Toxicology Data in Labeling

15-6

11:35 AM–12:00 Noon

Panel Discussion: Practical Aspects and Considerations for Best Practices in
Labeling

Ilona Bebenek, US FDA/CDER, Silver Spring, MD

15-1

15-4

On January 24, 2006, the US FDA issued final regulations
governing the content and format of prescribing information
(PI) for human drug and biological products. The rule is
commonly referred to as the Physician Labeling Rule (PLR)
because it addresses prescription drug labeling that is used
by prescribers and other health care providers. The goal of
the PLR content and format requirements as described at 21
CFR 201.56 and 201.57 is to enhance the safe and effective
use of prescription drug products by providing health care
providers with clear and concise PI that is easier to access,
read, and use. The PLR format also makes PI more accessible
for use with electronic prescribing tools and other electronic
information resources. Similarly, the Pregnancy and Lactation
Labeling Rule (PLLR) requires changes to the content and
format for information presented in prescription drug
labeling to assist health care providers in assessing benefit
versus risk and in subsequent counseling of pregnant women
and nursing mothers who need to take medication, thus
allowing them to make informed and educated decisions for
themselves and their children. This presentation will provide
a general overview of the PLR, with specific emphasis on
the PLLR.

A new, dedicated section of United States Package Insert
(USPI) communicates risk to females and males of reproductive potential. The inclusion of this section in the USPI
is optional and dependent on the presence of reproductive
risk. At the time of new drug approval, the presence of reproductive risk is typically based on nonclinical data but would
also account for any available clinical data. There are three
possible subsections, including pregnancy testing, contraception, and infertility. Data in pregnant animals and genotoxicity testing are primarily used to determine whether risk
communication includes pregnancy testing or contraception.
Data from repeat-dose toxicity and fertility studies in animals
are usually used to determine whether communication of
infertility risk should be included. There is limited guidance
on how nonclinical data should be used; thus, there is much
inconsistency and variability across the USPI of approved
products. Therefore, different product profiles will be used as
examples to describe how this new section of the USPI is used
to communicate risk in females and males of reproductive
potential, including a scientifically based rationale for male
and female contraception.

15-2
Communicating the risk to a human pregnancy is central
to the PLLR. It is not always clear what hazards identified in
animal reproduction studies would constitute a relevant
risk of importance to a human pregnancy. As hazard communications that would be included in the risk summaries
would vary depending on the context of the observations,
there are no clear rules. Therefore, examples and hypothetical scenarios will be utilized to provide an appreciation for
what may be appropriate to include in a product label. The
discussion will revolve around the importance of species concordance, exposure multiples, maternal toxicity, and types of
hazards. Appropriate ways to communicate these risks will
be explored.

15-5
This presentation will focus on communication of nonclinical
toxicology data (carcinogenicity, genotoxicity, fertility, and
other animal toxicology and/or pharmacology) in Section
13 of a pharmaceutical label. Federal regulations, content
requirements, and format, as well as case examples, will
be discussed with respect to each subsection. In addition,
special considerations for each subsection will be discussed.

15-6
The panel will discuss specific considerations related to
Section 8 and/or 13 of labeling and will answer questions
from the audience. Specific questions will be provided to
help direct the discussion.

15-3
Communicating risk information, based on animal toxicology
data, contributes to the safe and effective use of approved
pharmaceutical products. This presentation will provide
unique considerations for communicating risk in clear
language for specific populations (Sections 8.2 and 8.4)
based on the PLLR and the recent US FDA guidance “Pediatric
Information Incorporated into Human Prescription Drug
and Biological Product Labeling” (2019). Practical aspects of
writing an informative label and several case examples will
be described.
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16. Workshop
Nuts and Bolts of Mentoring: A Tool to Augment Career Success

9:00 AM–12:00 Noon
Grand Sonoran F

SESSION CHAIRS: S
 aurabh Vispute, Pfizer Inc., Groton, CT; Jessica Sapiro, Sage Therapeutics, Cambridge, MA; and

Caroline E. Moore, San Diego Zoo Global, San Diego, CA

16-1

9:00 AM–9:10 AM

Introduction

16-2

9:10 AM–9:30 AM

Managing Your Career Progression: A Manager’s Insight

16-3

9:30 AM–9:50 AM

A Career Mentoring Relationship: A Resource to Maximize Growth and
Development

Saurabh Vispute, Pfizer Inc., Groton, CT

Laura Andrews, AbbVie Inc., Worcester, MA

Wednesday

This interactive Workshop is presented by the ACT Early Career Professional (ECP) Subcommittee. As we advance through
our careers, we benefit from building professional relationships and receiving mentoring from our peers, senior colleagues,
managers, and friends, inside and outside our organizations. The why, when, and how of developing and building such relationships, with anecdotal case studies and examples shared by early and advanced career professionals, will be discussed.
The goal of this Workshop is to provide tools for attendees to build, develop, and maintain effective and successful mentoring
relationships as a toxicologist. The first part will consist of talks by an experienced manager at a pharmaceutical company, a
career mentor, and an early career mentee sharing the highlights of a successful professional and mentoring relationship. The
roles of each relationship and avenues to maximize the helpful feedback obtained from a good mentor will be outlined. The
second half of the Workshop will consist of three short presentations highlighting challenging case studies where a mentor’s
advice has been instrumental: how to seek a mentor outside your organization, how to effectivity talk with a manager about
professional and personal goals, and how a mentor can help evaluate and influence career choices. The talks will be followed
by a panel discussion during which the speakers will offer on-site mentoring. Audience participation is strongly encouraged.

Kristina Chadwick, Bristol-Myers Squibb Company, New Brunswick, NJ

16-4

9:50 AM–10:15 AM

Back to School for Advanced Degree and Beyond: How to Maximize Career
Development through Mentoring

Jessica Sapiro, Sage Therapeutics, Cambridge, MA
10:15 AM–10:45 AM

Break

16-5

10:45 AM–10:55 AM

Case Study: How to Seek a Mentor Outside Your Organization

16-6

10:55 AM–11:05 AM

Case Study: Balancing Professional and Personal Goals and Why Honest and
Open Dialogue Is Important

Caroline E. Moore, San Diego Zoo Global, San Diego, CA

Saurabh Vispute, Pfizer Inc., Groton, CT

16-7

11:05 AM–11:15 AM

Case Study: How Your Mentoring Relationship Can Help You Evaluate and
Influence Your Career Transitions and Choices

Krista Greenwood, INDS, Inc., Ann Arbor, MI
11:15 AM–12:00 Noon

Interactive Discussion
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16-1
The introduction will briefly orient the audience with
the Workshop Session. Specifically, this presentation will
serve as an introduction to goals of a relationship and the
various types of relationships that will be discussed. This
Workshop will cover key components of building an effective
mentoring relationship; aspects of evaluating relationships,
including self-assessment/peer assessment; perspectives of
early career and advanced career professionals; interactive
on-site mentoring; and information about the ACT
Mentorship Program.

Wednesday

16-2
This talk will discuss the role of a manager in career progression and how a manager acts as a catalyst for career development. A great manager possesses strong leadership skills
that are passed on to employees and both attracts them and
stimulates growth. A manager brings different attributes to
the table that may not have been appreciated during a graduate or postdoc period. While a manager is responsible for
the goals and performance of their function and the people
in that function, there is an added accountability upward
to senior management for project performance and overall
attainment of business goals. A good manager can be instrumental in defining and building critical characteristics of
successful toxicologists, including inquisitiveness, patience,
attention to detail, strong verbal and written communication skills, ability to work on diverse teams, and business
acumen. Each employee has unique skills, and a strong,
healthy employee-manager relationship may define how an
employee grows as a successful toxicologist. Critical characteristics that make an employee successful in their daily job
functions and how to develop a rapport with a manager will
be shared. Good toxicologists in industry may become managers themselves, and key steps early career professionals
can take to become a people manager and/or functional area
manager in the future will be provided.

16-3
Mentorship is a relationship in which a more experienced or
more knowledgeable person helps guide a less experienced
or less knowledgeable person. By definition, anyone can
be a mentor at any stage of their life or career. A career
mentor focuses on professional development and assistance.
A mentee can have multiple mentors throughout their
career as needs and situations evolve. This talk will begin
by discussing the role of a mentor and a mentor-mentee
relationship. A mentor helps guide a mentee in reaching
their career goals and aspirations. The mentor-mentee
relationship shares common traits with many other types
of relationships, including respect, strong communication,
vulnerability and establishment of trust, and authenticity.
This relationship is one that typically involves a long-term,
ongoing commitment and a genuine investment in helping
the other person accomplish desired goals and grow. A
manager can provide mentorship by providing advice to
help the employee develop, but in many cases, that will be
associated with the organization’s priorities. A career mentor
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not associated with performance evaluation can focus
on providing advice in the best interests of their mentee.
Following the discussion of this type of relationship, examples
of topics a mentor and mentee can discuss that are applicable
to early career scientists will be provided, including honing
communication skills, managing stress, navigating difficult
situations, working with challenging individuals, developing
leadership skills, and transforming from trainee to early and
mid-career professional.

16-4
This session will discuss how mentoring can advance your
career. Managerial relationships and career mentoring relationships apply to any individual’s career. The first part of
this talk will provide insights on how to be a good mentee,
whether that is working with a career mentor or attributes
that will drive a manager to provide mentorship. Subsequently, the speaker will share a predoctoral biopharma
experience working in the toxicology group that led to a toxicology career. The role of a manager in helping to foster this
career path yet providing skills to make independent choices
will be described. Critical transferable skills acquired during
the technician experience—including multidisciplinary
teamwork; defending oneself and one’s beliefs; networking internally within an organization and externally in the
community; developing a positive attitude with big-picture,
holistic thinking; and working with a manager—will be delineated. The speaker will explain the role of transferable, interpersonal, and scientific skills in an academic doctoral degree
setting, and the value of obtaining a career mentor during
graduate training will be emphasized. An application of the
skills acquired throughout the speaker’s career will be shared.
Lastly, insights on when to consider further growth and what
those opportunities may look like in a drug development toxicology career will be discussed.

16-5
This case study will elaborate on how developing a network
of mentors outside your current position and reaching
out of your comfort zone can take your career path in new
directions. This can help you rationally evaluate options and
redirect you if first (or second or third) choice ideas don’t
succeed as anticipated. This talk will also briefly outline the
ACT Mentorship Program and how mentees can benefit from
your own career progression.

16-6
This case study will discuss how using effective communication skills with your mentor can not only streamline your professional goals but also ensure you have the time and energy
to meet your personal goals, too.

16-7
This case study will outline how a mentor can impact early
career transitions at a time when you may feel overwhelmed
with the options (or lack of options) available to you.
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17. Workshop
Toxicology Paradise: Sorting Out Adverse and Nonadverse Findings

9:00 AM–12:00 Noon
Grand Sonoran G

SESSION CHAIRS: P
 aul Baldrick, Covance, Inc., Harrogate, United Kingdom; and
Mary Ellen Cosenza, MEC Regulatory & Toxicology Consulting, LLC, Moorpark, CA
EDUCATIONAL SUPPORT PROVIDED BY:

Covance, Inc.

9:00 AM–9:05 AM

Introduction

17-1

9:05 AM–9:20 AM

Handling Adverse and Nonadverse Toxicology Findings

17-2

9:20 AM–9:50 AM

Generating, Interpreting, and Communicating Adverse and Nonadverse
Pathology Data from Animal Toxicity Studies

Mary Ellen Cosenza, MEC Regulatory & Toxicology Consulting, LLC, Moorpark, CA

Paul Baldrick, Covance, Inc., Harrogate, United Kingdom

Wednesday

A challenge to all toxicologists is working out what study findings are actually adverse or nonadverse for humans, resulting in
generation of a toxicology study no-observed-adverse-effect level (NOAEL). This session will discuss why setting a NOAEL is not
always straightforward, not only for small molecules but also for biopharmaceuticals. It will introduce examples of study findings
considered adverse and nonadverse and how the former can halt or delay clinical development depending on a number of
factors. Case studies will be presented, as will presentations on how US FDA and EU regulators assess adverse and nonadverse
findings to allow clinical studies to commence and drug marketing approvals to succeed, along with the process that allows
dialogue with the regulators. Discussion will take place around how decisions defining adverse findings and the NOAEL in final
study reports can occur and who should be involved in the process.

Brad Bolon, GEMpath Inc., Longmont, CO

17-3

17-4

9:50 AM–10:15 AM

How Adverse and Nonadverse Findings Have Affected Product Development

10:15 AM–10:45 AM

Break

10:45 AM–11:15 AM

An MHRA Perspective on Handling Adverse and Nonadverse Toxicology
Findings

Melissa Rhodes, Dance Biopharm Inc., Durham, NC

Ian Waterson, Medicines and Healthcare Products Regulatory Agency, London,
United Kingdom

17-5

11:15 AM–11:45 AM

A US FDA Perspective on Handling Adverse and Nonadverse Toxicology
Findings

Tessie P. Alapatt, US FDA/CDER, Silver Spring, MD
11:45 AM–12:00 Noon

Panel Discussion

17-1
The role of toxicology testing is to screen out toxic molecules
and to identify adverse findings that are of a safety concern
in the clinic, allowing appropriate monitoring. However,
a challenge to all toxicologists is working out what study
findings are actually adverse or nonadverse for humans,
resulting in generation of a toxicology study NOAEL.
This presentation will introduce examples of the study
findings considered adverse and nonadverse and how an
understanding of “expected pharmacology,” mechanism of
American College of Toxicology 40th Annual Meeting 2019

action not relevant to humans, and species-specific and other
situations are vital in characterizing findings.

17-2
Anatomic and clinical pathology diagnoses are professional
interpretations in which objective observations are judged
in the context of prior individualized experience. To optimize
diagnostic consistency, pathologists define adverse as “harm”
and nonadverse as a lack of harm in relation to effects to a test
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species for a given study. Adverse findings may be identified
in subreports (clinical data, pathology data, etc.) and/or the
final study report, but the NOAEL should be established
at the level of the overall study report. Decisions defining
adverse findings and the NOAEL in final study reports should
combine the expertise of all contributing scientific disciplines
to provide the clearest and most concise “weight of evidence”
(WOE) foundation for science-based decision-making.

Wednesday

17-3
The determination of findings being adverse or nonadverse
can significantly affect a compound’s developability. Adverse
findings can halt or delay clinical development depending
on a number of factors, including the type of finding, monitorability, reversibility, clinical indication, and therapeutic
index (exposure margin). However, adverse findings are not
the only consideration in product development. Nonadverse
findings can lead to significant alterations in clinical development plans, biomarker analyses, or inclusion/exclusion criteria. Furthermore, both adverse and nonadverse findings may
require in-depth scientific justifications for health authorities.
This presentation will provide case studies of how adverse
and nonadverse findings in toxicology studies affected
product development.

12:00 Noon–12:55 PM

17-4
The talk will deal with two aspects of handling adverse and
nonadverse toxicology findings—first during a submission
for a clinical trial authorisation (CTA) application and
second reporting new toxicology findings to the Agency
while a clinical trial is ongoing. The talk will also cover what
the Agency considers to be adverse and nonadverse, risk
mitigation processes, and how sponsors can liaise with the
Agency to receive advice or discuss findings.

17-5
This presentation will give an update on how adverse and
nonadverse findings in toxicology testing are assessed from
a US FDA perspective from review of data submitted to
the Agency. Examples will be presented from across drug
classes, and how they are evaluated from a safety perspective
will be discussed. It will be shown how agreement on
their interpretation for risk assessment occurs with
sponsor companies.

Exhibitor-Hosted Programs

(Open to all attendees. See page 124 for more information.)

A Closing Reception: Next Stop–Austin!
Wednesday

5:00 PM–6:00 PM

Ballroom Lawn

Open to all registered attendees.
Stop by to meet with the ACT incoming President, Lorrene Buckley,
and say, “See you next time!” to old friends and new.
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18. Symposium
Hot Topics

2:00 PM–5:00 PM
Grand Sonoran E
SESSION CHAIRS: J oseph A. Francisco, Charles River, Seattle, WA; and

Jane J. Sohn, US FDA, Silver Spring, MD

18-1

2:00 PM–2:40 PM

TCR 2.0: Reviewing Experience with Methods to Detect Off-Target Binding of
Monoclonal Antibodies

Laura Andrews, AbbVie Inc., Worchester, MA

18-2

2:40 PM–3:15 PM

Regulatory Considerations for Human Gene Therapy Products Involving
Genome Editing by CRISPR/Cas: A CBER Perspective

18-3

3:15 PM–3:45 PM

Break

3:45 PM–4:20 PM

Investigating the Molecular Potentiation of Cutaneous and Systemic
Damage Inflicted by Co-Exposure to Solar UV Radiation and Chlorination
Stress Originating from Swimming Pool Disinfectants

Georg T. Wondrak, University of Arizona, Tucson, AZ

18-4

4:20 PM–5:00 PM

To the Moon, Mars, and Beyond

Valerie E. Ryder, NASA, Houston, TX

18-1
Monoclonal antibodies and derivatives thereof have become
a mainstay pharmaceutical modality. A primary benefit of
these proteins is their highly targeted nature which can
reduce the incidence of side effects in patients. It is critical
however to ascertain the specificity of antibodies prior to
human clinical trials, and several country and worldwide
guidances direct sponsors to evaluate this. For the last two
decades, the primary technique for determining specificity has been the immunohistochemistry (IHC) based “Tissue
Cross Reactivity” assay (TCR), where the candidate antibody
is panned across 32 tissues to look for unexpected staining.
In the last few years however, other array-based platforms
have emerged that allow for screening the majority of the
human membrane proteome, indicating a viable alternative
and/or addition to the IHC methods. Additionally, a “Q&A” to
the ICH S9 guidance in 2018 indicated that TCR assays are not
required in most situations for oncology biotherapeutics.
The preclinical advocacy arm of the Biotechnology Industry Organization (BIO), “Biosafe”, has conducted a survey of
26 BIO member companies to understand current sponsor
experience with the IHC and array techniques for determining antibody specificity. In the last ten years, more than 650
IHC TCR assays have been conducted largely on full length
mAbs with varying impacts on programs. Protein/cell arrays
have been utilized by a third of the companies surveyed and
are gaining familiarity and comfort with the platform—initial experience with recent versions of these arrays has been
largely positive and are integrating new modalities such as
scFvs from CAR-T therapies. ICH S6R1 guidance offers sponsors the option to use alternatives to IHC to determine antibody specificity—while most sponsors are not prepared to
American College of Toxicology 40th Annual Meeting 2019
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Sandhya Sanduja, US FDA/CBER, Silver Spring, MD

eliminate the IHC method, growing experience with these
alternatives may allow them to confidently choose one with
or without IHC in the future. Details on sponsor responses
and experience will be shared in this session.

18-2
Over the past decade, interest in human genome editing as a
therapeutic modality for the treatment of human disease has
increased exponentially. While the potential benefit of this
technology is apparent, the risks are not as well understood.
Thus, the transition of these gene therapy products to clinical
trials requires comprehensive characterization of product
risks and how they can be mitigated. This presentation will
describe the existing regulatory framework to assess the
safety and activity profiles of CRISPR/Cas-based gene edited
therapeutic products to enable administration in earlyphase clinical trials. This presentation will provide a general
overview of CBER/OTAT considerations for preclinical proofof-concept and safety assessment of these novel products.

18-3
Hypochlorous acid (HOCl) is the active oxidizing principle
released by standard swimming pool disinfectants used
on a global scale, but the health consequences of human
exposure inflicted by HOCl remain largely unknown, posing a
major public health concern relevant to populations around
the world. Environmental exposure to solar ultraviolet (UV)
radiation is a causative factor in skin photocarcinogenesis,
and immune suppression is a key mechanism underlying
detrimental effects of acute and chronic UV exposure.
Our preliminary data indicate that HOCl exposure greatly
potentiates the genotoxicity of solar UV photons thought
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to originate from oxidative DNA base modifications
caused by this potent electrophile. Moreover, we have
observed that the key modulators of UV-induced systemic
immunosuppression, cutaneous dendritic cells (Langerhans
cells), are hypersensitive to the cytotoxic effects of HOCl,
suggesting a potentiation of immunotoxic effects of solar
UV, relevant to skin barrier function, systemic inflammatory
disease, and carcinogenesis. Our ongoing research explores
the molecular potentiation of UV-induced cutaneous and
systemic damage by co-exposure to HOCl-based swimming
pool disinfectants, examined in cell culture, skin tissue
models, and mouse models of UV-induced skin damage and
cancer. The public health relevance of human exposure to
chlorination stress (mediated by HOCl) and solar radiation
in the context of recreational swimming pool use creates
an urgent need for detailed molecular investigations. The
ultimate goal of this research is to substantiate occurrence
and molecular nature of adverse health effects that result
from this relevant environmental co-exposure.

18-4
A vision for a return to the moon means providing an
environment aboard manned spacecraft capable of
supporting astronaut health and safety. Experts within
the Toxicology and Environmental Chemistry (TEC)
group at Johnson Space Center establish safe spacecraft
environmental limits and assess air and water quality aboard
current spacecraft (International Space Station (ISS) and
Commercial Cargo). Safety assessment of travel to and from
the moon will be compared and contrasted to traditional risk
assessments and development of allowable exposures.

19. Workshop
SEND: Current State of Affairs and Future Perspectives

2:00 PM–5:00 PM
Grand Sonoran F

SESSION CHAIRS: E
 ric Harstad, Theravance Biopharma, South San Francisco, CA; and

Matthew Whittaker, US FDA/CDER, Silver Spring, MD
EDUCATIONAL SUPPORT PROVIDED BY:

Aclairo

The CDISC Standard for Exchange of Nonclinical Data (SEND) provides a data model for nonclinical datasets supporting regulatory submissions, standardized data exchange between organizations, and enhanced data visualization/analytics. SEND
dataset submissions are required by the US FDA for general toxicity and carcinogenicity studies initiated after December
17, 2016 (for NDAs/BLAs/ANDAs), or December 17, 2017 (for INDs). Between the publication of the SEND Implementation
Guide (IG) version 3.0 in 2011 and the first SEND submission requirement in December 2016, considerable SEND experience
was gained through the collaborative work of larger pharmaceutical companies, contract research organizations, the US FDA,
and SEND technology vendors. Currently, implementation is particularly challenging at smaller companies, even as strategies
continue to extend and mature across the pharma landscape. While uncertainties around SEND requirements and interpretation of guidance documents continue to create implementation challenges, sponsors and sponsor partners have worked
collaboratively to generate best practices that enhance processes of managing the creation, sharing, storage, and submission
of SEND datasets. Additionally, these organizations continue to keep current with new data standards guidance, vendor tools,
and IGs for SEND. Importantly, as with the US FDA, sponsors and sponsor partners are leveraging SEND by implementing new
data warehouse strategies for efficient SEND dataset analyses per study or across targets that aspire to enable smarter drug
development through more robust data evaluation. In this Workshop, representatives from small and large pharmaceutical
companies and the US FDA will provide perspectives on experiences encompassing SEND implementation challenges, management, and enhanced utilization (visualization/analyses) of SEND data.

19-1

2:00 PM–2:15 PM

Introduction: SEND Workshop

19-2

2:15 PM–2:35 PM

Successes and Challenges with SEND: Sponsor Perspective on Outsourcing
SEND Generation

Joseph Horvath, Bristol-Myers Squibb Company, New Brunswick, NJ

Mark Carfagna, Eli Lilly and Company, Indianapolis, IN

19-3

2:35 PM–2:55 PM

SENDsationally Complex Dataset Generation Approaches in the Biotech
World: Sponsor Perspective on In-House SEND Generation

Shameen Afif-Rider, AstraZeneca, Gaithersburg, MD
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2:55 PM–3:15 PM

Blueprint for the Small Company/Consultant

3:15 PM–3:45 PM

Break

19-5

3:45 PM–4:05 PM

Computer-Aided Toxicology Study Interpretation

19-6

4:05 PM–4:25 PM

The Impact of SEND Data on US FDA Review of Nonclinical Studies

19-7

4:25 PM–4:45 PM

Improving SEND Submissions to the US FDA

4:45 PM–5:00 PM

Panel Discussion

Kenjie Amemiya, Aclairo Pharmaceutical Development Group, Inc.,
Pleasanton, CA

Mandie Rhodes, Bristol-Myers Squibb Company, New Brunswick, NJ

Matthew Whittaker, US FDA/CDER, Silver Spring, MD

Patricia Brundage, US FDA/CDER, Silver Spring, MD

19-1

19-5

This introduction will set the stage for this Workshop on SEND
and will describe in brief (1) the basis of the SEND model, (2)
the timeline of SEND development, (3) considerations for
implementing SEND, and (4) the future direction of SEND.

Through study data standardization brought by CDISC SEND,
data visualization tools are now being used to facilitate study
interpretation. We will explore some of the advantages of
interactive data visualizations, some of the specific views that
are enabling faster high-quality study interpretations, and
how extending these capabilities to cross-study analysis may
unlock even greater value.

19-2
This is the first in a series of presentations that will cover
sponsor experiences with SEND from three different
perspectives. Pharmaceutical companies have taken various
approaches to prepare SEND datasets for regulatory review.
Examples of SEND data strategies that include outsourced, inhouse, and small company viewpoints will be covered. This
presentation will focus on outsourcing of SEND preparation.
Additionally, quality and timing of SEND datasets, internal
interpretation and warehousing, and challenges associated
with implementation of SEND will be discussed.

19-3
This is the second in a series of presentations that will
cover sponsor experiences with SEND from three different
perspectives. This presentation will focus on in-house SEND
creation; challenges with interim submissions, as well as data
warehousing and QC of datasets.

19-4
This is the third in a series of presentations that will cover
sponsor experiences with SEND from three different
perspectives. This presentation will discuss approaches
used by small companies, start-ups, and consultants, with a
specific focus on unique challenges and strategies for SEND
with limited resources.

5:00 PM–6:00 PM

Wednesday

19-4

19-6
The US FDA Center for Drug Evaluation and Research (CDER) is
implementing the use of software tools that allow nonclinical
reviewers to take advantage of the availability of SEND
datasets. Reviewers will be able to analyze study results from
multiple perspectives, as they will no longer be limited by the
single perspective presented by the static tables and figures
in PDF study reports. The use of SEND datasets is expected
to increase the efficiency of nonclinical review processes and
lead to more informed regulatory decision making.

19-7
Submission of quality SEND datasets to the US FDA is
necessary for reviewers to effectively review the data.
Awareness of frequent data standard implementation issues
identified by the US FDA, which impact the usability of the
data, will improve the quality of future submissions. A better
understanding of the Technical Rejection Criteria and the
Technical Conformance Guide is also expected to improve the
submission of SEND datasets to the US FDA and ultimately
improve the regulatory review process.

Closing Reception

(Open to all registered attendees. See page 13 for more information.)

Ballroom Lawn
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The α7-nAChRs and Heme Oxygenase-1
Pathway Are Key Mediators of Nicotine
Protective Actions during Endotoxemia
A.M. Wedn1, S.M. El-Gowilly1, M.M. El-Mas1
Alexandria University, Alexandria, Egypt

1

The nicotinic/cholinergic anti-inflammatory pathway protects
against kidney injury induced by endotoxemia. Here, we
tested hypotheses that (1) nicotine guards against endotoxic
manifestations of hemodynamic and renal dysfunction in rats,
and (2) the α7-nAChRs/heme oxygenase-1 (HO-1) cascade
arbitrates lipopolysaccharide (LPS) nicotine interaction. The
systolic blood pressure (SBP), inflammatory status, and
renovascular reactivity to vasodilators and vasoconistrictors
were assessed 6 hr after i.p. administration of LPS (5 mg.kg-1).
LPS reduced SBP, and elevated systemic and renal markers of
inflammation along with mortality rate. The LPS induced renal
dysfunction was manifested as increase in serum urea and
creatinine and decrease in renal reactivity to vasoconstrictors
and vasodilators. These LPS effects were sex related, as they were
more prominent in male rats. The apparent female resistance
to LPS effects was accompanied by intense induction of HO-1
renal expression compared with their male counterparts. The
endotoxic manifestations were dose-dependently reversed by
nicotine. Such favorable actions of nicotine (1) disappeared in rats
co-treated with methyllycaconitine (MLA, α7-nAChR blocker) or
zinc protoporphyrin (HO-1 inhibitor), and (2) were accompanied
with MLA-sensitive increases in renal HO-1 expression beyond
levels achieved by LPS. We also report that anti-inflammatory
and renal vasoconstrictor rectifying effects of nicotine were
reproduced after treatment with hemin (HO-1 inducer) or
American College of Toxicology 40th Annual Meeting 2019

tricarbonyldichlororuthenium (II) dimer (CORM-2, carbon
monoxide–releasing molecule), but not bilirubin. Contrarily, only
bilirubin replicated actions of nicotine on endotoxic mortality
and renal vasodilator dysfunction. Together, current evidence
suggests key roles for α7-nAChRs and HO-1 signaling in the
nicotine counteraction of lethal, inflammatory, hemodynamic,
and renal consequences of endotoxemia.

P102
Comparative Analysis of the Hepatotoxicity and
Nephrotoxicity of a Commercial Energy Drink and a
Local Kolanut Drink in Experimental Male Rats
A.A. Adebisi1, O.O. Ogunlabi2, B.O. Adegbesan2

Lagos State University College of Medicine, Ikeja, Lagos State, Nigeria,
Olabisi Onabanjo University, Ago Iwoye, Ogun State, Nigeria

1

2

Emerging evidence has linked energy drink (ED) consumption
with several negative health consequences. This study compares
the impact of a commercial energy drink (CED) and a local
Nigerian Kolanut drink (KD) on hepatic and renal health of male
rats. 28 male Wistar rats were randomly assigned into four equal
groups. The groups—control, E1, E2, and E3—received daily oral
treatment of placebo, CED (10 mg/kg caffeine), Kolanut drink (KD1)
(10 mg/kg caffeine), and (KD2) (20 mg/kg caffeine) respectively
for 28 days after which serum lipid parameters, glucose, insulin,
electrolyte (Na+, k+, cl-, Hco3-), urea, creatinine, AST, and ALT
levels were assessed. Our results show that CED significantly (p<
0.05) increased glucose (>200%), insulin (170%), total-cholesterol,
LDL-cholesterol, VLDL-cholesterol, and triacylglycerols, and
decreased HDL-cholesterol. Urea, creatinine, AST, and ALT
increased by 30% ± 6% and serum electrolyte levels were also
altered. Animals treated with KD2 had marginal increases in urea
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and sodium within the group while all the measured indices
for KD1-treated rats were similar to control group. The results
indicate that intake of CED at the test dose (about 2–3 cans of
energy drinks) is hepatotoxic, nephrotoxic, hyperglycemic, and
insulin intolerance inducing. Conversely, intake of KD1 and KD2
did not flag any noticeable metabolic threat, probably due to
other beneficial phytochemicals acting synergistically. Moreover,
the caloric content of the KD drinks would be much lower than
the CED since no artificial sugars were added. However, further
toxicity and histological inquest is necessary to establish safe
dosage of the Nigerian Kolanut drinks.

P103 
Mechanisms of YY1 Activation via NF-κB
Signaling in Manganese-Induced Impairment
of Astrocytic Glutamate Transporters
A. Rizor1, E. Pajarillo1, J. Johnson1, M. Aschner2, E. Lee1

Florida A&M University, Tallahassee, FL, USA, 2Albert Einstein College
of Medicine, Bronx, NY, USA
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Chronic exposure to manganese (Mn) causes a neurological
disorder known as manganism, which shares the pathological
features of Parkinson’s disease (PD). However, the mechanisms
of Mn toxicity are not well understood. Mn induces the
dysregulation of the astrocytic glutamate transporter excitatory
amino acid transporter 2 (EAAT2), which regulates synaptic
levels of the neurotransmitter glutamate. Mn-induced decreases
in EAAT2 expression and function lead to excess synaptic
glutamate and excitatory neurotoxicity, and are associated with
neuropathogenesis in PD and manganism. Mn activates the
transcription factor Yin-Yang 1 (YY1), which binds its consensus
site on the EAAT2 promoter and represses EAAT2 expression.
In the present study, we investigated the mechanisms of Mninduced YY1 activation via nuclear factor kappa-light-chainenhancer of activated B cells (NF-κB) signaling in human
astrocyte H4 cells. We hypothesized that Mn activates the NF-κBYY1 pathway via oxidative stress and proinflammatory signaling.
The results revealed that the initial target of Mn is inhibitor of
nuclear factor kappa-B kinase subunit beta (IKKβ), an upstream
kinase that activates NF-kB. Accordingly, pharmacological
inhibition of IKKβ abolished Mn-induced NF-kB activation and
increases in YY1 expression—with concomitant restoration of
EAAT2 mRNA/protein levels. Our findings also demonstrated
that Mn-induced reactive oxygen species (ROS) production
mediated IKKβ activation, as pretreatment with the antioxidants
N-acetylcysteine (NAC) and α-tocopherol abolished Mn-induced
IKKβ activation, inhibited NF-κB p65 nuclear translocation, and
attenuated YY1 promoter activity and expression. These results
indicate that Mn-induced oxidative stress and proinflammatory
signaling may activate IKKβ, the upstream kinase of NF-κB, to
upregulate YY1 and impair EAAT2.

P104
Prenatal Exposure to Cypermethrin Alters
Placental Function and Neurodevelopment
in Mice
B.A. Elser1, R.C. Dhakal1, K. Wang1, H-J. Lehmler1, H.E. Stevens1
University of Iowa, Iowa City, IA, USA

1

Prenatal exposure to pyrethroid insecticides has been identified
as a risk factor for low birth weight and neurodevelopmental
delay in children. Cypermethrin, a type II pyrethroid, has broad
agricultural and household use. Previous work in our lab
demonstrated that 10 mg/kg cypermethrin administered via oral
gavage from gestational days 11–14 reduces fetal body weight
and disrupts development of GABAergic progenitors in the
embryonic mouse brain. To address the molecular mechanisms
responsible for these effects, migrating GABAergic progenitors
were isolated from fixed embryonic brain tissue via laser capture
and were subsequently analyzed via RNA-seq. Pathway analysis
of differentially expressed genes found that cypermethrin
altered several upstream regulators with critical roles in the
differentiation and migration of GABAergic progenitors,
including SOX6, PPAR-alpha, and MAPK8. In addition, pathway
analysis implicated alterations in the pentose phosphate
pathway as a major contributor to cypermethrin’s effects, as well
as several pathways involved in the synthesis and catabolism of
amino acids. These changes suggest that cypermethrin may affect
energy provision to embryonic brain, a process dependent on
placental function. Interestingly, measurement of cypermethrin
via GC-MS found that levels in amniotic fluid were below the limit
of detection, despite an average concentration of 500ng/mL in
maternal serum. These results suggest an indirect mechanism
by which cypermethrin alters neurodevelopment. Consistent
with this notion, cypermethrin upregulated genes responsive
to oxidative stress in placental tissue, including Hif-1alpha, Sod1,
and Txrnd1. As such, impacts of pyrethroid exposure on fetal
growth and neurodevelopment may be mediated by placental
toxicity, which should be further investigated.

P105 
Microcystin-LR Induces Multi- and
Transgenerational Reproductive Toxicity
Potentially through Changes in Chromatin Structure
C.E. Moore1, M. Blumenkrantz1, P. Allard1
University of California Los Angeles, Los Angeles, CA, USA

1

The public health risk from microcystin-producing harmful
algal blooms continues to increase worldwide. With over 100
congeners, microcystin-LR (MCLR) is the most commonly
studied and detected microcystin and is known to cause acute
hepatotoxicity at high concentrations through inhibition of
serine/threonine protein phosphatases. Recent studies highlight
lower nonlethal exposure to MCLR causes reproductive toxicity,
yet there are limited to no multi- and transgenerational data
published on how MCLR may alter offspring reproductive health
after parental in utero exposure. Using the highly conserved and
well-established reproductive alternative model Caenorhabditis
elegans (C. elegans), parental L4 C. elegans are exposed to MCLR
(0.1–100 ug/L) for 48 hours and reproductive endpoints are
evaluated in parents (P0) and first-generation (F1) offspring
directly exposed to the toxin and in third-generation (F3)
offspring, which is the first generation not directly exposed to the
toxin after 48-hour P0 exposure. To evaluate if MCLR desilences
American College of Toxicology 40th Annual Meeting 2019
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P106
Decreased Aconitase Activity Potentiates
Manganese-Induced Perturbations in Mitochondrial
Apoptotic Pathway and Dopaminergic System in
Rats: Alleviating Effects of Nutrient Metal Mixture
C.B. Davuljigari1, S.R. Motireddy1, R.R. Gottipolu1
Sri Venkateswara University, Tirupati, Andhra Pradesh, India

1

The goal of the study was to determine the role of mitochondrial
aconitase in the dysfunction of the dopaminergic system
in manganese (Mn)-exposed rats. This study also aimed to
investigate the protective effects of the nutrient metal mixture
(calcium, zinc, and iron) against Mn-induced neurotoxicity. Male
pups were exposed to Mn (6 mg/Kg body weight) through
intraperitoneal injection and the nutrient metal mixture as 0.02%
by a single gavage together with Mn separately given from PND
15 to PND 28. The results showed that Mn exposure decreased
the dopamine levels, aconitase and monoamine oxidase enzyme
activities in the cortex and cerebellum of the PND 29, PND 60,
and 3 months age groups of rats. Mn treatment downregulated
the expression levels of aconitase, caspase-3, and caspase-9
in the cortex and cerebellum of the PND 60 and 3 months age
groups of rats. In silico molecular docking results reveal that
Mn showed stable binding capacity with aconitase compared
with iron binding capacity. Histopathological observations
showed marked neuronal degeneration and congestion of
blood capillaries in the cerebellum, whereas the cortex exhibited
focal area of vacuolation with marked hemorrhagic lesion and
edema following exposure to Mn. Supplementation of nutrient
metal mixture attenuated the Mn-induced impairments in
apoptotic markers and mitochondrial enzymes with subsequent
restoration of dopamine levels. In conclusion, our findings
indicate that decreased activity of aconitase may disrupt
the apoptotic pathway, which can lead to exacerbation of
oxidative stress and contribute to neurotoxicity, suggesting the
nutrient metal mixture may potentially be beneficial in treating
Mn-induced neurotoxicity.
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P107
Behavioral, Molecular, and Histological Responses
of Nanoparticle Formulation and Naked Vincristine
in Mice
C.T. Bluette1, A.M. Shoieb2, Q. Peng3, B. Manickam2, W. Huang3,
E. Shin4, W. Zhang4, Y-H. Song4, C-N. Liu2
Pfizer Inc., Cambridge, MA, USA, 2Pfizer Inc., Groton, CT, USA, 3Pfizer
Inc., San Diego, CA, USA, 4Pfizer Inc., Pearl River, NY, USA

1

The application of chemotherapeutic agent vincristine (VCR) is
limited by chemotherapy-induced peripheral neuropathy (CiPN).
A new formulation of VCR has been proposed and developed
based on encapsulation of this drug in nanoparticles. We
hypothesized that the nanoparticle drug might be less neurotoxic
by differentiating absorption and distribution to the peripheral
nerve compared with the unencapsulated drug. In this study, we
assessed whether VCR encapsulation in nanoparticle alleviates
CiPN using behavioral gait analysis (CatWalk), histological, and
molecular biological (RT-qPCR) approaches. Adult C57BL/6
mice were assigned to 3 groups (empty nanoparticle, nano-VCR,
free-VCR; each n=8). After 16 days of dosing, the animals were
euthanized for blood and sciatic nerve sample collection. It was
shown that intraperitoneal injection of nano-VCR (0.15 mg/kg,
QD) and the empty nanoparticle did not result in the decrease
in run speed and increase in step cycle and stance observed
following injection of free-VCR (P < 0.05). Histology of the sciatic
nerve samples failed to show a difference in incidence or severity
of axonal degeneration between the nano-VCR-dosed and
free-VCR-dosed animals. Likewise, a nervous tissue–enriched
microRNA miR-183 in the blood did not show significant
difference between the nano- and free-VCR groups (P > 0.05).
Empty nanoparticle administration did not cause behavioral,
microRNA, or structural changes. In conclusion, this study
suggests that the nano-VCR may alleviate behavioral changes
of CiPN but did not improve the structural changes of CiPN in
the peripheral nerve. Nanoparticle properties, including drug
load, release rate, or other factors, may be optimized to improve
biological observations.

P108
Translatability of Nonhuman Primate Cytokine
Data to In-Life Parameters in Nonclinical Toxicology
Studies
C. Do1, V. Bunker1, J. Forget1, T. Rogers1
Altasciences Preclinical Seattle LLC, Everett, WA, USA

1

Cytokines are important immunoregulatory proteins that
have gained focus in safety assessment. Interpreting cytokine
data comes with challenges due to the variable nature of their
stimuli and responses. Contributing factors to the variability in
cytokine expression include species-specific reactions, individual
variations, dose-response relationships, and unanticipated
immunotoxicity. Therefore, evaluating cytokine measurements
in conjunction with additional parameters such as clinical
observations, and clinical pathology data, can be used to provide
more definitive assessments in nonclinical safety studies. In
several case studies, cytokines were evaluated for a presence of a
dose-response relationship. Multiplex platforms such as Luminex
or MSD were used in determining cytokine levels in nonhuman
primates. In multiple studies, increases in IL-6, a proinflammatory
cytokine, and MCP-1, a monocyte chemoattractant, were
consistently correlated with a rash, diarrhea, lethargy, or hunched
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the normally transcriptionally silenced germline, the C. elegans
strain NL2507 is utilized, with a GFP transgene expressed in
somatic cells, but it is epigenetically silenced in the germ line via
accumulation of histone repressive marks. Generations F1 and
F3 ancestrally exposed to MCLR concentrations below World
Health Organization guidelines for maximum MCs in drinking
water increased germ line desilencing and germ line apoptosis.
Studies in F3 suggest this may be due to impaired chromosomal
organization during diakinesis, the stage at which oocytes
mature before fertilization. These preliminary results suggest
MCLR exposure poses multi- and transgenerational reproductive
health risks.
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posture. More specifically, increases in both analytes ranged from
undetectable (at predose) to over 20,000 pg/mL (after dosing). In
other instances, elevated IL-2 (>2,000 pg/mL) or IL-12 (>350 pg/
mL) correlated with bruising, injury, or abnormal feces, which
were not necessarily considered test article related. In cases of
test article–related effects, animals becoming moribund also
had elevated TNF-α and IL-6 (>20,000 pg/mL for both). Therefore,
when interpreting cytokine variations for assessment of potential
toxicity, other measurements such as clinical observations, and
clinical pathology parameters should also be considered in
addition to the test article–related effects.

P109
Toxicity Profile of MV8, a Lipid-Based Vehicle Used
in Nonclinical Safety Studies
C.L. Neilan1, X. Linghu1, A. Phimister2, M.P. Dillon1

IDEAYA Biosciences, South San Francisco, CA, USA, 2SeaviewPharma,
Kensington, CA, USA

1
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Selection of an appropriate vehicle to utilize in nonclinical
safety studies of poorly water-soluble compounds can be
challenging due to lack of detailed toxicity data for various
excipients. Here we report the identification and toxicity profile
of a microemulsion formulation ‘MV8’ (Cremophor RH40, Labrafil
M2125, Propylene glycol, Transcutol; 10:3:3:4), which was used to
maximize the oral absorption of two lead candidates, Compound
1 and Compound 2. In 7-day repeat-dose toxicity studies of MV8
alone or Compound 1 in MV8, dosing volumes of 3 mL/kg and 2
mL/kg were well tolerated when administered once daily to rats
and dogs, respectively. In 7-day toxicity studies of Compound
2 formulated in MV8, the dosing volume was increased in both
species in order to maximize both the compound dose and
exposure in animals. When administered at a dose volume
of 5 mL/kg, MV8 did not cause any toxicity in the rat. However,
MV8 administered once daily at 3mL/kg in the dog produced
neutrophilic inflammation in the submucosal GALT of the
small and large intestine. Neutrophilic or mixed inflammation
unassociated with GALT inflammation was also observed in the
mucosa and/or submucosa of the large intestines. This data
provides evidence that MV8 vehicle can be successfully utilized
in nonclinical studies of shorter duration in the rat up to 5mL/kg,
but dosing volumes should not exceed 2 mL/kg in the dog due
to its toxicity and therefore potential to confound interpretation
of test article–related gastrointestinal toxicity findings in this
species.

P110 
Manganese Exposure Induces the Release of
Exosomes Containing Misfolded α-Synuclein
by Impairing Endosomal Trafficking and Protein
Degradation Machinery
D.D. Rokad1, D. Harischandra1, D. Luo1, S. Sarkar1, V.J. Lawana1,
D. Kim1, H. Jin1, V. Anantharam1, An. Kanthasamy1,
Ar. Kanthasamy1
Iowa State University, Ames, IA, USA

1

Environmental exposure to excessive manganese (Mn) increases
risk of chronic neurological diseases, including Parkinson’s disease
(PD). Aggregated α-synuclein (αSyn) is a pathophysiological
characteristic of PD. αSyn can be released from neurons by
exosomes, facilitating the spread of misfolded proteins, which
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can trigger a neurotoxic response. We recently discovered that
Mn enhances release of misfolded αSyn via exosomes, but the
underlying mechanisms are unclear. To understand the Mninduced exosomal αSyn release, we examined how Mn modulates
endosomal trafficking, protein degradation. We exposed MN9D
neuronal cells stably expressing human wild-type (WT) αSyn
(MN9D-αSyn) to Mn (300 μM) for 24h. Mn significantly suppressed
the expression of endosomal recycling protein Rab11a, both
at protein and mRNA levels, suggesting Mn downregulates
endosomal recycling mechanisms, thus forcing late endosomes
to mature into multivesicular bodies. Ectopic expression of WT
Rab11a significantly mitigated exosome release in untreated and
Mn-exposed MN9D-αSyn cells, whereas ectopic expression of
mutant Rab11a (S25N) increased exosome release. Intriguingly,
our analyses also revealed that Mn exposure upregulated
mRNA and protein levels of Rab27a, an endosomal protein that
mediates exosome release, suggesting Rab27a upregulation
contributes to Mn-induced exosome release. Our analysis of
MN9D-αSyn cells shows Mn upregulated the expression of the
autophagosomal markers LC3-II and Beclin-1, but downregulated
the lysosomal marker LAMP2, suggesting an impairment of
autophagolysosome formation following Mn exposure. Results
from other lysosome assays, LysoTracker staining, Cathepsin D
activity assay, confirmed Mn-induced lysosomal dysfunction.
Together, these novel findings demonstrate Mn compromises
endosomal trafficking, leading to autophagic/lysosomal
impairment, thereby promoting exosomal release of misfolded
αSyn.

P111
USP Admissions Evaluation of Coptis Species
Rhizome and Indian Barberry Stem: Cautionary
Labeling for Drug Interactions
E. Madden1, H. Oketch-Rabah1, B. Gurley2, A. Roe2, T. Low Dog2
United States Pharmacopeia, Rockville, MD, USA, 22015–2020 USP
DSAE JS3, United States Pharmacopeia, Rockville, MD, USA

1

Coptis Species Rhizome (CSR) and Indian Barberry Stem (Berberis
aristata; IBS) are ingredients in some dietary supplements (DS)
in the US. Prior to developing DS quality monographs, the
US Pharmacopeia (USP) performs an Admission Evaluation (AE)
that includes an assessment based on available information
that an ingredient does not present a serious health risk. There
is evidence that berberine, an isoquinoline alkaloid present in
CSR and IBS, can interact with conventional medications. To
assess their interaction potential, we evaluated available clinical,
animal, metabolic, and pharmacokinetic data for CSR and IBS. No
information on drug interactions was identified for CSR and IBS.
In addition, no interactions were apparent in diabetic patients
given IBS as an add-on therapy to hypoglycemic and lipidlowering drugs; however, drug metabolism was not assessed.
In the absence of interaction data, berberine and goldenseal
(Hydrastis canadensis; another berberine containing plant)
were evaluated. Available clinical data show that berberine and
goldenseal can significantly inhibit CYP3A4 and CYP2D6 activity
and affect drug clearance. Based on findings for berberine and
goldenseal, the USP DSAE Joint Standards-Setting Subcommittee
(JS3) determined that a potential for drug interactions with CSR
and IBS exists. Thus, in the interest of protecting public health, the
USP DSAE JS3 directed that a cautionary labeling statement be
included in USP monographs for CSR and IBS as follows: Dosage
forms prepared with this article should bear the following
American College of Toxicology 40th Annual Meeting 2019
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P112
In Vitro Whole Blood Clotting Evaluation of
Hemostasis Altering Compounds in Rat and Human
Using the TEG 5000 Thrombelastograph System
A. Pinçon1, J.E. McCartney1, F.M. Poitout-Belissent1
Charles River Laboratories Montreal ULC, Senneville, QC, Canada

1

Thromboelastography (TEG) is a global assay evaluating whole
blood clotting for the detection of thrombotic or hemorrhagic
events. It is sensitive to coagulation and fibrinolytic factors
concentrations, altered platelet counts and function. The purpose
of this study was to evaluate the potential use of TEG for in vitro
testing of hemostasis altering compounds. Citrated human and
rat whole blood were spiked with heparin, tissue plasminogen
activator (tpA), or platelet GIIbIIa inhibitor. Samples were
analyzed by TEG after addition of CaCl2 with or without Kaolin
activator. On the TEG 5000 System, the spiked blood is placed
in an oscillating cup, as whole blood begins to clot its viscosity
increases, a moving pin placed in the cup provides an overview
of coagulation processes. The different TEG parameters reflect
the reaction time, clot kinetics and strength, and fibrinolysis.
With similar CaCl2 treatment, rat samples were hypercoagulable
compared with human samples, and kaolin-induced activation
was not necessary for rat samples. Heparin-spiked human and rat
samples showed increased reaction time, decreased clot kinetics,
and decreased clot strength compared with control samples,
consistent with decreased coagulability. tpA-spiked human
samples showed decreased clot kinetics and strength consistent
with increased fibrinolysis. Platetet GIIbIIa inhibitor–spiked
human samples showed increased reaction time and decreased
clot kinetics consistent with decreased platelet function. In vitro
TEG testing is valuable to help characterize clotting and clot lysis
changes in human and rat citrated whole blood samples and to
provide information about the potential effect of drug candidates.

P113
Toxicological Effects of Neonicotinoid Pesticide on
Developmental Stages of Drosophila melanogaster
(Fruit Fly) F1–F3 Generations
F. Doherty1, I.H. Obe1, O. Alafia2, A. Muoghara1
Yaba College of Technology, Lagos, Nigeria, 2Lagos State University,
Lagos, Nigeria
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Fruit flies (Drosophila melanogaster) have been employed as
classical model for malformation investigations due to their short
reproduction cycles and high fecundity. The aim of the study
was to evaluate the effects of neonicotinoid pesticide on three
generations of Drosophila melanogaster. Drosophila melanogaster
obtained from the wild were crossed and cultured in media
containing different concentrations of imidacloprid insecticide
(Control, 0.1%, 1%, 2%, 5%, and 10%). The flies were cultured for
three filial generations (F1–F3). The effect on the developmental
stages of the flies was assessed by recording the number of eggs,
larva, pupa, and adult and larva-pupa emergence period. The
conversion rate of egg-larva and larva-pupa was analyzed and
the chromosomes preparations were made using the salivary
glands of the third instar larvae and incidence of inversions
American College of Toxicology 40th Annual Meeting 2019

counted and recorded for the 2L, 2R, 3L, and 3R chromosome
arms. The emergence time increased, number of progenies
decreased, and number of eggs observed reduced with increasing
concentrations. The 10% F3 generation produced the most
severe effects on fecundity and viability. Chromosome analysis
indicated an increase in the number of inversions with higher
concentrations. These effects are possibly caused by hormonal
disturbances, interference with vitellogenin synthesis, and an
egg-laying nonpreference for treated medium. All these effects
have the potential of being passed from generation to generation,
as observed from the genotoxic effects on the chromosomes.
Neonicotinoid pesticides have been proven to possess negative
effects on the fecundity and viability of Drosophila melanogaster
over three generations.

P114
Altered Mental Status with Increased Osmolar Gap
H.R. Ahmad1, E. Chang1, C. Odinkemere1, C. Anyanwoke1,
A. Chima1, P. Tanksley1, I. Alinnor1, M. Crawford1
Morehouse School of Medicine, Atlanta, GA, USA

1

Isopropyl alcohol is found in common household items and can be
easily abused. We present a case of a patient with altered mental
status secondary to isopropyl alcohol ingestion. Case: A 66-yearold male with a history of polysubstance abuse presented with
altered mental status. On presentation, his vitals were within
normal limits. The patient was somnolent, but arousable, and
had no focal neurological deficits. Chemistry, hematology labs,
urine drug screen, ethanol, and venous pH were all within normal
limits. Further work up for altered mental status, including CT
head, thyroid function panel, and vitamin B12 levels, were also
unremarkable. Given the patient’s history of polysubstance
abuse, an expanded drug screen (including volatile compounds)
was pursued, which revealed elevated isopropanol (33) and
acetone (230) levels. Also, the patient’s total osmolality was found
to be 355 (osmolar gap of 77). These findings led to a diagnosis
of isopropyl alcohol intoxication. Toxicology was consulted
and recommended supportive management. The patient was
managed with IV fluids and vitamin supplementation with
improvement in mentation, after which the patient admitted
to drinking rubbing alcohol. The patient was provided with
education regarding the dangers of rubbing alcohol abuse and
was discharged to home back at baseline. This case shows how
an increased osmolar gap in the setting of otherwise normal lab
findings and thorough history-taking can assist in determining
the cause of a patient’s altered mental status. Isopropyl alcohol
ingestion should be suspected in those with an increased
osmolar gap but normal anion gap.
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statement: “Coptis Species Rhizome or Indian Barberry Stem
contain berberine which may interact with medications. Consult
your healthcare provider before using.”
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Toxicity of 1,4-Dinitrobenzene on TM4 Sertoli Cells;
Its Influence on Mitochondria, Cell Monolayers,
Androgen Binding Hormone, and Stem Cell Factor
Genes
J.O. Olugbodi1, T. Monsees2, M.T. Olaleye3, A.C. Akinmoladun3

Bingham University, Karu, Nasarawa, Nigeria, 2University of the
Western Cape, Bellville, Western Cape, South Africa, 3Federal University
of Technology, Akure, Ondo, Nigeria

1

1,4-Dinitrobenzene (1,4-DNB), an industrial and environmental
toxicant, has been shown to affect the testes, but the mechanism
of action remains unclear. Sertoli cell plays a key role in
spermatogenesis; however, the toxic effects of 1,4-DNB on Sertoli
cells have not been studied. The hypothesis of this study is to
unravel the mechanism of action of 1,4-DNB induced TM4 Sertoli
cells toxicity. TM4 cell line, derived from mouse Sertoli cells, were
obtained from American Type Cell Culture (ATCC), USA, and were
exposed to 1,4-DNB (10, 30, 50, and 100 µg/ml) for 4 and 24 h, and
its activities on cell viability, activity of γ-GT enzyme, apoptosis,
ROS, and mitochondrial membrane were assessed. The present
study showed that exposure of TM4 Sertoli cells to 1,4-DNB
decreased the activity of γ-GT enzyme, inhibited cell viability,
promoted apoptosis, mitochondrial membrane potential
impairment, and reactive oxygen species production. Findings
from this study showed that exposure to 1,4-DNB destroyed
tight junctional structure in Sertoli cell monolayers as evidenced
by a decline in TEER value. The results from mRNA expression
levels indicated that 1,4-DNB caused upregulation of androgen
binding hormone and stem cell factor genes. In conclusion,
1,4-DNB has great potential to increase oxidative stress, inhibit
spermatogenesis, and expose Sertoli cells to external insults,
thereby compromising the blood-testis barrier and contributing
to male-mediated reproductive toxicity.

P116
Ziram, a Pesticide Associated with Parkinson’s
Disease, Increases Excitability and Synaptic Vesicle
Release in Aminergic and Glutamatergic Neurons
J. Harrigan1, D. Brambila1, D.E. Krantz1, F.E. Schweizer1
University of California, Los Angeles, Los Angeles, CA, USA
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Exposure to environmental toxins, including the dithiocarbamate
fungicide ziram, is linked to an increased risk of Parkinson’s
disease (PD). We hypothesize that molecular targets of ziram
could serve as novel entry points into disease-associated
pathways. Using calcium indicators, we previously observed
that ziram increases excitability in aminergic processes at the
Drosophila neuromuscular junction (NMJ). We now extend these
findings to show that ziram also increases calcium signals at the
level of abdominal ganglion aminergic cell bodies. However, the
cells do not exhibit the ziram-triggered calcium response when
the processes are severed, indicating that ziram targets distal
portions of aminergic processes. Using electrophysiological
measurements, we find that ziram affects glutamatergic neurons
through two distinct mechanisms. First, it increases vesicle release
probability at the NMJ, and second, it increases excitability of
glutamatergic and aminergic cells. It was previously reported
that disruption of protein ubiquitination increases vesicle release
in mammalian neurons. Since ziram inhibits the first step of
this pathway, we tested ubiquitination inhibitors at the NMJ.
Pharmacological disruption of this pathway phenocopied ziram

and increased vesicle release probability, indicating that ziram
may act through this pathway. Interestingly, these compounds
did not change excitability. To investigate ziram’s excitability
targets, we used channel mutants to show that the ether-a-gogo potassium channel phenocopies ziram-induced excitability
but does not exhibit increased release probability. Ziram thus
increases both vesicle release and excitability via separate
molecular mechanisms in multiple cell types. We are currently
investigating how either pathway might contribute to idiopathic
PD.

P117
Repeated Ultrasound-Guided Liver Biopsies in
Nonhuman Primates
S. Mason1, J. Forget1, D. Benedict1, C. Cruzen1, B. Megrath1,
A. Celori1, K. Watson1
Altasciences Preclinical Seattle LLC, Everett, WA, USA
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Despite several improvements in serology, the need to collect
a sample directly from an organ remains a valuable option in
nonclinical research. The liver biopsy is an invasive procedure
with potential risk for complications. Nonetheless, the procedure
has been refined to become a rapid, precise, and safe collection
in nonhuman primates (NHPs), with a relatively short recovery
period. In order to mitigate the risk associated with liver biopsies,
a 2D ultrasound was used to identify major structures in and
around the liver, to allow for the safe insertion of the biopsy
needle (14 or 16G), and to monitor any potential bleeding postretraction of the needle. Ultrasound-guided nonterminal single
liver collections have been successfully performed on 150 NHPs.
Repeated nonterminal liver collections were performed on 541
NHPs with 2 or 3 biopsies (4 to 7 days apart) and on 237 NHPs
with 6 to 9 monthly collections. Minor complications such as
prolonged recovery from sedation, second incision needed,
or difficulty penetrating the hepatic capsule were noted for a
handful of animals without affecting the health of the animals.
A monthly frequency has been shown to be successful for longterm studies requiring up to 9 liver biopsies per animal and no
less than 4 to 7 days between occasions for up to 3 biopsies per
animal. Based on these observations, ultrasound-guided liver
biopsies have been proven to be minimally invasive, safe, and
well tolerated in NHPs for nonterminal repeated collections.

P118
Development of an IL-31-Induced Pruritus Model in
Cynomolgus Monkeys
J. Forget1
1

Altasciences Preclinical Seattle LLC, Everett, WA, USA

Itching and scratching has evolved as an important protection
mechanism against various threats to the skin. Pruritus is a severe
itching condition most commonly associated with skin disorders
such as atopic dermatitis (AD) or psoriasis. Recent clinical trials
have demonstrated significant improvement of pruritus in
patients with AD after administration of an anti-IL-31 receptor
antibody. In order to evaluate the efficacy of therapies intended
to treat pruritic skin diseases, an Interleukin-31 (IL-31) pruritus
cynomolgus monkey model has been established. Cynomolgus
monkeys were administered subcutaneous (SC), intradermal (ID),
or intravenous (IV) injection(s) of cIL-31, ranging from 0.3 to 24
µg/kg. Pharmacological activity was monitored based on the
American College of Toxicology 40th Annual Meeting 2019

100 Series—General Toxicology

P119 
The Possible Neuroprotective Role of
Resveratrol Supplementation on Arsenic
Trioxide–Induced Neurotoxicity in Female Mice
Hippocampus
K. Mehta1, B. Kaur1, K.K. Pandey1, P. Dhar1
All India Institute of Medical Sciences, New Delhi, Delhi, India

1

Exposure to arsenic through consumption of contaminated
drinking water is associated with affliction of various organ
systems. The reports of cognitive deficits following exposure
to iAs are suggestive of targeted influence of arsenic on the
CNS. Hence, the need of the hour is to identify safe therapeutic
approaches for amelioration of arsenic-induced toxicity. The
present study focused on the role of Resveratrol in amelioration
of arsenic trioxide (As2O3)–induced alterations on cognition,
oxidative stress, and estrogen signaling in female mice
hippocampus. Adult female mice were exposed to As2O3 (2 and
4 mg/kg bw) alone, Resveratrol (40 mg/kg bw) alone, or both
by oral route for 45 days. From Day 33 to 46 of the experimental
period, behavioral tests (OFT, EPM, and MWM) were carried
out. On Day 46, the animals were sacrificed either by perfusion
fixation or by euthanasia, and the brain tissues thus obtained
were processed for immunohistochemistry and molecular study,
respectively. Behavioral tests revealed enhanced anxiety levels
and impairment of cognitive functions in As2O3 alone exposed
groups. Oxidative stress markers (GSH and NO) in hippocampal
tissue of As2O3 (2 mg/kg bw) alone exposed animals were
significantly altered, suggesting As2O3-induced oxidative stress.
As2O3 alone exposed animals also showed apparent reduction
in estradiol levels and estrogen receptor beta expression in the
hippocampus. On the contrary, all these parameters were found
to be restored in Resveratrol-supplemented animals. These
observations add a new perspective to the neuroprotective
role of Resveratrol on cognition, oxidative stress, and estrogen
signaling in the hippocampus of mice following As2O3 exposure.
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P120 
Generation and Use of Glutathione
S-transferase (GST) Humanized Mice to
Predict Toxicity of GST Substrates in Humans
K.A. Behrens1, A. Sherry1, R. Dye1, J.P. Parker1, L.A. Jania1,
J.N. Snouwaert1, Z. Xiang1, M.S. Nguyen1, B.H. Koller1

University of North Carolina at Chapel Hill, Chapel Hill, NC, USA

1

Exposure to toxic electrophiles, which can occur through
metabolic intermediates or environmental exposures, results
in damage to endogenous nucleophiles such as DNA, proteins,
and lipids. Protection against this toxicity occurs through the
conjugation of these electrophiles to glutathione, which is
mediated by the glutathione S-transferase (GST) enzymes. To
date, experimental animal models have been used to further
our mechanistic understanding of GSTs, but interpreting these
results for a human population is complicated by interspecies
differences in the number and structure of these genes. To address
this problem, we generated a panel of mice in which mouse GST
genes were deleted and populated with their syntenic GST Pi,
GST Mu, and GST Theta human loci and thus express the human
GST isoforms. These GST families were selected for humanization
because they harbor common polymorphisms in the human
population that are associated with altered disease risk and
response to treatment regimes. We used the model substrate
benzo[a]pyrene (B[a]P) because of its well-documented toxicity
and the role of GSTs in inactivating its toxic phase I metabolites.
We demonstrated a critical role for GSTs in B[a]P metabolism and
protection against organ damage and assigned this protection
to specific human and mouse GST gene families. The humanized
mice are therefore a useful model for testing the toxicity of
compounds that are detoxified by GSTs for phase II metabolism.
Furthermore, these humanized mice can be used for future
individualized risk assessments in people carrying common
disease-associated GST polymorphisms, such as the null GSTT1
and GSTM1 alleles.

P121 
Rutin Attenuates Manganese-Induced
Hippocampal and Striatal Toxicity via
Inhibition of Iron Depletion, Oxidative Stress,
Inflammation, and Suppressing the NF-κB Signaling
Pathway
K.W. Nkpaa1, G.I. Onyeso2, K.Z. Kponee3

University of Port Harcourt, Port Harcourt, Rivers, Nigeria, 2Rivers State
University, Port Harcourt, Rivers, Nigeria, 3Harvard T.H. Chan School of
Public Health, Boston, MA, USA
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Excess exposure to manganese (Mn) promotes oxidative stress
and neuroinflammation. Rutin (RUT) has been found to exhibit
both anti-oxidative stress and anti-inflammatory properties.
This study aimed to investigate the effects of RUT on Mn
accumulation, endogenous iron (Fe) depletion, oxidative stress,
inflammation, and nuclear factor kappa B (NF-κB) signaling
pathways in the hippocampus and striatum of Mn-induced
rats. Rats were treated with 30 mg/kg Mn body weight alone
or orally co-treated by gavage with RUT at 50 and at 100 mg/kg
body weight for 35 consecutive days. Thereafter, we investigated
Mn and endogenous Fe levels, acetylcholinesterase activity,
oxidative stress markers, proinflammatory cytokines, and NF-κB
in the hippocampus and striatum of rats. The results indicate
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number of scratching and self-grooming events over a 24-hour
period. Intradermal injections of cIL-31 in cynomolgus monkeys
at doses of 6, 12, 19.5, and 24 µg/kg resulted in a consistent and
robust systemic pharmacological response, as evidenced by a 3to 6-fold increase from baseline. The pharmacological response
was more pronounced between 0.5 and 1.5 hours post-dose and
appeared to restore nearly to baseline levels by 24 hours postdose. The IV route elicited a comparable scratching response to
the highest ID levels tested but with smaller dose levels (0.25
to 10 µg/kg); SC provided the least useful data. Based on these
observations, ID or IV injections of cIL-31 in cynomolgus monkey
resulted in a consistent and robust model for future research and
development of treatment strategies for atopic dermatitis and
other pruritic skin diseases.
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that Mn induced Mn accumulation, Fe depletion, oxidative stress,
inflammation, and the activation of acetylcholinesterase activity
and NF-κB signaling pathways in the hippocampus and striatum
of the rats. However, RUT attenuated Fe depletion, oxidative
stress, and inflammation and suppressed acetylcholinesterase
activity and NF-κB pathway via downstream regulations of tumor
necrosis factor alpha, interleukin I beta, and interleukin 6. Taken
together, our present study demonstrates that RUT abrogates
Mn-induced striatal and hippocampal toxicity via inhibition of Fe
depletion, oxidative stress, neuroinflammation, and suppressing
the NF-κB signaling pathways. Our results indicate that RUT
may be of use as a neuroprotective agent against Mn-induced
neuronal toxicity.

P122 
MicroRNA as Regulators of 1,3-ButadieneInduced Strain- and Tissue-Specific Effects
in Mice
L. Lewis1, G. Chappell1, J. Blazier1, K. Konganti1, J. Israel2,
J. Simon2, K. Eklund2, T.S. Furrey2, I. Rusyn1

Texas A&M University, College Station, TX, USA, 2University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA
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1,3-butadiene is a known human carcinogen that is both an
occupational and an environmental health hazard. Genotoxicity
is an established mechanism of 1,3-butadiene carcinogenicity;
however, it does not explain the tissue-specific tumor
development observed in mice. Our previous work demonstrated
strain- and tissue-specific alterations in epigenetic effects in
response to 1,3-butadiene exposure, which may contribute to
tissue-specific toxicity. MicroRNA (miRNA) represent another
epigenetic mechanism for regulating gene expression posttranscriptionally and have been implicated in carcinogenesis.
In this study we tested the hypothesis that miRNA regulate
strain- and tissue-dependent transcriptional and epigenetic
responses to 1,3-butadiene exposure in CAST/EiJ and C57BL/6J
mice. These mice were exposed to 0 or 625 ppm 1,3-butadiene
(6 hr/day, 5 days/week) for 2 weeks. We evaluated changes in
mRNA and miRNA expression by sequencing the lung, liver, and
kidney tissues. We observed strain- and tissue-specific mRNA and
miRNA expression profiles in response to 1,3-butadiene exposure.
The miRhub algorithm was used to predict miRNA that are
master regulators of 1,3-butadiene-induced mRNA expression.
We identified 9 miRNA as significant candidates across tissues
and strains. In the lung of 1,3-butadiene-exposed C57BL/6J
mice, mir-142-5p was significantly decreased and predicted to
target significantly upregulated genes involved in chromatin
remodeling such as KDM1B, a lysine demethylase for H3K4, a
marker of transcription. In addition, mir-142-5p was predicted
to target genes involved in DNA damage repair such as CtIP. The
results of this study indicate that miRNA may mediate strainand tissue-dependent variability of 1,3-butadiene-induced
epigenetic effects and potentially greater tissue susceptibility to
carcinogenesis.

P123 
The Placenta: A Mediator of Thryoid
Hormone Disruption Following Gestational
Exposure to Flame Retardants?
M.T. Ruis1, H.M. Stapleton1
Duke University, Durham, NC, USA
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The placenta is an ephemeral organ composed of both maternally
and fetally derived tissues separated by a semipermeable
membrane that facilitates the exchange of nutrients, gases,
hormones, and waste between the mother and fetus.
Numerous studies have shown that this barrier is permeable to
environmental pollutants such as flame retardants (FRs), which
are ubiquitously detected in human serum, breast milk, and cord
blood. FRs have also been shown to disrupt thyroid hormone
homeostasis. In this study, Wistar rats were orally exposed to a
mixture of FRs for 10 days during gestation. Thyroid hormone
levels in dam serum, fetuses, and their paired placenta were
quantified. The placental tissue was microdissected to separate
fetal from maternal placental tissue to better understand the
how thyroid hormone levels differ within specific placental
tissues. We observed a significant dose effect of FRs on T3 levels
in dam serum. Our data suggested reduced T3 levels in the
maternal portion of the placenta while increased T3 levels in
fetuses, signifying that the placenta may be a mediator of thyroid
hormone disruption during pregnancy. Our data indicated sexspecific differences in T3 levels in the maternal portion of the
placenta. Additionally, we observed a significant difference of T3
in the maternal portion of the placenta based on gestational age
of the fetus. These data suggest it is critical for future studies to
consider the sex, placental tissue type, and gestational age of the
fetus when drawing conclusions on the impact of a xenobiotic on
thyroid hormone homeostasis.

P124
Changes in the Renal Function Biomarker,
Symmetric Dimethylarginine (SDMA), following
Gentamicin-Induced Proximal Tubular Injury in
the Rat
D.M. Hamlin1, A.E. Schultze1, D.J. McCrann III2, R. Mack2,
C. Drake2, R.E. Murphy2, J.A. Cross2, M. Strong-Townsend2,
M.J. Coyne2

Eli Lilly and Company, Indianapolis, IN, USA, 2IDEXX Laboratories, Inc.,
Westbrook, ME, USA
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Techniques for measuring renal function in rodent renal disease
models include direct measurement of glomerular filtration
rate (GFR) or indirect methods such as evaluating serum
creatinine (sCr), BUN, or the presence of proteinuria. Symmetric
dimethylarginine (SDMA) is a dimethylated derivative of arginine
which is eliminated primarily by renal clearance and shown to
be an accurate and precise biomarker for determining estimated
GFR. The purpose of the study was to evaluate SDMA in rats
following gentamicin-induced renal tubular injury. Eighty male
Sprague Dawley CD® IGS rats were assigned to one of four
dosage groups (0mg, 20mg, 50mg, and 100mg/kg gentamicin
sulfate). Rats were dosed for four or 10 days and creatinine
clearance was used to determine eGFR for each rat at the end of
the dosing period. Kidney histopathology, and concentrations of
sCr, serum SDMA and cystatin C, along with the urine biomarkers,
µAlbumin, clusterin, cystatin C, KIM1, NGAL, and osteopontin
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Changes in Renal Function Biomarkers, Including
Symmetric Dimethylarginine (SDMA), following the
Induction of Passive Heymann Nephritis (PHN) in
the Rat
D.M. Hamlin1, A.E. Schultze1, D.J. McCrann III2, R. Mack2,
C. Drake2, R.E. Murphy2, J.A. Cross2, M. Strong-Townsend2,
M.J. Coyne2, K. Riley2

Eli Lilly and Company, Indianapolis, IN, USA, 2IDEXX Laboratories, Inc.,
Westbrook, ME, USA
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Symmetric dimethylarginine (SDMA) is a dimethylated derivative
of arginine which is eliminated by renal clearance and shown to
be an accurate and precise biomarker for determining estimated
glomerular filtration rate (eGFR). The purpose of this study was to
evaluate SDMA in rats following induction of passive Heymann
nephritis (PHN). Ninety-six male Sprague Dawley CD IGS rats
were used and assigned to one of two groups (control and
treatment). PHN was induced using commercial sheep anti-Fx1A
serum; 0.9% sodium chloride for injection was used as vehicle
control. Rats were dosed once at 7.5 mL/kg intravenously, and
12 rats were sacrificed on Day 9, 16, 21, and 28 after treatment.
Creatinine clearance was used to determine eGFR for each rat
one day prior to sample day. Kidney histopathologic examination,
and concentrations of serum creatinine (sCr), SDMA, and cystatin
C, along with the urine biomarkers, µAlbumin, clusterin, cystatin
C, KIM1, NGAL, and osteopontin, were measured. There were no
significant changes in creatinine clearance, SDMA, sCr, or cystatin
C concentrations between the two groups for the duration of
the study. Time progressive increases in uALB and clusterin
concentrations, and increases in urinary cystatin C, NGAL, and
KIM1 concentrations that were not progressive over time, were
observed. No changes in urine osteopontin concentrations
occurred at any time. The lack of change in SDMA, sCr, and serum
cystatin C levels indicates that minimal loss of kidney function
occurred in this model over the dose and time period chosen for
the study.
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Neuromuscular and Cardiac Deficits in Acid
a-Glucosidase (GAA) Deficient Mouse Model of
Pompe Disease
M. Eggers1, M. Harter2, D. Gauvin2, R. Pussinen3, J. Brassard4,
J.J. Cunningham1

Audentes Therapeutics, San Francisco, CA, USA, 2Charles River
Laboratories, Mattawan, MI, USA, 3Charles River Laboratories, Kuopio,
Finland, 4Jacqueline Brassard Toxicologic Pathology Consulting, Tustin,
CA, USA
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Pompe disease is a genetic neuromuscular disorder caused by
the loss of acid alpha-glucosidase (GAA), an enzyme critical for
glycogen metabolism. This results in glycogen accumulation
predominantly in skeletal and cardiac muscle. Mice deficient
for GAA are currently used as a model for Pompe disease. While
the histopathology in GAA-/- mice closely mimics the human
disease, the neuromuscular and cardiac functional deficits are
poorly characterized. The neuromuscular behavior was evaluated
by accelerating rotarod and inverted screen test together with
cardiac function by implanted telemetry ECG in male and female
GAA-/- mice at 3 months of age and followed for 3 months.
During rotarod evaluation, animals were placed on a rotating rod
set to accelerate from 0–40 rpm over 3 minutes. For grip response,
animals were placed on an 8 x 12 centimeter inverted wire screen
and time to fall was measured. At baseline, GAA-/- mice showed
an ~15% deficit in fall time compared with wild-type littermate
controls for both the rotarod and inverted screen test. Six weeks
later mice showed similar differences compared with controls.
Quantitative and qualitative ECG data were assessed at baseline
(3 months) and 12 weeks later (6 months). Functional deficits
(rotarod, grip response, and ECG) correlated with histopathologic
data that showed glycogen accumulation in the skeletal and
cardiac muscles of these mice, despite high interanimal variance.
These data show that studies must be powered to see differences.
These data show that GAA-/- mice exhibit both biochemical and
functional deficits similar to human Pompe disease.

P127
An Acute Intravitreal Toxicity and Toxicokinetic
Study of Nanolipoprotein Conjugated Fab
(RabFab-NLP) in New Zealand White Rabbits
N.G. Tassew1, S.T. Laing1, K. Loyet1, S. Crowell1, C. Schuetz1,
C. Blanchette1, W. Shatz1
Genentech, Inc., South San Francisco, CA, USA

1

The objective of this study was to evaluate the ocular toxicity and
toxicokinetics of RabFab-NLP administered intravitreally to male
New Zealand White rabbits. RabFab-NLP is a novel conjugate
designed to prolong ocular half-life through an increase in
hydrodynamic radius compared with Fab alone (~12 nm versus
~3 nm). Assessment of toxicity was based on mortality, clinical
signs, body weight, ophthalmic evaluation, and microscopic
assessment of ocular tissues. RabFab-NLP-related vitreous
opacity and lens opacity were observed as early as Day 3 during
slit lamp examination. Microscopic findings were present in the
lens, vitreous cavity, and/or optic nerve head. In the lens, findings
included cortical liquefaction, subcapsular lens epithelium
proliferation, and/or cortical vacuoles in the posterior cortex.
Very slight peripheral fibrillar material and mononuclear cell
infiltrate were present in the vitreous cavity, and mononuclear
cell infiltrate was present in the optic nerve head. Toxicokinetic

Abstracts

were measured. In the four treatment dose groups, there was
a slight, non-significant decrease in creatinine clearance as the
dose of gentamicin increased; but, a significant decrease in
creatinine clearance with the 10-day dosage regimen (P < 0.001).
A significant (p<0.01) negative correlation was found between
creatinine clearance and SCr and SDMA. No correlation was found
between creatinine clearance and serum cystatin. Significant
(p<0.01) positive correlations were found between SDMA and
sCr, urinary clusterin, urinary µALB and kidney pathology scores.
SDMA was found to be a good estimator of changes in GFR in rats
with gentamicin induced tubular injury.
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behavior was consistent with a prolonged ocular half-life of
RabFab-NLP (serum t½ = 5.5 days) compared with RabFab alone
(serum t½ = 3.1 days), and ~1.75-fold prolongation in half-life for
RabFab-NLP compared with RabFab alone is consistent with what
was expected based on the increase in hydrodynamic radius.
However, the observed toxicokinetic data were highly variable
between individual animals before and after the appearance of
anti-drug antibodies (ADA) in all RabFab-NLP-treated animals
and none of the RabFab-treated animals. Based on the ocular
toxicity observed, it was concluded that a single intravitreal
dose of RabFab-NLP administered at 1.3 mg/eye exceeded the
maximum tolerated dose (MTD) in rabbits.

P128 
Impact of Hepatic CYP-Mediated Metabolism
on the Tissue Distribution and Persistence of
Inhaled Naphthalene
N. Kovalchuk1, L. Van Winkle2, X. Ding1

University of Arizona, Tucson, AZ, USA, 2University of California at
Davis, Davis, CA, USA
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The in vivo persistence of lipid-soluble toxicants, such as
naphthalene, can be affected by the body mass and by the rate of
its biotransformation to water-soluble metabolites. Naphthalene
bioactivation by P450 enzymes in the lung is the major
mechanism for naphthalene-induced airway damage. Here, we
aimed to identify factors that modulate the level or duration
of lung exposure to naphthalene, which will likely influence
the extent of lung toxicity. We examined naphthalene levels in
various tissues following the termination of a 4-hour inhalation
exposure to naphthalene at 10 ppm, comparing between wildtype (WT) mice on a regular diet and those on a high-fat diet
to induce obesity, and between WT and liver-Cpr-null (LCN;
deficient in hepatic naphthalene metabolism) mice that were
fed a regular diet. At 1–20 h after termination of naphthalene
inhalation, naphthalene levels were the highest in white adipose
tissues (WAT), compared with liver, lung, and kidney, in all mice.
Tissue levels of naphthalene (ng/g tissue) were not increased
in obese, compared to nonobese, WT mice, though there was a
small increase in the lung at 1 h. However, naphthalene levels
were generally much higher in LCN than WT mice in all organs
tested at various postexposure times (7–17-fold higher at 1
h). These results indicate that for naphthalene, rate of hepatic
metabolism is more important than capacity of tissue storage
in determining persistence of exposure in the lung and suggest
that a combination of low hepatic metabolism and obesity may
further enhance lung toxicity. (Supported in part by NIEHS grant
ES020867.)

P129 
Environmental Concentrations of Triclosan
and Triclocarban: Genotoxic, Embryotoxic,
and Histological Effects in Various Life Stages of the
African Sharptooth Catfish
R.O. Jimoh1, T.O. Sogbanmu1

embryotoxic, and histological effects of environmentally
relevant concentrations (sublethal) of TCS and TCC in the African
Sharptooth Catfish (Clarias gariepinus). The methods utilized
were relative acute toxicity studies in C. gariepinus embryos and
fingerlings; micronucleus assay (genotoxicity studies); acute
toxicity, hatching success, number of heart beats per minute, and
developmental abnormalities in C. gariepinus embryos from 0–72
h post-fertilization (embryotoxicity studies); and gill and liver
histological evaluations. All studies were conducted according to
standard methods. The acute toxicity studies revealed that the 24
h LC50 and 26 h EC50 (nonhatching) values for C. gariepinus embryos
were 16.48 mg/L and 11.07 mg/L respectively for TCS; 46.08 mg/L
and 41.93 mg/L respectively for TCC. The 96 h LC50 of TCS and TCC
against C. gariepinus fingerlings was 16.04 mg/L and 41.56 mg/L
respectively. There was a significant dose-dependent increase
(p<0.05) in micronuclei and binucleated cells in the erythrocytes
of exposed fishes compared with the control. Hatching success,
number of heart beats per minute, and percentage abnormalities
in the treated embryos decreased statistically (p<0.05) compared
with control. Mild to severe lamellar necrosis was observed in the
gills of treated C. gariepinus over the period of 28 days. The study
demonstrates the need for regulatory measures and monitoring
of the use of TCS and TCC in PCPs in order to mitigate potential
adverse effects to aquatic organisms.

P130
Hematology and Biochemistry Reference Data in
Juvenile Rats at 4, 7, and 21 Days of Age
B. Attalla1, A. Fotovati1, J. Younan1
ITR Laboratories Canada Inc., Baie-D'Urfé, QC, Canada

1

Due to physiologic differences between neonates, children, and
adults, juvenile animal models of relevant age must be used as
test systems in nonclinical studies in order to evaluate the safety
of drugs targeting pediatric human patients. Inherent differences
exist between mature and immature biological systems. As such,
certain markers of toxicity, like the clinical pathology parameters,
of juvenile animals differ from those of their adult counterparts.
Therefore, for the interpretation of results observed in juvenile
toxicology studies, age-specific sets of standard clinical pathology
parameters are needed for reference. In order to obtain reference
hematology and clinical chemistry data from naive Sprague
Dawley rat pups, our laboratory collected, processed, and
analyzed samples from a total of 391 male and female animals
at postnatal days (PND) 4, 7, and 21. The standard hematology
and clinical chemistry parameters used in general toxicology
studies were measured from rat pups at each of the critical stages
mentioned above. Each parameter was statistically analyzed and
compared with the datasets available from adult Sprague Dawley
rats. The data analyses showed important differences in the early
stages of development when compared with data obtained from
adult rats. In addition, the clinical pathology data obtained from
rat pups at different stages of their development can be used as a
reference range for juvenile toxicology studies.

University of Lagos, Lagos, Nigeria

1

Antimicrobial additives in personal care products (PCPs) such
as triclosan (TCS) and triclocarban (TCC) are of significant
environmental concern due to their potential toxicity to
nontarget aquatic organisms. We investigated the genotoxic,
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Effects of Intravenous or Subcutaneous Polysorbate
80 (Tween 80) in Telemetered Beagle Dogs
R. Tavcar1, C. Li1, E. Boulay1, S. Maghezzi1, I. Reeves2, M. Demers2,
E. Gazaille2, S. Authier1
Citoxlab, a Charles River Company, Laval, QC, Canada, 2 Université de
Montréal, St-Hyacinthe, QC, Canada

1

Polysorbate 80 is a nonionic surfactant and emulsifier commonly
used as a vehicle in preclinical formulations. Polysorbate 80 is
associated with IgE independent anaphylactoid reactions in
various species, including humans, and with dogs recognized
as the most sensitive species. Doses of 0, 0.3, and 1 mg/kg
were given as an IV bolus or subcutaneously (SC) to Beagle
dogs following a Latin square with continuous telemetry
cardiovascular monitoring for 24 hours. A separate dose of 3 mg/
kg was administered as a 15 min IV infusion with and without
diphenhydramine (1 mg/kg, SC) pretreatment with histamine
concentration measurements and cardiovascular monitoring by
telemetry. Doses of 0, 0.3, and 1 mg/kg SC were not associated
with any significant effects, while one out of four dogs
showed transient facial edema at 1 mg/kg IV but with minimal
cardiovascular changes. At 3 mg/kg, body temperature was noted
to decline with a -2 Celsius nadir achieved at 45 min post-dose
and recovery to baseline comparable values by 105 min postdose. Parallel to the cardiovascular changes, plasma histamine
concentrations peaked at 20 min post-dosing at 3 mg/kg and
diphenhydramine was associated with a 3-fold reduction in
histamine release with a significant attenuation of cardiovascular
effects. In conclusion, Polysorbate 80 was not associated with any
significant effect at 1 mg/kg SC or at 0.3 mg/kg IV.

P132 
Development of Exosome-Based Biomarkers
for Manganese Neurotoxicity
S. Manne1, N. Kondru1, H. Jin1, E.Y. Lee2, M. Lewis2,
V. Anantharam1, X. Huang2, An. Kanthasamy1, Ar. Kanthasamy1
Iowa State University, Ames, IA, USA, 2Penn State Milton S. Hershey
Medical Center, Hershey, PA, USA

1

Long-term exposure to manganese (Mn) is known to cause
neurological, parkinsonian-like symptoms in exposed individuals
by affecting the extrapyramidal motor control system.
Occupationally exposed individuals like welders are at high risk
due to constant exposure to Mn-rich welding fumes. No bloodbased biomarkers are available for Mn poisoning in humans
except for expensive imaging techniques, like brain MRI. In the
present study, we developed a rapid, sensitive quantification
method that detects α-synuclein aggregation by a real-time
quaking-induced conversion (RT-QuIC) assay in Mn-exposed
individuals. We generated a high-quality recombinant human
wild-type α-synuclein protein as a substrate for this assay
and optimized the RT-QuIC assay conditions to quantify the
α-synuclein-seeded aggregation. Moreover, we determined the
diagnostic utility of the α-synuclein RT-QuIC assay using exosomes
isolated from a blinded cohort of serum and plasma samples
from a population exposed to welding fumes and age-matched
controls. We could differentiate welders from controls with >95%
sensitivity and specificity with the RT-QuIC assay, suggesting
that exosomal α-synuclein aggregates may serve as a circulating
biomarker for Mn neurotoxicity. Furthermore, next-generation
sequencing of serum exosomes showed changes in several small
American College of Toxicology 40th Annual Meeting 2019

RNAs, such as miRNAs, piRNAs, and tRNAs, that may potentially
contribute to Mn neurotoxicity and thus could also evolve as
potential biomarkers. Collectively, our findings demonstrate the
use of a sensitive, high-throughput RT-QuIC assay for discovering
α-synuclein-based biomarkers and identify potential exosomeassociated small RNA biomarkers (Acknowledgements—ES
026892, Lloyd and Armbrust endowments.)

P133 
Obesity and Prostate Cancer Progression:
Role of the Chemokine CXCL12
S. Ahn1, A. Saha1, J. DiGiovanni1, M. Kolonin2

University of Texas at Austin, Austin, TX, USA, 2The University of Texas
Health Sciences Center at Houston, Houston, TX, USA

1

Obesity is a significant risk factor for several cancers in both
men and women. A number of studies have shown that obesity
is associated with increased prostate cancer (PCa) progression
and higher mortality. However, the mechanism(s) for obesitydriven PCa remain unclear. Previously, we showed that obesity
enhances PCa progression by changing the surrounding tumor
microenvironment, especially the white adipose tissue (WAT).
WAT consists of many cells, including inflammatory cells, mature
adipocytes, and adipose stromal cells (ASCs). Here, we further
investigated the role of ASCs and ASC-derived CXCL12 in obesitydriven PCa progression. In HMVP2 cells, expressing high levels
of CXCR4, we observed activation of MAPKs, AKT, STAT3, and
NFkB following treatment with CXCL12. These CXCL12-induced
signaling pathways were inhibited by treating with AMD3100,
a CXCR4 antagonist, and also by CXCR4 knock-down. Our data
demonstrate that obesity promotes EMT in tumor cells and
increases invasion of surrounding WAT into the tumor stoma.
Treatment of mice with AMD3100 significantly inhibited the
growth of HMVP2 tumors and suppressed EMT in obese mice.
Furthermore, D-CAN, a hunter-killer peptide developed for
targeting ASCs, also suppressed obesity-induced EMT and
tumor growth in HMVP2 tumor allografts. Lastly, AMD3100 in
combination with D-CAN showed a significant reduction in PCa
growth in obese mice compared with either agent used alone.
These results provide evidence that ASCs activate the CXCL12/
CXCR4 signaling as well as other pathways playing an important
role in obesity-driven PCa progression. Our data suggest this
pathway as a novel therapeutic target for inhibiting obesitydriven PCa growth and progression.

P134
Comparison of Organ Weight (Absolute and Relative
to Brain) in Wistar Han Rats at Different Ages
S. McPherson1, E. Wang1
WuXi AppTec (Suzhou) Co. Ltd, Suzhou, Wuzhong, China

1

Organ weights are routinely assessed during the conduct of
toxicology studies. Differences in organ weight both relative and
absolute in Wistar Han rats at three different ages (11–12, 20–21,
and 33–34 weeks) were summarized. The datasets were analyzed
using graphs of organ weight to body weight and organ weight
to brain weights and further analyzed looking at the Y-intercepts,
slopes, correlation coefficient, and coefficients of determination.
The analysis showed: Organs with Highest Relative Growth Rates:
Thyroid > Liver > Heart > Kidneys > Lungs > Spleen > Pituitary.
Decreases in Relative Growth Rates in Absolute Weights in Males
and/or Females: Thymus > Adrenal Glands. Male Organs with
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Highest Relative Growth Rates in Absolute Weights: Prostate
> Epididymus > Testes. Female Organs with Highest Relative
Growth Rates in Absolute Weights: Uterus > Ovaries. Based on
these results, it is suggested to interpret organ weight data based
on absolute weights and ratios to body weight for those with
relatively higher correlation index with body weight and based
on absolute body weights for those with little or no correlations
with either body/brain weights. The age ranges investigated have
generally covered that of rats used on repeat-dose toxicology
studies ranging from 2 to 26 weeks. Therefore, these background
data are used in distinguishing changes due to treatment and
variation; also identified were the more sensitive organs in high/
low relative growth rates and sex differences, which can be used
as scientific justification when reviewing trends in organ weights
in long-term studies.

P135 
Alterations of Expression of RNA
Modification Regulators by Carcinogens in
the Alternative Chicken Egg Model
T. Kobets1, J-D. Duan1, K.D. Brunnemann1, D.A. Iacobas2,
S. Iacobas1, E. Vock3, U. Deschl3, G.M. Williams1

New York Medical College, Valhalla, NY, USA, 2Prairie View A&M
University, Prairie View, TX, USA, 3Boehringer Ingelheim Pharma
GmbH&Co. KG, Biberach an der Riss, Baden-Württemberg, Germany
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The role of RNA modifications in the development of pathologic
conditions, including chemical carcinogenesis, remains unclear.
The dynamic nature of the epitranscriptome modifications is
regulated by enzymes, such as methyltransferases, demethylases,
and pseudoU synthetases. The current study utilized microarray
platform to investigate presence and expression of genes that
encode for the aforementioned enzymes in the alternative to
animal Chicken Egg Model (CEM) after 3 daily injections with
10 established genotoxic and epigenetic carcinogens and their
comparators, including dialkylnitrosamines, aromatic amines,
polycyclic aromatic hydrocarbons, aflatoxins, clofibric acid, and
phenobarbital. The CEM uses metabolically active livers from
embryo-fetal chicken organisms, which by definition are not yet
subjected to regulation for animals, collected 3 hours after the
last dosing on incubation day 11. Chemical-specific deregulation
of 21 genes that encode for several RNA modification enzymes
in various species, including humans, was observed in the
CEM. Genotoxic hepatocarcinogens dialkylnitrosamines
produced most significant changes. Specifically, upregulation of
demethylases ALKBH5, FTO, and ALKBH3 and downregulation of
pseudoU synthase genes PUS1, PUS10, PUS7, and PUSL1 were
observed, among other changes. The majority of genotoxic
hepatocarcinogens also altered the expression of several small
nucleolar RNAs, including SNORD17, SNORA62, and SNORA81,
which guide methylation and pseudouridylation of rRNA and
tRNA. Other genes that can be potentially involved in the
epitrascriptome alterations were detected. These findings lead
to the hypothesis that chemicals can produce epitranscriptome
modifications, which in combination with established genotoxic
and/or epigenetic effects contribute to carcinogenesis. Based
on our findings, CEM is an appropriate model to investigate this
hypothesis.

P136 
Changes in Mouse Lung and Blood
Transcriptomes upon Pulmonary Exposure to
Multi-Walled Carbon Nanotubes
T.O. Khaliullin1, M.S. Newman1, L.M. Fatkhutdinova2,
N. Yanamala3, E.R. Kisin3, A.A. Shvedova3

West Virginia University, Morgantown, WV, USA, 2Kazan State Medical
University, Kazan, Republic of Tatarstan, The Russian Federation,
3
National Institute for Occupational Safety and Health, Morgantown,
WV, USA

1

Pulmonary exposure to multiwalled carbon nanotubes (MWCNT)
has been shown to cause local inflammation, fibroproliferation,
and immunotoxicity in small animal studies. However, the
search for representative biomarkers of exposure is an ongoing
endeavor. Whole blood gene expression profiling is a promising
new approach to identification of novel biomarkers over
traditional, invasive biopsy. The goal of this study was to look
for correlates between mRNA expression in lung tissue and in
whole blood after MWCNT exposure. Mice were administered
40 µg of MWCNT or USP-grade phosphate buffered saline via
pharyngeal aspiration and sacrificed 56 days after treatment. RNA
microarray studies were performed alongside histopathology
of lung sections. Ingenuity Pathway Analysis (IPA) indicated
inflammatory response and connective tissue organization
markers, with an emphasis on immune cell trafficking,
phagocytosis, and adaptive immune responses. Hematopoiesis
and activation of cancer/tumor development pathways had the
opposite activation status in lungs and blood. The only common
disorder between lungs and blood was “hypersensitivity.” There
were several common, upregulated genes between whole blood
and lungs, important for the adaptive immune responses: cxcr1,
cd72, sharpin, and slc11a1. Trim24, important for TH2 cell effector
function, was downregulated in both datasets. Hla-dqa1 (MHCII) mRNA was upregulated in the lungs and downregulated in
the blood, as was lilrb4, which controls the immune response
reactivity. In conclusion, we have shown that transcriptome
changes occurring in the lungs of MWCNT-exposed mice do
not necessarily produce a replicable pattern in the whole blood;
however, specific systemic responses may be shared between
transcriptomic profiles.
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Evaluation of the Utility of ToxCast HTS and HighThroughput Toxicokinetic Data for Food Chemical
Safety Risk Assessment via Comparison with In Vivo
Animal Data
A.E. Turley1, J. Zang1, K. Paul Friedman2, R.S. Judson2,
S.C. Fitzpatrick1
US FDA, College Park, MD, USA, 2US EPA, Research Triangle Park,
NC, USA

1

New approach methodologies (NAMs) are currently being
developed and evaluated for use in chemical safety risk
assessment, including chemicals used in food. NAMs include
in vitro high-throughput screening (HTS) assays, such as the
ToxCast and Tox21 assays. The ToxCast/Tox21 assays have been run
for thousands of compounds, including hundreds of compounds
used in food. However, the relationship of these NAM data with
traditional in vivo animal data, and the utility of NAMs for risk
assessment, remains under evaluation. The goal of the present
study is to evaluate the utility of ToxCast/Tox21 HTS data in food
safety risk assessment. To do this, bioactive concentrations of a
subset of food-use compounds in ToxCast were converted to oral
equivalent doses (OEDs) via in vitro to in vivo extrapolation (IVIVE)
using either in vitro– or in silico–based toxicokinetic parameters
for a subset of food-use compounds. These OEDs were then
compared with doses demonstrated to cause effects in in vivo
animal tests (using data compiled by US EPA and US FDA). Initial
comparisons demonstrated great variability in the correlation
between ToxCast and in vivo data, so steps are being taken to
further refine the toxicokinetic information, chemical groups, and
in vivo endpoints in an effort to identify additional information
and conditions necessary to utilize HTS data for preliminary food
safety assessment. This work does not reflect the official policy of
the US EPA.

P202
Application of Read-Across and Low-Hazard
Approaches in the Human Health Risk Assessment
of Existing Chemicals under the Chemicals
Management Program (CMP): A Case Study on
Nonane, 2,2,4,4,6,8,8-heptamethyl (HMN)
A. Luu1, C. Campbell1, S. Mohr1, A. Zidek1, V. Bergeron1, S. Kuchta1
Health Canada, Ottawa, ON, Canada

1

In 2016, the Government of Canada launched the third phase
of the Chemicals Management Program (CMP). This phase
is addressing the remaining 1,550 priority chemicals of the
original 4,300 chemicals identified as priorities for assessment.
To improve efficiencies and to address challenges for substances
that lack sufficient data on potential health effects, Science
Approach Documents (SciADs) and read-across approaches have
been developed. Depending on the nature of the substance,
some of these approaches may be combined in a human health
risk assessment context. In 2017, the Government of Canada
published a Science Approach Document for Substances with
Low Human Health Hazard Potential, which represents a hazardbased evaluation framework for substances that have inherently
low toxicity. For these substances, a qualitative approach to risk
characterization may be considered, thereby streamlining the
American College of Toxicology 40th Annual Meeting 2019

human health risk assessment. The utilization of this approach is
informed either by substance-specific data or by data acquired
through read-across. Read-across represents another approach
whereby available information from a similar chemical (analogue)
is extrapolated/interpolated to a chemical lacking data on one
or more hazard endpoints (target chemical). The read-across
process involves a series of steps, the principal ones being
problem formulation, profiling the target chemical, identification/
characterization of analogues, data-gap filling, and uncertainty
assessment. A case study on nonane, 2,2,4,4,6,8,8-heptamethyl
(also referred to as heptamethylnonane, HMN) is presented,
whereby substance-specific information and data acquired from
read-across provided the foundation for the proposed use of a
“low-hazard” approach, as outlined in the Substances with Low
Human Health Hazard Potential SciAD.

P203
BioCelerate Protocol Harmonization Initiative
M.A. Carfagna1, P.R. Brinck2, K. Matsuyama3, T. Fukushima3,
G.E. Schulze4, C. Clayton4, T. Page1

Eli Lilly and Company, Indianapolis, IN, USA, 2Novo Nordisk,
Copenhagen, Byen, Denmark, 3Shionogi & Co., Ltd, Osaka, Kansai,
Japan, 4Bristol-Meyers Squibb, Jersey City, NJ, USA
1

BioCelerate, a subsidiary of TransCelerate BioPharma, Inc., is a
preclinical industry consortium driving initiatives to increase
efficiency and productivity in R&D. The objective of the common
templates for nonclinical studies initiative is to drive efficiency
in the preclinical space by decreasing the time to develop a
protocol and thus start a study. An additional objective of the
initiative is to improve overall study quality by decreasing errors
due to unfamiliarity with protocol formatting. The initial focus
is on developing a protocol template for FIH-enabling repeatdose general toxicology studies. BioCelerate is collaborating
with various stakeholders (CROs, health authorities, biopharma,
software vendors, and standard setting bodies) to evaluate
options and potential recommendations for protocol content
and structure. Input from these stakeholders will ensure that the
protocol template will achieve our stated objectives of improving
toxicology study efficiency and quality, while also being
implementable by a wide range of stakeholders. To prepare a
framework for engagement, the consortium has created an initial
protocol template for stakeholder input. The process to develop
the initial protocol template utilized the OECD GLPs as a starting
point and excluded process instructions where large variations
in preferences exist. A webinar was held on February 26, 2019, to
introduce the initiative and collect feedback from stakeholders.
Responses to poll questions indicated that a majority of
stakeholders currently use multiple protocol templates and
experience problems associated with protocol inconsistency,
including process/time inefficiencies and reduced quality of
study execution, and a mixed response regarding the inclusion of
SEND information in the protocol.
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Classification of EPA Ocular Irritants and
Nonirritants by the OptiSafe Test Method
P. Vij1, S.J. Lebrun2, G.L. DeGeorge1

MB Research Laboratories, Spinnerstown, PA, USA, 2Lebrun Labs LLC,
Anaheim, CA, USA
1

The EPA eye irritation classification system is routinely used to
categorize ocular toxicity. This system classifies chemicals that
damage the eye after 24 hours (Category III, II, or I) and those
that do not cause damage (Category IV). This latter classification
is aligned with the standard definition of an “ocular nonirritant.”
The OptiSafe test is a novel, shelf-stable, in chemico method
that can be used to discriminate ocular irritants/corrosives from
nonirritants without use of animal tissues or cells. OptiSafe
measures ocular damage via a proxy for the corneal stroma
(water-soluble molecules), damage to phospholipid bilayers, and
the potential to induce pH extremes in a system (pH buffering
system of the eye). Chemicals in this study were selected based
on a wide range of EPA classifications, chemical and physical
properties, high-quality in vivo reference data, and chemical
stability. Selected chemicals (37) including surfactants not
previously tested were aliquoted into coded vials and tested
blind in triplicate. The coded vials were tested, and results were
reported as either EPA Category IV (nonirritant) or not (EPA
Category III, II, or I). The OptiSafe test method applied to these 37
test chemicals achieved a sensitivity of 100% (26/26), specificity
was 81.8% (9/11), and overall accuracy was 94.6% (35/37). These
results suggest that OptiSafe may be an important tool in the
complete classification of eye hazards, especially for surfactants,
as well as cosmetics and other substances applied to or around
the eye.

P205
Identifying Eye Irritants (GHS Category 2) Using
Validated, Nonanimal Tests
B.J. Varsho1, P. Vij1, D. Sergeyev1, G.L. DeGeorge1
MB Research Laboratories, Spinnerstown, PA, USA
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OECD Test Guideline 405 prescribes a weight of evidence (WoE)
analysis and sequential testing strategy for the classification of
acute eye hazards, including, “Perform validated and accepted
in vitro or ex vivo ocular test(s).” Four tests qualify: three designed
to identify severe eye irritation/corrosion (GHS Category 1) and
one to identify nonirritants (GHS No Category). GHS Category 2
(eye irritant) classification is impossible using any single test. The
EpiOcular Eye Irritation Test (EIT; OECD 492) classifies a substance
to be No Category, or contrarily causes (uncategorizable) eye
effects. Conversely, the Bovine Corneal Opacity and Permeability
(BCOP) Test (OECD 437) is used for ruling in or ruling out Category 1
effects. By using a dual-assay/approach system—the combination
of the EIT and BCOP test—we have determined, with a high
degree of accuracy, GHS Acute Eye Hazard Category 2 chemicals
that cause reversible eye irritation. When a BCOP test rules out
GHS Category 1 and the EIT rules out GHS No Category, analysis
of these results indicates the only other possible designation—
Category 2. Per GHS, Category 2 classification defaults to Category
2A, because differentiation between Category 2A and 2B cannot
be made. After testing 42 chemicals, we correctly identified 93%
of the Category 2A/B chemicals as Category 2. The potential of
the BCOP EIT dual-assay system, coupled with WoE evaluation, to
correctly classify substances into GHS Category 1, Category 2A,

and No Category is encouraging. We predict using this testing
strategy would greatly reduce reliance on Draize Rabbit Eye Tests.

P206
QSAR Models for Identifying Pesticides Exhibiting
High, Moderate, and Low Toxicity in Honey Bees
M. Girireddy1, R. Saiakhov1
MultiCASE Inc, Beachwood, OH, USA

1

Pesticides are important for crop production, but sometimes
they harm species like honey bees (Apis mellifera), which are
of immense ecological and economical importance since they
contribute to crop pollination and honey production. Several
regulatory guidelines were introduced by ECHA (OCSPP 850.3020,
Chapter R7b: R.7.11), EFSA, US EPA, and OECD (213, 214) to
protect these species. In the past, various QSAR models were
built with regard to these guidelines. However, they have training
sets below 250 compounds and are limited to specific classes of
chemicals and modes of action. To overcome these limitations,
we have built QSAR models to predict acute toxicity (LD50) of
chemicals toward honey bees in line with OECD and US EPA
guidelines. The toxicity data was collected from various public
sources. Lethal dose of compounds ranged from 0.0029 ug/bee
to 1000001 ug/bee. Binary labels were assigned in accordance
with US EPA specifications (e.g., <2 ug/bee as highly toxic, 2 to
<11 ug/bee as moderately toxic, 11 to <100 ug/bee as slightly
toxic, and >= 100 ug/bee as not acutely toxic). The training
dataset size ranged from 298 to 719 compounds. All models
demonstrated external set validation performance in the range of
43%–67% sensitivity, 60%–100% specificity, 74%–100% positive
accuracy, 9%–94% negative accuracy, and 58%–73% coverage.
With bootstrap cross validation, models exhibited 62%–79%
sensitivity, 65%–93% specificity, 68%–82% positive accuracy,
52%–96% negative accuracy, and 63%–74% coverage. Thus, we
successfully built interpretable QSAR models for predicting high,
moderate, and low toxicity of pesticides toward honey bees.

P207
Confirming the Safety of Ingredients Used in
Cosmetic Products Available in Canada—A Review
of Current and Proposed Approaches
I. Dobre1
Health Canada, Ottawa, ON, Canada

1

Cosmetics are one of the largest classes of products used by
consumers worldwide and subject to close public, media, and
regulatory scrutiny. Phthalates, parabens, triclosan, and coal tar
dyes are only a few of the cosmetic ingredients showcased in
recent years for their potential to cause adverse health effects.
The ever-growing diversity of cosmetic products on the market
is appealing to consumers but also raises important questions
for regulators regarding the safety of these products and their
respective ingredients. Access to product formulation data,
along with robust regulations, has positioned Health Canada as a
leader in promoting cosmetic product safety. With its mandatory
cosmetic notification process, Health Canada is able to screen
cosmetic products for compliance with conditions set out by
the Food and Drugs Act and Cosmetic Regulations. To identify
ingredients that may pose a human health concern, the notified
product formulations are cross-referenced with the Cosmetic
Ingredient Hotlist (Hotlist)—an administrative list of over 600
American College of Toxicology 40th Annual Meeting 2019
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P208
28-Day Somatic Gene Mutation Study of
1-Bromopropane in Female Big Blue Mice via
Whole-Body Inhalation: Support for a Carcinogenic
Threshold
J.T. Weinberg1, R.R. Young2, M.E. Stelljes3
Charles River Laboratories, Ashland, OH, USA, 2MilliporeSigma,
BioReliance Testing Services, Rockville, MD, USA, 3SLR International
Corporation, Martinez, CA, USA

1

A 2-year inhalation rat and mouse cancer study by the National
Toxicology Program (NTP) on 1-bromopropane (1-BP), a
brominated solvent most commonly used as a vapor degreaser,
showed significant increase in tumors in the lung of female mice
and in the large intestine of male and female rats. The most
sensitive endpoint was lung tumors in female mice. Mice of both
sexes had hyperplasia and inflammation of the nose and showed
regeneration of lung tissue. The NTP assumed that these tumors
were due to genotoxic effects and that a linear dose-response
relationship was appropriate. It is plausible that, similar to
chloroform, hyperplasia and inflammation are required as initial
events for tumor development. If true, then a threshold-based
model may be more appropriate for 1-BP. To test this hypothesis,
a 28-day repeat-dose inhalation Big Blue assay was conducted
using female transgenic B6C3F1 mice. The target exposure
concentrations and the exposure regimen were identical to those
used by the NTP. Results demonstrated no elevation in mutant
frequency of the cII transgene in lung, colon, or liver. Positive
controls produced statistically significant increases in mutant
frequencies across all tested tissues. These results demonstrate
that 1-BP does not induce cII mutants in lungs, colon, or liver
under the testing conditions. These data have important
ramifications in the quantitative evaluation of tumor results
for this chemical and support a mechanism of action where a
threshold for carcinogenicity is plausible.

P209
Good Laboratory Practice (GLP) in the Academic
Environment
J.L. Zahorsky-Reeves1, D.M. Breazeal1
University of California Los Angeles, Los Angeles, CA, USA

1

Good Laboratory Practice (GLP) is a quality system concerned
with the organizational process and the conditions under
which nonclinical health and environmental safety studies
are planned, performed, monitored, recorded, archived, and
reported under the US Food and Drug Administration Code of
Federal Regulations 21 Part 58, which was first enacted in the
United States in 1978. These studies are generally conducted
at Contract Research Organizations (CROs), where dedicated
employees commit full-time efforts. However, this can prove to
be too cost prohibitive to university faculty members without
substantial financing, typically from “Big Pharma” partners. In
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an attempt to assist our investigators with the US FDA approval
process, our animal care services division embarked on setting
up a GLP-compliant testing facility at a major university. This
undertaking posed a complicated set of trials and tribulations
to get this highly regulated program off the ground in an
academic setting. While it was successful to a degree, we will
present the challenges associated with organizing and training
the right personnel; developing sufficient SOPs and associated
forms; preparing the facilities, including monitoring of the
environment; writing a comprehensive study protocol; certifying
and maintaining equipment; handling of test and control articles;
properly archiving all data and study materials; and preserving
a relationship between the Sponsor, the Quality Assurance
(QA) unit, and animal services as the Testing Facility (TF). Each
academic institution should decide whether GLP-compliant
studies are something into which they are willing to invest their
employees’ and their facilities’ considerable time and effort.

P210
Model Characterization: Gamma Irradiation for
Immunoconditioning Cell Therapy Toxicology and
Tumorigenicity Studies in NOD/SCID/IL2Rγnull
(NSG) Mice
F-H. Paradis1, K. Wong1, C. Li1, R. Tavcar1, S. Authier1
Citoxlab, a Charles River Company, Laval, QC, Canada

1

The NOD/SCID/IL2Rγnull mouse is a relevant model for in vivo
toxicology and tumorigenicity studies evaluating human cell
therapies due to their severe deficiency in adaptive and innate
immune response, enabling cell engraftment. Data were
compiled from control NOD/SCID/IL2Rγnull (NSG) mice exposed
to gamma irradiation at 200cGy (160cGy/min) (N=41 males, 68
females) or 0cGy (N=10 males, 10 females) and had then been
dosed with vehicle or positive control via a single intravenous
injection. Retrospective data evaluation included mortality,
clinical observations, body weights, hematology, and external
and internal macroscopic observations. There was no mortality
in any of the 129 control (irradiated and nonirradiated) mice
up to the 20-week observation period. Although the irradiated
group showed a minor decrease in body weight (-5.6% and -2.7%
in males and females, respectively), the body weight changes
at 21 days post-irradiation were similar to that of nonirradiated
controls. Clinical signs in irradiated mice were low in incidence
and severity and did not differ significantly from nonirradiated
mice. Hematology, including white blood cell (WBC) and
neutrophil (NEU) counts, from irradiated mice at weeks 13 and 20
revealed comparable values to nonirradiated animals, confirming
bone marrow recovery. In contrast, irradiated mice treated with a
positive control (HL-60) were euthanized prior to week 13. Finally,
there were no irradiation-related differences in macroscopic
observations with lymphoid atrophy identified comparably in
irradiated and nonirradiated groups. These results support the
use of gamma irradiation for immunoconditioning prior to cell
engraftment in NSG mice in the context of regulatory toxicology
and tumorigenicity studies.

Abstracts

ingredients that are either prohibited or restricted in cosmetic
products. The Hotlist also serves as a valuable source of ingredient
safety information for various stakeholders, including industry,
general public, as well as other parts of the federal government.
Recognizing the increasingly diverse cosmetic product landscape,
maintaining a scientifically supportable Hotlist is paramount to
confirming the safety of current and future cosmetic products.
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Use of Dog Studies in Evaluating the Safety of Food
and Color Additive Petitions Submitted to the
US FDA
N. Anyangwe1, S.C. Fitzpatrick2, B. Flannery3, A. Mattia1,
H. Schaefer3, T. Tyler1, C. Whiteside4

Office of Food Additive Safety, CFSAN/US FDA, College Park, MD, USA,
Office of the Center Director, CFSAN/US FDA, College Park, MD, USA,
3
Office of Analytics and Outreach, CFSAN/US FDA, College Park, MD,
USA, 4Retired US FDA, College Park, MD, USA
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There has been a decline in the number of dog studies submitted
to the US FDA since the year 2000. This observation, coupled
with the US FDA goal of modernizing toxicology, prompted
our analysis of the role of dog studies in food ingredient safety
assessments. CFSAN reviewed its Food Applications Regulatory
Management (FARM) database to identify and determine the
impact of dog studies on decisions regarding the safe use of

food and color additives. We identified food additive petitions
(FAPs) and color additive petitions (CAPs) that included one or
more dog studies. These dog studies were classified as having a
decisive impact on safety decisions for less than 50% of FAPs and
CAPs. They were further characterized based on the following
criteria: addressed a safety concern, used to calculate acceptable
daily intakes (ADIs), used to conclude safety in toxicology
memoranda, provided a reason for withdrawal of a petition, or
the dog was the most sensitive species tested. These findings
may enable CFSAN to determine when a toxicity study in dogs
could provide toxicological information not otherwise available
using other experimental model systems and may help to
identify endpoints for potential evaluation using modern in vitro
or in silico techniques.
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P302 

Medical Devices Extraction: Solvent Selection
Challenges and Solutions
A. Luniwal1

Reproductive Disorders in Male Rats with
High-Fructose Diet Consumption Starting
from Juvenile Age to Puberty
G.M. Shayakhmetova1, O.Y. Tkachenko1, A.V. Matvienko1,
I.S.Blazhchuk1, V.V. Kovalenko1

North American Science Associates (NAMSA), Inc., Northwood,
OH, USA
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General principles of toxicology play an important role in
evaluation of biological safety and risk assessment of extractable
and leachable exposure from clinical use of medical devices.
The regulatory landscape for medical devices’ biological safety
evaluation is ever changing. Recent publication of revised ISO
10993-1:2018, Biological Evaluation of Medical Devices—Part 1:
Evaluation and Testing within a Risk Management Process, has
brought material and chemical characterization of medical
products to forefront of the risk-based approach for evaluation
of biological safety. To that effect, chemical characterization
of appropriate device extracts has become the predominant
approach. Selection of the appropriate extraction vehicle for
chemical characterization plays an importance in effective
chemical testing strategy design. A review of % non-volatile
extractable (aka NVR) limits provided in the Code of Federal
Regulations Title 21—Food and Drugs, Part 177: Indirect Food
Additives: Polymers, is performed to develop solvent selection
criteria for common types of polymers used in medical products.
An aggressive solvent is expected to generate higher % of NVR
than a more compatible solvent. Based on these limits, extraction
vehicle can be categorized as aggressiveness (e.g., incompatible)
or compatible.

SI (Institute of Pharmacology & Toxicology NAMS of Ukraine), Kyiv,
Ukraine

1

There is compelling evidence that hypercaloric, high-fructose
diet can induce a whole range of metabolic alterations and
supposedly metabolic syndrome, which merits special attention
in boys because of androgen deficiency development. However,
evidences concerning effects of high-fructose diet in the juvenile
period on future male reproductive function are insufficient. The
study aimed to analyze effects of high-fructose diet consumption
starting from juvenile age to puberty on reproductive function in
male rats. Juvenile male Wistar rats were divided into 2 groups:
control and high-fructose diet (replacement of drinking water
with 10% fructose starting from postnatal day 23 up to 83).
Pronounced decrease in serum testosterone (28% as compared
with control) accompanied with two-fold increase in LH and
FSH levels were apparent in males with high-fructose intake.
Absolute and relative weight and volume of testes, as well as
absolute weight of epididymis, reduced in these rats. Such results
are consistent with those on 26% sperm count decrease. High
fructose intake was accompanied with destructive changes
in spermatogenic epithelium: spermatogenic index, number
of spermatogonia, and cells at XII stage of spermatogenesis
decreased. Simultaneously epithelium exfoliation into the lumen
of seminiferous tubules increased. In part of animals consuming
fructose solution detected dystrophically altered epithelial
cells in epididymis tubules. Fertilizing capacity of these males
remained unchanged, but fertility rate of intact females fertilized
by them decreased. In addition, level of preimplantational
embryonic death raised 2.2-fold. Results indicate that high
fructose consumption starting from juvenile age up to puberty
causes reproductive impairment in male rats.
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Demonstrating a Lack of Skin Sensitization Hazard
Potential for alpha-Glycosyl Isoquercitrin (AGIQ)
Utilizing the Local Lymph Node Assay
D.A. Donahue1, P. Vij2, D. Sergeyev2, K.P. Burke1, S-M. Hayashi3,
M. Koyanagi3, R.R. Maronpot4, B.J. Varsho2, G.L. DeGeorge2,
L. Recio1

Integrated Laboratory Systems, Inc., Research Triangle Park, NC, USA,
MB Research Laboratories, Spinnerstown, PA, USA, 3San-Ei Gen F.F.I.,
Inc., Osaka, Japan, 4Toxicologic Pathology Resources, Raleigh, NC, USA
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Skin sensitization is an important aspect of safety assessment
and is a key endpoint in the toxicological evaluation of chemicals.
The compound under study, alpha-Glycosyl isoquercitrin (AGIQ),
is used in Japan as a food additive and was granted generally
recognized as safe (GRAS) status by the Expert Panel of the
Flavor and Extract Manufacturers Association (FEMA) in 2005
and US Food and Drug Administration (US FDA) in 2007. AGIQ is
highly absorbable and has been shown to possess antioxidative
properties. The safety and toxicity information for AGIQ is still
sparse, and there is paucity of data for AGIQ’s potential to cause
skin sensitization. The Local Lymph Node Assay (LLNA) has been
used for more than two decades to assess a substance’s potential
to induce an allergic response and is considered the gold standard
of skin sensitization hazard identification. The LLNA was used,
in accordance with OECD test guideline 442B, to assess AGIQ’s
potential to cause a type IV allergic response. Formulations were
analyzed for concentration and homogeneity before dosing and
results were ± 10% of target. No excessive irritation was observed
after the irritation screen (ear swelling < 25% and erythema score
< 3) when AGIQ was tested at 5%, 10%, and 25%. Based on the
lack of irritation, AGIQ was evaluated at 10%, 25%, and 50% (in N,
N-dimethylformamide) in the main test, resulting in stimulation
indices of less than the positive threshold of 1.6; 1.2, 1.4, and 1.2
respectively. Therefore, AGIQ is not a dermal sensitizer in the
LLNA.

P304
Effects of Radiofrequency Radiation (RFR) from GSM
Base Station on Reproductive Performance and
Sperm Head Abnormalities of (F1–F3) Albino Mice,
Mus musculus
I.H. Obe1, N.H. Ameaze2, F. Doherty1, A.A. Otitoloju2,
A.M. Aweda3

1
Yaba College of Technology, Yaba, Lagos, Nigeria, 2University of Lagos,
Akoka, Lagos, Nigeria, 3Lagos University Teaching Hospital, Idi-Araba,
Lagos, Nigeria

There is an increasing concern in developing countries
like Nigeria in the long-term health effects of exposure
to Non-Ionizing Radiation (NIR). This study investigated
reproductive performance and sperm morphological changes
of radiofrequency radiation (RFR) from Global Systems for
Mobile Communication (GSM) base station on three successive
generations of albino mice, Mus musculus. The model mice were
placed in cages located around the base station, while the control
was kept in a densely vegetated area devoid of base stations. The
study lasted over 3 filial generations (F1–F3), amounting to a total
of 249 days. The reproductive performance and sperm head
abnormalities were examined using standard protocol. The result
of the reproductive performance indicated that the 24 female
American College of Toxicology 40th Annual Meeting 2019

breeder mice produced a total of 76 offspring, while the control
of the same number produced more pups per litter. The average
number of pups born and offspring surviving to weaning age
in each generation differed significantly (P<0.05) for the F1–F3
evaluated. The result of sperm head morphology of mice showed
that there was a significant (P<0.05) increase in sperm head
abnormalities in exposed mice compared with the control. The
major abnormalities observed were sperm head with no hook,
pin-head, and banana-shaped head, which occurred in the 2nd
and 3rd generations. This result showed the potential adverse
reproductive health effects that RFR could have on humans after
prolonged exposure and calls for proper siting of telecom base
stations away from human habitations in the city center.

P305
Utilization of Physiologically Based
Pharmacokinetic Modeling to Assess Dermal Uptake
of Bisphenol A (BPA) and Its Skin and Systemic
Exposure in Humans
B. Wiśniowska1, S. Linke2, R. Pirow2, A. Luch2, Z. Tylutki1, S. Polak3
Jagiellonian University Medical College, Kraków, Malopolska, Poland,
German Federal Institute for Risk Assessment (BfR), Berlin, Germany,
3
Certara UK (Simcyp Division), Sheffield, South Yorkshire, United
Kingdom
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Physiologically based pharmacokinetic (PBPK) modeling plays
an increasing role in the pharmaceutical and chemical industries
[Laroche 2018]. The present study aimed to develop a PBPK model
able to describe the fate of free and conjugated BPA after dermal
exposure. Simcyp Simulator V18 (Certara, UK) was used to develop
PBPK models. The simulator provides the parametrization for the
physiological parameters for various populations. Substancespecific parameters (e.g., pKa, logP, skin layers diffusion, and
partition coefficients) were taken from the literature or predicted
with the use of QSAR models. Literature available in vitro ADME
parameters were scaled to the whole organ level. Various
dermally applied doses (50–600 μg) and application areas (10–80
cm2) were used to simulate BPA exposure resulting from thermal
papers receipts handling [Liu 2017]. The simulated average
total BPA concentration was below experimental LOD (0.015
ng/mL) up to 450 μg (the estimated highest amount of dermal
load of BPA, based on [Biedermann 2010]; however, there were
individuals with Cmax higher than LOD with the dose of ~100
μg (1/60 individual) and 200 μg (7/60 individuals). These results
are consistent with the results of Liu study in which only for one
participant (after repeated exposure) was plasma concentration
above LOD. PBPK modeling is an appropriate way to predict
internal exposure to consumer-relevant chemicals such as BPA.
It can be a powerful tool to simulate various exposure scenarios
(e.g., exposure time, dose, levels, and routes). The influence of
the variability within a population and uncertainties of input
parameters can be addressed.
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Detection of Human Cytokines in Humanized Mice
P. Cherukuri1, R. Qualy1, J. Munday2, A.M. Frantz3, B.E. McIntosh3,
B. Wilkinson1, A.L. Rowse1
Covance Laboratories Inc., Greenfield, IN, USA, 2Covance Laboratories
Ltd., Harrogate, North Yorkshire, United Kingdom, 3Covance
Laboratories Inc., Madison, WI, USA

1

Cytokine measurement is an important endpoint in
immunotoxicology safety assessment, and the ability to measure
cytokines within humanized mice provides an additional safety
endpoint as well as mechanistic insight within the model. To
determine if human cytokines (IL-2, IL-6 IL-10, IFNγ, and TNFα) can
be detected in murine matrices, human cytokines (recombinant
and ex vivo stimulated) were spiked into serum or tissue lysates
(brain and liver) from naïve NOD-scid mice. No matrix interference
was detected for all analytes for all matrices, with the exception
of minimal matrix interference of IL-10 in tissue lysates. The
specificity of the human reagents to selectively detect human
cytokines was confirmed by the insignificant detection of
murine cytokines (both endogenous and recombinant) using
human reagents in comparison with the positive detection
observed using mouse specific reagents. To confirm use within
a humanized mouse model, serum and tissue samples were
collected for cytokine assessment from NSG mice engrafted with
CD34+ cells (Hu-CD34-NSG) or PBMCs (Hu-PBMC-NSH), and nonengrafted NSG mice (controls). Human cytokines were detected
in serum above non-engrafted NSG cytokine levels in one or
both of the engrafted models. In brain lysates, no cytokines
were detected in non-engrafted mice, with detection of only
IFNγ, TNFα, and IL-10 in at least one of the engrafted models. In
liver lysates, all five cytokines were detected but cytokine levels
were comparable among engrafted and non-engrafted mice.
These data demonstrate an acceptable assay to detect human
cytokines within humanized mouse models to be used for
preclinical assessment of therapeutic agents.

P402
Characterization of Longitudinal Quality Controls
for Immunophenotyping in Cynomolgus Monkey
M.P. Brandt1, J.A. Hollenbaugh1, M.P. Shea2, A.M. Frantz2,
A.L. Rowse1

Covance Laboratories Inc., Greenfield, IN, USA, 2Covance Laboratories
Inc., Madison, WI, USA
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Immunophenotyping (IPT) of peripheral whole blood is a
standard immunotoxicology endpoint for preclinical studies in
primate species. Due to limited stability of whole blood, samples
are processed at discrete time points over the course of a study.
Here, the use of lyophilized peripheral blood mononuclear
cells (Lyo-PBMCs) as a longitudinal control for blood IPT was
investigated. The consistency of IPT data is commonly assessed
using lymphocyte summation (LSUM) and T cell summation
(TSUM), which evaluates the relationship of T cell, B cell, and
Natural Killer cell (TBNK) populations. However, LSUM and
TSUM analysis is limited to standard TBNK phenotypes and is
generally focused on data analysis. Therefore, a current limitation
of immunophenotyping assays is the lack of a quality control
that can be processed with each batch of samples. Custom
Lyo-PBMCs were generated using pooled whole blood from

Cynomolgus macaques, acting to provide a reagent with COA
and expiration date documentation. Reconstitution of cells was
optimized for staining consistency, and staining procedures were
developed to allow parallel processing of Lyo-PBMCs with whole
blood immunophenotyping. Surface and intracellular markers
for the identification of TBNK populations, memory T cells, and
proliferating (Ki-67+) cells were successfully detected using
Lyo-PBMCs. TBNK phenotypes were assessed using replicate
measurements and found to produce consistent data through
time and using multiple analysts. In conclusion, Lyo-PBMCs are
easy to use, are suitable as longitudinal quality controls, and may
be validated for use with individual immunophenotyping panels.

P403
Development of a Zebrafish Larvae Screening Assay
to Identify Compounds with Immunotoxicity and
Anti-inflammatory Activity
I. Iturria1, O. Jaka1, C. Martí1, A. Muriana1, A. Altuna1,
M.J. Mazón1
Biobide, San Sebastian, Gipuzkoa, Spain
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The zebrafish is a unique model for pharmacological manipulation
of the innate and adaptive immune response. There are several
transgenic lines available to visualize cells from the innate
and adaptive immune systems. Taking advantage of zebrafish
embryo transparency, we can test immunotoxic compounds by
quantifying these cell populations. We have developed an assay
in zebrafish larvae to detect compounds with specific toxicity
for the innate immune system and to screen and identify new
anti-inflammatory drugs. Two transgenic lines have been used:
neutrophil-specific Tg (mpx:GFP)i114 and macrophage specific
Tg (mpeg:mcherry). Different reference compounds with a known
effect on the immune system were chosen and their doses
selected after carrying out a Maximum Tolerated Concentration
assay. To determine compounds’ toxicity at the innate immune
system, embryos were exposed from 72 hpf and the population
of neutrophils and macrophages was quantified by fluorescence
microscopy. Inflammation was induced by sterile injury of the
tail fin and neutrophil recruitment to the wound site, in the
presence of reference compounds, was assessed. The ability
of the compounds to suppress the expression of inflammatory
genes (il1b, tnf-a) was also evaluated by qPCR. To determine
compounds’ toxicity at the adaptive immune system, embryos
from the transgenic line Tg (cd4-1:mcherry) were exposed to
the test compounds from 4 dpf. The effect in the formation
of the thymus was evaluated by fluorescence microscopy at 6
dpf. These zebrafish assays show to be a cost-effective assay
over mammalian models for the identification of new antiinflammatory drugs and the evaluation of immunotoxicity.
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Investigating the Distribution of an Antitumor
Compound in the Brain of a Glioblastoma Mouse
Model by Matrix Assisted Laser Desorption/
Ionization Imaging Mass Spectrometry (MALDI IMS)
F. Xie1, H. Tran1, S. Castellino1

Development of Large Animal Models of Transtympanic Injection into the Middle Ear and
Ototoxicity
A. Marie1, L. Fontaine1, S. Raghunathan1, M. Williams-Fritze2,
R. Abutin2, R. Tzafriri2, C. Sage1
CILcare, Lexington, MA, USA, 2CBset, Lexington, MA, USA
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Though rodents are widely used in auditory studies, including
ototoxicity and inner ear pharmacokinetics (PK), some studies
require larger species with middle and inner ear anatomy more
similar to humans. Safety evaluation guidances ask that inner
ear exposure and auditory brainstem response (ABR) should be
determined for otic test articles. We tested if adult swine and
sheep could be used for auditory studies. Investigation of the
acoustic ABR threshold in swine and sheep using a purpose-built
multi-channel ABR system revealed insensitivity to anesthesia
protocols across all frequencies tested and confirmed that our
system is sensitive enough to be used with a minimally invasive
subdermal electrode versus a brain implant. We determined
that medical device implantation for safety evaluation into both
species could utilize the same middle ear surgical approach.
Further examination of the external auditory canal (EAC)
anatomy through the tympanic membrane (TM) showed that
sheep were better suited for trans-tympanic (TT) injection with
an EAC/TM approximating human architecture than swine (EAC
and TM at 90° angle). The feasibility of using sheep in PK studies
was demonstrated through a TT injection of Compound X to
rats and sheep. Inner ear fluid was collected 6, 24, and 72h postinjection. Bioanalysis detected the compound in both species
at 6h, 24h (rat only), but not at 72h in both species. In summary,
these studies demonstrate that a large animal species may
be successfully utilized in standard safety auditory evaluation,
including TT injections, a surgical approach reaching the middle
ear, and ABR assessments.

P407
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GlaxoSmithKline, Collegeville, PA, USA
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GSK-A is an antitumor compound under development for the
treatment of glioblastoma. In this study, quantitative MALDI IMS
was employed to investigate the brain distribution of GSK-A in
the intracranial PDX mouse tumor model (G12). Starting 4 days
after intracranial tumor implantation, mice received an oral
administration of GSK-A at 100 mg/kg BID or a vehicle-only
dose. Following 2 days of dosing, in the treated brain tissues,
IMS demonstrated GSK-A was localized in the glioblastoma
tumor region and the ventricles. After 15 days of GSK-A dosing,
in contrast to the vehicle treatment group, brain tissues did
not display typical glioblastoma tumors; rather, parenchyma
disruption was identified in the brain. Ion images of GSK-A were
shown to be localized in the disrupted regions as well as the
ventricles. To assess the concentration differences of GSK-A in the
tumor/disrupted regions and the rest of the brain parenchyma, a
two-stage hurdle model was built to estimate ion intensity and
signal detection probability surfaces. Summary measures from
the surfaces were then used in a mixed effects model to test for
differences between regions while adjusting for inter-mouse
variation using random effects. Significant GSK-A concentration
differences between the tumor/disrupted regions and the rest
of the brain parenchyma region were demonstrated, supporting
specificity of GSK-A to localize to tumor-associated regions.
Furthermore, several lipids, including cholesterol esters and
a sphingomyelin, were identified by IMS in the brain tissues as
potential molecular markers of tumor pathogenesis and/or
GSK-A pharmacology in this glioblastoma model.

P409
Alternative Vehicles Allow the LuSens Test Method
to Predict Dermal Sensitization of Mixtures
M. Cicchini1, L.F. Pratt1, P. Vij1, B.J. Varsho1, G.L. DeGeorge1
MB Research Laboratories, Spinnerstown, PA, USA

1

Predicting dermal sensitization is an important component of
the acute toxicity testing battery. The second key event (KE2)
in the dermal sensitization adverse outcome pathway (AOP)
is characterized by keratinocyte activation. The OECD 442D
guideline details the in vitro keratinocyte ARE-Nrf2 Luciferasebased LuSens Test, herein referred to as the LuSens Test, to
predict UN GHS sensitizers (Category 1) or nonsensitizers.
We performed a series of LuSens Tests using our validated
protocol under the OECD 442D guideline. One limitation of
this methodology for testing chemicals and mixtures is the
limited solubility of potential test substances in the guidelineapproved vehicles, dimethyl sulfoxide (DMSO), Media, and water.
To expand its applicability domain, we sought to validate the
use of additional vehicles in the LuSens Test. We demonstrated
eight additional vehicles to be compatible in the LuSens
Test, as determined by their ability to appropriately promote
positive and negative control luciferase induction responses.
Using DMSO or propylene glycol, the LuSens Test was able to
predict the dermal sensitization potential of nine commercially
available mixtures. Dermal sensitization predictions agreed in
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six of six mixtures tested where safety data sheets were available.
For two of two lotion mixtures tested, which were not expected
to induce a sensitization response, no induction was seen. Lastly,
a shampoo mixture had a positive prediction in both the LuSens
Test and the KE3 guideline-based assay. Together, these data
demonstrate that the LuSens Test can be performed on mixtures
using an expanded list of intra-laboratory validated alternative
vehicles.

P410
Validation of a Novel Human Stem Cell–Based Gene
Expression Assay for In Vitro DART Assessment
I. Brandsma1, P. Racz1, T. Zwetsloot1, S. Hartvelt1, G. Hendriks1
Toxys, Leiden, ZH, The Netherlands

1
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To improve in vitro identification of developmental toxicants, we
identified potential biomarkers in human induced pluripotent
stem cells (hiPSC), marking different developmental stages from
pluripotent stem cells to terminally differentiated cells. To test
whether compounds affect development, first we optimized
the differentiation protocols for hiPSC toward cardiomyocytes,
hepatocytes, and neural rosettes and confirmed the expression
of selected biomarkers (OCT4, BMP4, MYH6, FOXA2, SOX17, AFP,
ALB, PAX6) by qPCR. During differentiation, expression of the
pluripotency marker OCT4 decreased, while expression increased
for matured tissue markers MYH6 in cardiomyocytes, ALB and
AFP in hepatocytes, and Pax6 during neuronal rosette formation.
Next, we exposed differentiating hiPSC cells to 15 teratogenic
and nonteratogenic compounds. We observed a marked
downregulation of the cardiomyocyte-specific biomarker MYH6,
hepatocyte-specific markers ALB and AFP, and/or neural-specific
biomarker PAX6 during teratogenic compound treatment
5-FU, thalidomide, retinoic acid, diphenylhydantoin, bitertanol,
triadimenol, and methoxyacetic acid. The late differentiation
markers were not affected after mono-butyl-phthalate
treatment, but the early mesoderm specific marker BMP4 was
downregulated. Two potential teratogenic azole fungicides,
fluconazole and carbendazim, did not reduce the expression
of any of the biomarkers. Three out of five nonteratogenic
compounds, acrylamide, dimethyl phthalate, and saccharin,
did not reduce the biomarker expression in either of the
three differentiation protocols and were correctly identified
as nonteratogenic. Following the differentiation program by
using selected biomarkers allows the quantitative analyses of
potential teratogen exposure and provides mechanistic insight
into the potential teratogenic mode of action of compounds.

P411
A Novel Extension of the ToxTracker Genotoxicity
Assay Identifies Aneugenic and Clastogenic
Properties of Chemicals
I. Brandsma1, P. van Rossum1, R. Derr1, N. Moelijker1,
G. Hendriks1
Toxys, Leiden, ZH, The Netherlands
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ToxTracker is a mammalian stem cell–based reporter assay
that detects activation of specific cellular signaling pathways
upon chemical exposure. ToxTracker contains six different GFPtagged reporter cell lines that together allow the discrimination
between induction of DNA damage, oxidative stress, and/or
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protein damage in a single test. Genotoxicity is detected by
the Bscl2-GFP reporter for promutagenic DNA lesions and DNA
replication stress, and the Rtkn-GFP reporter for DNA doublestrand breaks. Here we investigated whether the ToxTracker
assay could be adapted to allow the discrimination between
clastogenic and aneugenic compounds. We included a DNA stain
in the ToxTracker assay for cell cycle analyses and the detection
of aneuploidy. Clastogenic compounds can cause cell cycle arrest
but generally do not cause aneuploidy. Aneugenic compounds,
on the other hand, cause a cell cycle arrest in G2/M phase and
aneuploidy. To validate the assay, we tested 4 clastogenic, 7
aneugenic, 2 promutagenic, and 3 nongenotoxic compounds
in ToxTracker ACE (aneugen clastogen evaluation). As expected,
the clastogenic and progenotoxic compounds (with metabolic
activation) activated the genotoxicity reporters in ToxTracker
but did not cause aneuploidy. The aneugenic microtubule
disruptors and aurora kinase inhibitors arrested the cells in
G2/M phase and caused an increase in aneuploidy. Together, the
differential activation of the ToxTracker genotoxicity reporters,
in combination with the cell cycle analysis and polyploidy
detection, allows for rapid identification of clastogens and
aneugens and can further discriminate between microtubule
poisons and kinase inhibitors.

P412
Comparison of Microscopy-Based, Conventional
Flow Cytometry, and Imaging Flow Cytometry
Methods for In Vitro Micronucleus Test in TK6 Cells
H. Xie1, M.A. Rodrigues2, R. Kulkarni1

BioReliance Toxicology Testing Services by MilliporeSigma, Rockville,
MD, USA, 2Amnis Flow Cytometry, Luminex Corporation, Seattle,
WA, USA
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The in vitro micronucleus (MN) assay is a commonly used test
for the evaluation of clastogenicity and aneugenicity of drugs,
chemicals, cosmetics, food additives, and medical device extracts.
A reliable and accurate high-throughput assay system for
detecting MN cells has long been desired. Both microscopy and
conventional flow cytometry methods have been developed and
validated, and both are routinely used to perform the MN assay.
However, these methods have several limitations, such as long
turnaround time and scorer variability with microscopy, as well
as lack of visual confirmation of events and potential interference
of apoptosis with flow cytometry, especially in p53 proficient
cell lines. In this study, we conducted a comparative evaluation
of MN frequencies determined by conventional flow cytometry,
multispectral imaging flow cytometry, and microscopy-based
scoring. MN frequencies of known apoptosis inducers with and
without gentotoxicity were tested in TK6 human lymphoblastoid
cells. The cells were exposed to 5–10 concentrations of the
compounds for 4 hr in the presence of metabolic activation and
27 hr in the absence of metabolic activation. After exposure,
the cells were processed for manual microscopic scoring,
conventional flow cytometry, and imaging cytometry analysis.
The %MN and % apoptosis measurement appeared higher using
the conventional flow method. Imaging flow and microscopic
scoring gave similar apoptosis measurement. The results provide
information to better assess the potential correlation of high
proportions of apoptotic cells and false positive MN results using
conventional flow cytometry.
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hTERT Immortalized Kidney Models for Drug
Screening and Toxicity Assays
K. Grady1, L. Rodriguez1, J. Huuskonen1
ATCC, Gaithersburg, MD, USA
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Kidney is a major organ in the body responsible for the
elimination of many xenobiotics and prescription drugs and,
having relevant models for drug interaction and toxicity studies,
is thus a necessity. Primary cells and continuous cell lines have
traditionally been used in these studies. We have generated
human telomerase reverse transcriptase (hTERT) immortalized
renal proximal tubule epithelial cells (hTERT-RPTEC) that can
overcome the limitations of donor variability and senescence
of primary cells yet show key primary cell functionality. These
cells have the expected expression of E-cadherin and CD31 and
display typical dome formation morphology. One limitation of
primary RPTEC is that the expression of key solute carrier (SLC)
transporters OAT1, OCT2, and OAT3 is lost during culture and
expansion of these cells. To overcome this, we have stably
overexpressed each of these carriers in the hTERT-RPTEC
background. These cells maintain correct marker expression
(both overexpressed SLC and endogenous RPTEC markers)
and growth characteristics. Functional uptake studies using
fluorescently labeled 6-carboxyfluorescein and ethanaminium
iodide, as well as inhibition of the uptake by novobiocin and
cimetidine, demonstrate the functionality of the overexpressed
SLCs. These cells have also been used to study the mechanism
of drug toxicity (e.g., antiviral drugs tenofivir, tenofivir DF,
cidofivir) using cell viability assays. In aggregate, all these
data demonstrate that the immortalized hTERT-RPTEC and
the SLC-expressing stable variants (hTERT-RPTEC-OAT1, -OCT2,
and –OAT3) are reliable kidney models that can be used for drug
screening and toxicity assays.

P414
hTERT Immortalized Adult Dermal Melanocytes as
an In Vitro Model to Study Melanogenesis
L. Rodriguez1, K. Grady1, J. Huuskonen1
ATCC, Gaithersburg, MD, USA

1

Skin pigmentation is a complex process within melanocytes, and
mutations in the multiple genes that regulate it are characteristic
in numerous skin disorders, including hyperpigmentation,
hypopigmentation, and mixed hyper-/hypopigmentation.
Melanin expression in adult melanocytes is also influenced
by additional extrinsic and intrinsic factors, such as hormonal
changes, inflammation, age, and exposure to UV light. In order
to better understand the melanocyte biology, there is a need
for relevant biological models. Human telomerase reverse
transcriptase (hTERT) immortalized melanocytes described
here are a very robust model for studying melanocyte function
by providing primary melanocyte functionality but exhibiting
“immortalized” characteristics for more than 40 population
doublings (PDL) without signs of replicative senescence. These
dermal melanocytes maintain a consistent expression of the
melanocyte-specific marker tyrosinase related protein 1 (TYRP1) but lack the expression of a fibroblast-specific TE7 marker.
Melanin production is maintained through the life cycle,
declining only after PDL 45. Functionality similar to primary
melanocytes was demonstrated by a concentration-dependent
melanin production by melanogenesis enhancers latanoprost
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and stem cell factor, and a reduction in melanin production
in response to hydroquinone. Last, incorporation of these
melanocytes into an organotypic co-culture with fibroblasts and
keratinocytes enhances the growth and formation of the culture,
as well as shows enhanced pigment production. All these data
together demonstrate that the hTERT immortalized melanocytes
display form and function very similar to primary melanocytes
and offer a viable solution for building reliable and complex
dermal models.

P415
TargetTri: Safety Assessment and De-risking of
Novel Drug Targets
J. Venhorst1, G.J. Kalkman1, T. Rouhani-Rankouhi1, E.P. van
Someren1, S. Folkertsma1
TNO, Zeist, NH, The Netherlands

1

Assessing safety liabilities of (exploratory) drug targets in the
early preclinical phase of development is an important aspect of
managing the drug discovery pipeline. On the one hand, toxicity
information is imperative for the de-risking of therapeutic targets
that are progressing through the development pipeline. On the
other hand, safety considerations can aid in the prioritization
and selection of exploratory drug targets. Both contribute to the
reduction of attrition rates that have hampered the launch of
new drugs in recent years. TNO, a nonprofit research organization,
is developing the in silico target triaging platform “TargetTri”
together with pharmaceutical partners. By combining data mining,
text mining, and systems biology/network analysis, this webbased platform offers insight in various aspects of target-related
toxicities in separate views. These views provide for example
information on diseases, biological (adverse) effects, single
nucleotide polymorphism, transgenic models, pharmacological
tools, clinical data, expression profiles, and subsequent risk
mitigation strategies. The TargetTri platform has been applied
to analyze safety risks of Oncostatin M (OSM), identified as a
potential therapeutic target for cardiovascular disease by the
CarTarDis consortium. Identified major risks concerned anaemia
and increased susceptibility to infection based on clinical and
preclinical data. Reduction of myocardial remodeling and
angiogenesis may also be of concern for the atherosclerotic
patient based mainly on preclinical observations. The occurrence
of such effects needs to be evaluated in subsequent de-risking
assays supported by TargetTri. This research is supported by the
Dutch Ministry of Economic Affairs.

P416
Refinements to Intravenous Infusion Systems in
Sprague Dawley Rats Aid in the Successful Outcome
of a Complex Study Design
T.R. Gleason1, A.J. Evans1, J.L. Shaffer1, J.D. Bultman1
Charles River Laboratories, Ashland, OH, USA

1
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The Infusion Department at Charles River Ashland was given a
challenge: administer a 15-second intravenous dose to rats every
ten minutes for one hour on study days 86 and 149. A surgically
implanted catheter was used to allow for intravenous infusion
via ambulatory tethered system. Due to the study design, several
areas of concern were noted, including the extended duration
of the study warranting concerns for patency, the condition of
the port, and social housing for animal welfare. An exteriorized
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port using magnetic connections was determined to be the
best option with consideration given to animal growth, catheter
length and tip style, and security of the catheter to the port,
while also allowing for social housing. The study initiated with
116 M and 116 F rats (Toxicology-60/sex; Pharmacokinetic-24/
sex; Cardiovascular Telemetry-32/sex). The animals were
checked for patency and locked with 20 IU/mL heparinized
saline every other week. Two animals were electively euthanized
due to a compromised port. Of the surviving animals, 96% of
the Toxicology animals remained bi-directionally patent until
scheduled main and recovery necropsy on study days 87 and 100
respectively and 94% of the Pharmacokinetic and Cardiovascular
remained bi-directionally patent until scheduled necropsy on
study day 151. System refinements (catheter length, tip style,
and security) facilitated the exceptional patency rates and the
successful dosing of the study and allowed for social housing for
most of the study.

P417
Expanded Solvent Selection for In Vitro
Sensitization Testing Using the GARD Assay
Platform
J. Schmidt1, O. Larne2, U. Mattson2

SenzaGen, Inc., Maplewood, MN, USA, 2SenzaGen, AB, Lund, Sweden

1
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With increased use of chemicals, allergic reactions have grown
as well. Some substances, known as sensitizers, induce allergic
contact dermatitis and can severely affect the quality of life. To
prevent harmful exposure, chemicals are typically required to
be tested for safety. Historically, testing has been performed on
animals, but recent regulations as well as economic and public
interests demand replacement with animal-free methods. The
GARD platform is an in vitro, state-of-the-art assay developed
for predicting sensitizers. Development of the GARD platform
included use of two solvents: DMSO and Water. However, due to
varying chemical properties, many substances or mixtures are
not soluble in either of these solvents. Therefore, there is high
interest in increasing the array of usable solvents compatible
with the GARD assay. To do this, several solvents with varying
polar or nonpolar dissolving capabilities were selected. After
identifying concentrations not cytotoxic or causing changes
in cell phenotypes, we analyzed these solvents by the GARD
method to demonstrate assay compatibility. To demonstrate
bioavailability of the solvents to the cells, and show correct
classification, a known sensitizer was dissolved in each solvent
and used as a positive control.
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We identified both polar and nonpolar solvents that did not
affect the cells, were predicted as nonsensitizers, and correctly
predicted the positive control. We demonstrate that GARD is
compatible with a wider range of solvents, thus extending the
applicability domain to include test items with low aqueous
solubility, opening the door for testing difficult-to-test
substances such as UVCBs and other mixtures.

P418
Optimizing Intracecal Cannulation for Direct
Administration in Rats
G. Iacono1, J. Douville1, B. Richard2, F. Emond1, C. Foucault1,
M. Halle1, N. Hébert1

Charles River Laboratories Montreal ULC, Senneville, QC, Canada,
Progenity, Inc, San Diego, CA, USA

1

2

Gastrointestinal diseases affect a large population across the
world. Current treatment options include anti-inflammatory
drugs, immune system suppressors, and, where ineffective,
surgical removal of the entire colon and rectum. Herein, we
evaluated the feasibility of direct delivery via an intracecal
catheter and access port for repeated daily administration. Rats
had a catheter surgically implanted at the apex of the cecum, and
the catheter was connected to a vascular access button (VAB) in
the interscapular region. Following an appropriate postoperative
period, a patency check was performed prior to the start of
dosing to ensure integrity of the system. A fixed dose volume
of 1 mL followed by a 0.1 mL flush of 0.9% sodium chloride for
injection USP was administered daily. Most animals received
their dose for approximately 28 consecutive days. There were no
clinical signs or significant body weight changes related to the
daily administration. Complications due to the size of the VAB
were encountered in a few animals and consisted in moderate
to severe swelling with discharge around the VAB site. For
animals surviving until study completion, the placement of the
catheter was confirmed to be adequate. Microscopic findings
were considered minimal and expected following abdominal
and intracecal catheter surgery. Optimization of the model was
subsequently pursued and involved the implantation of a smaller
VAB. In conclusion, the repeat administration by direct delivery
in the cecum using surgical cannulation is a feasible model in
the rat and can be used in the preclinical development of drugs
intended for gastrointestinal diseases.

P419
Development of a Large Animal Model for
Combined Seizure and Cardiovascular Liability
Assessment
N. Sadekova1, K. Norton1, J. Sessenwein1, M. Metea2, F. Emond1,
C. Copeman1, E. Wachman1
Charles River Laboratories Montreal ULC, Senneville, QC, Canada,
Preclinical Electrophysiology Consulting, LLC, Boston, MA, USA

1
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Evaluation of central nervous system (CNS) liabilities is
traditionally limited to behavioral assessments. However,
due to the growth in compounds targeting CNS indications
and novel approaches for delivering drugs to the CNS, the
need for more sensitive CNS assessments has arisen in recent
years. Regulatory agencies are now routinely requesting that
electroencephalography (EEG) studies be conducted. These
assessments have predominantly been conducted using
analogue telemetry, which is limited to 2 EEG leads. However,
advances in digital technology can improve sensitivity and
expand assessments that can be conducted within a single
model. The objective of this study was to examine the feasibility
of a dog model implanted with both an easyTel+L_EEETA and
an easyTel+L_EPPTA telemetry unit for concurrent assessment
of EEG, ECG, and blood pressure (BP). Six Beagle dogs were
implanted with 3 EEG leads (frontal, parietal, and occipital), an
electromyography lead, lead II ECG, and femoral BP catheter.
American College of Toxicology 40th Annual Meeting 2019
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P420
Refinement of Techniques for Cardiovascular
Assessments on Repeat-Dose Toxicology Studies
K. Norton1, N. Sadekova1
Charles River Laboratories Montreal ULC, Senneville, QC, Canada

1

Over the past decade jacketed telemetry has become the gold
standard for assessing cardiovascular assessments on repeatdose toxicology studies. However, the method itself is not
without issues. The jacketing of animals requires several days
of acclimation to reduce stress-induced heart rate elevations.
Inconsistent lead placement across monitoring occasions results
in variable electrocardiograph (ECG) interval durations, as such
reducing the model sensitivity, and muscle artifact impacts
signal quality. Additionally, loss of data can be encountered
due to displacement and disconnection of leads due to
animal movement. Advances in telemetry implants have seen
considerable reduction in device weight and size, allowing
them to be adapted for use on toxicology studies. To determine
the feasibility of utilizing surgical telemetry on repeat-dose
studies, we investigated implant functionality, ECG waveform
morphology quality, blood pressure drift, and ECG interval
duration consistency in dogs instrumented with DSI-M11
implants. Data were evaluated over multiple studies up to 7
months in duration. All implants remained functional over the
7-month period. Resting heart rates and blood pressures were
comparable throughout the study, with no blood pressure drift
noted over time. The ECG morphology was of a higher resolution
than surface leads, with less muscle and movement artifact,
allowing for a greater number of cycles to be assessed in a given
monitoring period. This study confirms that surgical telemetry
can be readily incorporated into repeat-dose studies, providing
a higher-quality stable ECG and blood pressure waveform while
removing monitoring limitations and stress induced by jacketing
animals.
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Single Cell Analysis of Translational Regulators in
Acute Pancreatitis
M.R. Saunders1, J.Y. Ma1, V. Carreira1, V. Barlow2, S. Snook1,
M. Singer3, M. Otieno3, J.E. McDuffie1

Janssen Research & Development, LLC, San Diego, CA, USA,
Experimental Pathology Laboratory, Inc., Sterling, VA, USA, 3Janssen
Research & Development, LLC, Spring House, PA, USA

1
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MicroRNAs are short, endogenous noncoding nucleic acids
responsible for regulating mRNA transcripts that are monitorable
in biological fluids and tissue samples to support novel toxicity
biomarker identification and validation. Establishing cell
enrichment profiles for microRNAs is very important for enabling
early detection of drug-induced pancreatic toxicity. Serum
amylase is considered the gold-standard biomarker for assessing
the stage of acute pancreatitis, but it has many limitations,
including but not limited to sensitivity of 81%–95%. Therefore, we
have developed a robust method for using in situ hybridization
probes to localize pancreas-enriched microRNAs in formalinfixed paraffin-embedded pancreata sections and adopted an
automated image analysis to quantitate specificity in acinar and
islet cells. MicroRNA transcript expression was characterized
by detecting 1 spot per cell to 10+ spots per cell per a defined
tissue area. Precise fixed-time point analysis of individual cells
reveals drug-induced cell-specific damage followed by recovery,
highlighting the roles of noncoding RNAs as transcriptional
hallmarks that govern cellular repair processes. Specifically, we
demonstrated concordance between single cell in situ transcripts
and soluble expression patterns of putative biomarkers: miR2175p, miR216b-5p, miR216a-5p, miR375-3p, and miR212-3p. To
this end, the present study provides a foundation for a novel,
comprehensive single cell analysis approach to better understand
the role of miRNAs as translational regulators in two distinctly
different inducible rat models of acute pancreatitis.

P422
Microsampling Blood Collection Technique in
Juvenile Rodent Studies
M. Felx1, B. Heroux1, K. Robinson1

Charles River Laboratories Montreal ULC, Senneville, QC, Canada

1

Toxicokinetic (TK) assessments are important components of
juvenile toxicology studies to allow appropriate interpretation
of results as required in ICH, US FDA, and EMA guidance. Agematched rodent models (rats and mice) are frequently the species
of choice for juvenile toxicology studies. The total blood volume
present in this size/age of animals presents challenges when
using traditional blood sampling techniques and often requires
that sampling be performed as terminal procedure or the pooling
of samples from several pups to provide sufficient volume of
blood for analysis. Advances in bioanalytical technology have
allowed the potential to use smaller blood sample volumes.
Microsamples are defined as a volume of up to 50 µL. To decrease
animal use and improve the quality of data, a nonterminal
microsampling technique permitting sampling over multiple
occasions from the same mouse or rat pups was developed. CD-1
mice and Crl:CD(SD) Sprague Dawley rats were sampled using a
butterfly connected to a syringe. The butterfly was premarked
to identify target volume and blood withdrawn from the jugular
vein. The microsampling technique using conscious, nonterminal
blood sampling was successfully validated in mouse pups at Day
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Animals were dosed with Pentylenetetrazol to determine the
sensitivity of the model, with video monitoring, EEG and ECG
waveforms, and BP collected continuously for a minimum of 24
hours. Pentylenetetrazol administration induced location-specific
prodromal EEG and frank seizures and the direct impact on ECG
morphology and blood pressure could be assessed concurrently.
These results demonstrate that EEG and ECG/BP assessments can
be conducted in parallel, reducing the need for multiple studies,
while the addition of a third EEG lead increases the sensitivity of
the model to detect seizures. This model may provide application
to distinguish suspected hypoxia driven syncope from a true
seizure.
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7 postpartum (pp) and rat pups at Day 4 pp. Repeat sampling was
also possible when volumes remained within allowable limits.
These techniques allowed the reduction of the animal usage by
up to 50% by removing satellite TK animals, provided a complete
TK profile from a single animal, and allowed 2 of the 3R objectives
to be directly implemented on routine studies: reduction and
refinement.

P423
Minimizing the Unpredictability of Flow Cytometry
Gating Modifications on Lymphocyte and T Cell
Summation Acceptance Criteria for Canine Whole
Blood Immunophenotyping
M.P. Shea1, A.L. Rowse2, A.M. Frantz1
Covance Laboratories Inc., Madison, WI, USA, 2Covance Laboratories
Inc., Greenfield, IN, USA

1

Flow cytometry is a preferred method when performing
immunophenotyping for safety assessment and clinical
diagnostics. Due to the multivariable nature of flow cytometric
analysis, appropriate quality checks are often used as acceptance
criteria to confirm the reliability of data. Lymphocyte summation
(LSUM) and T cell summation (TSUM) are two common examples
of criteria that display the respective proportion of identified
lymphocytes and T cells within a sample. Many experimental
factors (e.g., antibody/clone selectivity, lyse/wash conditions)
govern the robustness and accuracy of these two acceptance
criteria. Additionally, the final gating strategy utilized for flow
cytometry data analysis is a critical component in determining
LSUM and TSUM values. Using data acquired from a newly
validated in-house canine immunophenotyping method that
delineated T and B cell subsets using antibodies against CD45,
CD3, CD4, CD8, and CD21, we calculated LSUMs and TSUMs
comparing a variety of different plausible gating strategies. We
found that LSUM values were particularly sensitive to small
changes in gate shape when lymphocytes were gated on a CD45
versus side-scatter plot. Conversely, LSUMs were less sensitive
to small gating changes when lymphocytes were gated using
forward versus side-scatter characteristics. TSUM values were
relatively unchanged through all gating strategies tested. Our
findings suggest that careful consideration of gating strategy is
critical to achieve robust and repeatable results, as monitored
with LSUM and TSUM acceptance criteria, when performing
immunophenotyping analysis.
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Detection of Peripheral Blood Foxp3+ Regulatory
T Cell Population in a Preclinical Setting
M. Patel1, A. Wong1, J. Lindsay1
Altasciences Preclinical Seattle LLC, Everett, WA, USA

1

blood. This is due to difficulties involved in Foxp3 staining
and relatively rare presence of Treg cells in peripheral blood.
To alleviate these concerns, we developed a method that can
reproducibly detect a large number of Treg cells in 250ul of
whole peripheral blood of cynomolgus monkeys; this allows
effective evaluation of therapies designed to characterize or
deplete Treg cells. In animals analyzed using our developed
method, the Foxp3+ Treg population ranged from 2.1% to as
low as 0.2% of total lymphocyte population. Nonetheless, our
method was reliably able to detect up to 21,500 Foxp3+ Treg
cells in peripheral blood. The results were confirmed using an
extracellular method of detecting Treg population characterized
as CD3+CD4+CD25+127low. Our method provides a reproducible
way of detecting Foxp3+ Treg cell population in cynomolgus
monkeys and presents a unique opportunity of studying
modulation of the Treg cell population in vivo.

P425
Urine Quantitative Analysis of 26 Novel Fentanyl
Analogs and Metabolites by LC-MS/MS and Its
Clinical Significance
M. Akhtar1, M. Ficurilli1, L. Pham1, M.B. Homme1
Acutis Biosciences, East Northport, NY, USA

1

Fatalities caused by opioid overdose continue to rise in the
United States without a sign of abating. An increasingly growing
portion of these deaths involves synthetic opioids, especially
fentanyl and its structural analogs. In 2017, they were responsible
for more than 28,000 deaths, surpassing the number of deaths
due to heroin and prescription opioids. Synthetic opioids are
an increasingly major public health hazard requiring attention
from many fields, including clinical toxicology laboratories.
Our laboratory has, in response, developed and validated an
analytical method for the analysis of the 26 novel fentanyl
analogs in urine. Chromatographic separation and detection
were achieved using an Agilent Technologies 1290 liquid
chromatograph coupled with an Agilent 6460-triple-quadrapole
mass spectrometer with a jetstream electrospray source. Linearity
for all analytes was established along the range of 0.01–20 ng/mL.
The limit of detection for all analytes in urine ranged from 0.01 to
0.025 ng/mL. This method has shown to be selective and specific,
providing no evidence of carryover or interference concerns.
Finally, approximately 500 clinical samples were submitted for
analysis. Of those samples, 97 samples were positive for 11 distinct
fentanyl analogs that would have avoided detection in routine
clinical analyses. It is worth emphasizing that carfentanil and its
major metabolite, norcarfentanil, were detected in one clinical
sample. Incorporating this sensitive and highly specific method
into the workflow will allow clinical toxicology laboratories to
more effectively assist clinicians in mitigating the public health
hazard due to fentanyl and its analogs.

Research focused on T regulatory (Treg) cells has seen an increase
for immunotherapy treatments designed to treat various
malignancies. For instance, studies in humans and animal models
have shown that by suppressing tumor immunity, Tregs can
prevent the host immune system from detecting and controlling
tumor growth. As a result, interest in targeted depletion
of Treg cells has also increased in preclinical and clinical
settings. However, it is difficult to quantify and characterize
the naturally occurring Treg population characterized as
CD3+CD4+ CD25+Foxp3+ using flow cytometry in peripheral
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Intra-articular Injection: Compartmental Dosing
and Species Selection
T. McKinnon1, J. Douville1, J. Sweet2, M.M. Laffins3, A. Varela1,
N. Doyle1
Charles River Laboratories Montreal ULC, Senneville, QC, Canada,
Charles River Laboratories, Mattawan, MI, USA, 3Charles River
Laboratories, Reno, NV, USA

1

2

Intra-articular injections into the knee joint of preclinical models
for assessment of drug candidates to evaluate local efficacy or
safety risks present challenges due to lesser compartment size
in these animal models than encountered clinically. For safety
assessment, multiples of clinical dose also need to be considered,
presenting further challenges. To this effect, tolerance of
injected volumes in the knee joint was evaluated in different
species (mouse, rat, rabbit, cynomolgus monkey, beagle dog,
sheep). Intra-articular injections of a radiolucent material
were performed under anesthesia to evaluate radiologically
the acceptable dose volume without extra-articular leakage.
Methods for collection of synovial fluid (via lavage) were also
established. The following volumes were considered acceptable
for intra-articular injection for the tested species: 0.006 mL in
mice, 0.1 mL in rats, 1 mL in rabbits, 0.6 mL in monkeys, 2 mL
in dogs, and 4 mL in sheep. Similar volumes of lavage solution
can be administered to ease synovial fluid collection. In general,
the volume collected after lavage is slightly less than 50% of the
volume injected. These data allow a good estimation of the knee
joint space in the different species. These volumes were also
considered acceptable from a histopathological perspective with
generally slight changes consistent with injection procedures
seen. Overall these data can be used for comparison with human
joint space and provide a good range of acceptable animal
species to be considered for dose level and species selections for
use in safety assessment of therapeutic agents for intra-articular
administration.

P427
Use of Thromboelastography (TEG) in Preclinical
Studies
N. Lalayeva1, K. Thrall1
Altasciences Preclinical Seattle LLC, Everett, WA, USA

1

Preclinical drug development focused on coagulation will
typically include frequent analyses of hematology and
coagulation. In addition, thromboelastography (TEG) is useful to
monitor clot strength and fibrinolysis and to help to diagnose
platelet dysfunction and hypercoagulability. TEG must be
initiated shortly following blood collection; thus, it is essentially
a point-of-care technique. In practice, whole blood is collected
in sodium citrate and an aliquot of citrated blood is added to a
vial containing Kaolin. The Kaolin mixture is then pipetted into a
disposable TEG cup and analyzed on a calibrated machine. The
resulting TEG tracing provides data on the rate of clot formation
(alpha-angle), time to achieve a certain clot strength (K), time to
initial fibrin formation (R), overall stability of the clot (MA), and
decrease in stability of the clot at 30 or 60 min (LY30 or LY60).
TEG analysis has been utilized in preclinical studies focused
on bleeding disorders and platelet dysfunction in multiple
large animal models and correlated well with conventional
hematology data. For example, a TEG tracing illustrating
long R and K times and low alpha-angle and MA suggestive
American College of Toxicology 40th Annual Meeting 2019

of thrombocytopenia directly correlated with decreased
platelet counts. The long R time suggestive of a deficiency in
clotting factors was compared to measured levels of individual
coagulation factors. Data indicate that coagulation factors VIII,
XI, XII, and XIII were markedly altered during the critical point
of thrombocytopenia. These data support the continued use
of multiple approaches to evaluate the coagulation cascade to
provide the most meaningful interpretation.

P428
Optical Noninvasive Detection of Lysosomal Lipid
Accumulation In Vitro and in Kupffer Cells In Vivo
P.V. Jena1, R.E. Schwartz2, D.A. Heller1
Memorial Sloan Kettering Cancer Center, New York, NY, USA, 2Weill
Cornell Medicine, New York, NY, USA

1

Drug-induced phospholipidosis (DIPL) is a condition
characterized by the excessive accumulation of drug,
phospholipids, and cholesterol in the lysosomal lumen that
may occur in multiple organs but is most often seen in liver
and lungs. DIPL is a subset of drug-induced liver injury (DILI),
a major cause of phase 1 failure, black-box warnings, and
post-market withdrawal. The links between DIPL and druginduced toxicity are not well understood, and DIPL is seen as an
adverse finding from a regulatory perspective; this may cause
pharmacologically active drugs to fail in later animal or early
preclinical studies. We have engineered an optical nanosensor
for detecting lipids. Based on a biocompatible single-walled
carbon nanotube scaffold, the functionalized nanomaterial is
100 nm long and 1 nm wide, with intrinsic fluorescence emission
in the near-infrared (1100 nm). In live cells, the endocytosed
nanosensor localizes to the endolysosomal lumen and can
be used to visually quantify the kinetics of lysosomal lipid
accumulation with single cell resolution and assay subcellular
heterogeneity in the lysosomal lipid content. The nanosensor
localizes exclusively within the endolysosomal organelles of
Kupffer cells following intravenous injection, where the nearinfrared emission can be directly detected through the intact
mouse body. The nanosensor dynamically monitored the DIPL
phenotype in live mice over several weeks, with short-term
kinetics measured at 30-minute time intervals. We propose
that integrating this lipid nanosensor into the in vitro and
in vivo research workflow can significantly widen and accelerate
preclinical pipeline while reducing the number of animals
sacrificed.

P429
Using Pathology Findings to Improve Animal
Welfare and Toxicology Study Quality
R.R. Hukkanen1, K.G. Nelson2, N. Dybdal3, P.V. Turner4

Eisai, Inc., Cambridge, MA, USA, 2Charles River Laboratories, Mattawan,
MI, USA, 3Genentech, South San Francisco, CA, USA, 4Charles River
Laboratories, Wilmington, MA, USA
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Responsibility for promoting and enhancing the 3Rs
(replacement, reduction, and refinement) in toxicology
research rests with all individuals working with animals. The
study pathologist can be a powerful advocate for animal welfare
by working collaboratively with animal care personnel at all
levels. Veterinary clinical and anatomic pathologists contribute
to key discussions during toxicology study planning but also
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can provide important recommendations for refinements to
toxicology SOPs and institutional practices based on day-to-day
observations in their work. Veterinary pathologists are ideally
positioned to recognize opportunities for improvement in
husbandry practices and study designs. A series of case examples
are provided to demonstrate how veterinary pathology findings
can be used to improve toxicology study quality through
animal welfare refinements. Examples include potentially
confounding study lesions in mice related to ulcerative dermatitis,
pododermatitis in dogs held on raised floors, potential test article
immunosuppression concerns in nonhuman primates, intranasal
epithelial ulceration in rats, dosing irregularities in rodents, and
refinement of intramuscular dosing in minipigs. In all cases,
further investigations, discussions, and practice refinements
permitted veterinary pathologists to tease out, reduce, or
eliminate potentially inaccurate or confounding study results.
Encouraging open discussions about challenging pathology
issues that arise periodically in the course of toxicology research
can ultimately improve animal welfare and toxicology study
quality.

P430
Ongoing Validation of the Liver Micronucleus Assay
R. Kulkarni1, S. Bruce1, M. Young1, S. Roy1
BioReliance Toxicology Testing Services by MilliporeSigma, Rockville,
MD, USA
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The in vivo micronucleus (MN) assay is performed to assess
genotoxic potential in rodents. Since liver is the major
site of metabolism and many genotoxicants may act as
hepatocarcinogens, detecting genotoxicity in the liver is an
effective approach to predict hepatocarcinogenicity. Although
MN assessment in other tissues has been attempted, it was
limited by either complicated methods or lack of integration
into other in vivo genetox assays. BioReliance Toxicology Testing
Services is participating in a ring trial with Litron Labs to develop
a high content flow cytometry–based rat river MN assay. Under
this ring trial, BioReliance has thus far tested 2 compounds,
Diethylnitrosamine (DEN), a liver specific genotoxicant, and
1,2-Dimethylhydrazine-2HCl (1,2-DMH), a known carcinogen. In
these studies, 4–5 weeks old rats were administered DEN or 1,
2-DMH for 3 consecutive days. On Day 4, peripheral blood was
collected to measure MN in reticulocytes. On Day 7, animals were
euthanized to collect left lateral liver lobes. The liver lobes were
processed to prepare single cell suspensions and MN were labeled
for flow cytometric analysis. A fraction of the liver cells was used
to prepare slides for comparative manual scoring. We observed a
statistically significant increase in the liver MN frequency in both
DEN and 1,2-DMH. We also observed that only the frequency of
liver MN was increased but not for blood MN. The simultaneous
analysis of liver and blood MN could be a valuable tool to study
liver specific genotoxicants that may be missed when analyzing
micronucleus in the blood reticulocytes only.

P431
Intratracheal Administration in Juvenile Sprague
Dawley Rats
J. Laporte1, H. Mirsadeghi1, A. Fotovati1, K. McInally1, P. Aughton1
ITR Laboratories Canada Inc., Baie-D'Urfé, QC, Canada

1

Data generated from juvenile toxicity studies can contribute
to the assessment of potential drug toxicity in the pediatric
population that is not adequately assessed in reproductive
toxicity risk assessments and standard toxicology studies. Direct
intratracheal administration is a highly effective pulmonary
delivery route bypassing first-pass metabolism and permitting a
direct and local delivery of a small amount of drug to the lungs.
The objective was to establish a single and repeat intratracheal
administration of saline in juvenile Sprague Dawley rats at 4, 10,
and 14 days of age. Prior to intratracheal administration of saline,
each juvenile rat was anesthetized by inhalation of an isoflurane
/oxygen mixture. The tracheal opening was located in rats using
the transillumination method. Saline (≤1 mL/kg) was delivered
using a Penncentury Microsprayer or a feeding needle (24G X
1cm). To confirm the intratracheal dosing procedure, some rats
were dosed with Evan’s blue dye mixed in saline and determined
in lungs at necropsy. Rats were dosed once or daily with saline for
5 consecutive days. Mortality, clinical signs, and body weight were
monitored after dosing. Rats were euthanized upon completion
of dosing and blood was collected via cardiac puncture. Lung
weight was measured and bronchoalveolar lavage was collected.
Rats survived a single and repeated dose of saline using the transillumination method with a Penncentury Microsprayer or feeding
needle administration with minimal clinical signs. In addition,
dose volume, body weight, and blood and bronchoalveolar
volumes will be used as a reference for future juvenile toxicology
studies.

P432
Characterization of a Proinflammatory Response in
Cynomolgus Monkeys Using a 17 Cytokine Multiplex
Assay
A-M. Downey1, R. Genard1, R. Riffon1, C. Li1, R. Tavcar1, I. Boulay1,
S. Authier1
Citoxlab, a Charles River Company, Laval, QC, Canada

1

Cytokine profiling has become common in toxicology studies
involving immunomodulating agents. Sample volume
requirements often represent a challenge in laboratory animal
species including nonhuman primates owing to competing
assays, including toxicokinetics, clinical chemistry, hematology,
and occasionally anti-drug antibodies. The cytokine response to
lipopolysaccharide (LPS) (20 µg /kg, IP, Escherichia coli O127:B8)
was characterized by monitoring 17 cytokines at baseline, 1h, 2h,
6h, and 24h post-challenge in telemetered cynomolgus monkeys
(n=8) using a Luminex multiplex assay. Plasma samples, control
and standard were incubated for 2h at room temperature in a
96-wells plate with precoated magnetic beads with either one of
the anti-analyte antibodies. Samples were then incubated with a
biotinylated detection antibody for 1h before adding streptavidinphycoerythrin (PE) conjugate for 30min. After washing steps,
using magnetic plate separator, samples were resuspended in
Drive Fluid and read using MAGPIX system. Median Fluorescent
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Intensity (MFI) data were analyzed using a 4-Parameter Logistic
(4-PL) curve fit for interpolating each analyte concentrations in
the samples. The minimum volume required per sample was
20µL for analysis in duplicate using a Minimum Required Dilution
(MRD) of 1/3. Significant increases were noted for all cytokines
but with differences in time to peak levels for GM-CSF (2h), G-CSF
(2h), IFN (2h), IL-2 (6h), IL-10 (1h), IL-17A (1h), IL-1ra (2h), IL-13
(6h), IL-1b (2h), IL-4 (6h), IL-5 (1h), IL-6 (2h), IL-8 (2h), MCP-1 (2h),
TNFa (1h), MIP-1b (1h), and IL-12(p40) (6h). This assay appeared
suitable for cytokine profiling in toxicology studies involving
cynomolgus monkeys.

P433
Effect of Housing on Stress-Related Parameters
in NHPs
T. Rogers1, V. Bunker1, B. Darimont2, R. Burke2, A. Tenney1,
K. Kraszewski1, S. Nechev1
Altasciences Preclinical Seattle LLC, Everett, WA, USA, 2Avidity
Biosciences, La Jolla, CA, USA

1

AIRA MATRIX, Thane, Maharashtra, India

1

Histopathological study of animal tissue sections is a crucial part
of preclinical toxicology studies. Each study includes microscopic
examination of a large number of histopathology slides,
making it a challenging and time-consuming task. Moreover,
the outcome is subjective to experience and expertise of the
pathologist. An automated system for analysis and classification
of whole slide images (WSI) from preclinical toxicology studies
into “normal” and “not normal” can lead to faster turnaround
with increased objectivity, accuracy, and precision of results. An
automated classification (tissue triage) system is proposed using
histopathology tissue images of Wistar rats aged 14, 24, and
36 weeks. This system is based on customized variants of deep
Convolutional Neural Network (CNN) and image processing
algorithms. For every organ, training data consisted of 500 tiles
from 10 animals with various tissue parameters annotated at
requisite magnifications. A case study on 492 WSI of the five
organs was carried out to compare algorithm results with manual
evaluation results by pathologist. Comparative case study results
exhibited high concordance between developed system and
expert pathologist. The validation of the proposed algorithms
for five major organs viz. liver, lung, kidney, testis, and heart
showed sensitivity of 96.58%, 94.73%, 91.66%, 100%, and 100%;
and specificity of 100%, 96.93%, 81.30%, 93.10%, and 98.71%,
respectively. Comparative performance analysis indicates that
the proposed system can act as an effective decision support
system optimizing preclinical toxicology study reporting with
potential for future development as a diagnostic tool.

Abstracts

In preclinical studies, it is important to reduce animal stress,
both for animal welfare reasons and to minimize the impact on
toxicologic parameters. Effects of stress on in-life parameters
(body weight, food consumption), clinical pathology (white
blood cell and differential counts), organ weights (endocrine,
immune, reproductive), and histopathology (lymphoid, GI tract)
are well documented. Myostatin (MSTN), a member of the TGF-β
superfamily, is a negative regulator of muscle deposition and has
been shown to increase in response to psychological stress in
mice; increased MSTN correlated directly with decreased muscle
mass. Plasma levels of MSTN were measured in 15 young adult
male cynomolgus monkeys during a two-week period of housing
in standard four packs (pairs and trios) and after transfer into
gang housing enclosures (three animals per cage) that meet or
exceed EU standards. Average MSTN levels in standard housing
ranged from approximately 3,900 to 7,100 pg/mL, and in gang
housing from 1,700 to 5,000 pg/mL. On an individual animal
basis, average MSTN levels decreased by 10%–32%, suggesting
potential stress reduction in the gang housing setting. The
significance of this change in MSTN levels is unknown. Potential
correlation with other stress-related parameters, including body
weights, clinical pathology, and behavioral evaluations, was
assessed. The specific benefits of gang versus standard housing
were examined to better understand the manifestations of stress
in a laboratory environment that are relevant to toxicology study
outcomes.

P434
Artificial Intelligence–Based System for Analysis and
Classification of Histopathology Whole Slide Images
of Wistar Rat Organs
G.S. Singadkar1, U.Y. Joshi1, R.A. Ugalmugle1, A.K. Hajra1
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The Methanol Stem Extract of Moringa oleifera
Mitigated Isoproterenol-Induced Myocardial
Infarction through Cardiac Troponin and NF-κB
Signaling Pathways in Rats
A.A. Adedapo1, O.T. Asunloye1, B.J. Adeoye1, O.O. Falayi1,
B.S. Ogunpolu1, A.A. Oyagbemi1, T.O. Omobowale1
University of Ibadan, Ibadan, Oyo, Nigeria

1

In recent times, there has been an increase in the quantum of
chemicals and environmental pollutants that cause cardiotoxicity.
These exposures lead to defects in cell function and structure,
as well as alterations in different biochemical pathways, and
pathogenesis of the affected organ. Medicinal plants are said to
have a protective effect against toxicants and are considered safe
with no or mild side effects. This study was designed to describe
the protective effect of methanol stem extract of Moringa oleifera
on isoproterenol-induced myocardial infarction in rats. Thirty-five
adult male Wistar rats were randomly divided into five groups
of seven animals each. Control received distilled water alone;
untreated group received single Isoproterenol (100 mg/kg)
subcutaneously; and two groups were pretreated orally with 50
and 100 mg/kg of Moringa oleifera extract respectively for seven
days and then injected with a single Isoproterenol (100 mg/
kg) subcutaneously on day eight. Another group received oral
administration of Moringa oleifera alone at 100 mg/kg for seven
days. Twenty-four hours after Isoproterenol was administered,
blood pressure and electrocardiogram values were taken. Serum
and cardiac homogenate analysis revealed that isoproterenol
induced significant increases in creatine kinase myocardial band,
nitric oxide, malondialdehyde, protein carbonyl, myeloperoxidase,
advanced oxidative protein products, alongside a decrease
in superoxide dismutase, reduced glutathione, glutathione
peroxidase, and an increase in the expression of cardiac troponin
1 and NF-κB with immunohistochemistry. Treatment with Moringa
oleifera at doses used brought on a reversal of these. Collectively,
these submit that Moringa oleifera exerts its cardioprotective
effect via antioxidant/NF-κB/cardiac troponin signaling pathways.
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Assessment of the Sensitivity of a Newly Developed
Cynomolgus Monkey Cytotoxic T Lymphocyte
Activity Assay to Various Immunomodulatory
Agents and Mechanisms In Vitro
B. Frank1, H. Lebrec1, X. Wang1
Amgen Inc., South San Francisco, CA, USA

1

The immunotoxic potential of drug candidates is assessed
through the examination of results from a variety of studies
and endpoints and, if deemed necessary based on causes for
concern, additional functional assays. CTL activity impairment
by immunomodulatory agents is recognized to be a contributor
to decreased antiviral defense and increased cancer risk. We
developed a BiTE-molecule-mediated CD8+ CTL activity assay
that is applicable to both in vitro and ex vivo experimentation in
nonhuman primates in the context of toxicology studies. While
an ex vivo analysis of long-term studies focuses on the chronic
impact on CTL function, the in vitro analysis captures an acute
effect in the presence of the drug. Here we describe the sensitivity
of the CTL activity assay to various immunomodulatory

therapeutics targeting multiple pathways and mechanisms
in vitro. The assay demonstrated immunosuppression with
corticosteroids, and inhibitors of Janus kinases (JAK), mTOR,
phosphodiesterase, purine and pyrimidine synthesis, and
calcineurin. Conversely, the immune checkpoint inhibitors
tested enhanced the BiTE-molecule-mediated CTL activity.
The agents that did not acutely influence CTL activity at all
concentrations evaluated were inhibitors of TNF, IL-6R, IL-12/IL23p40, CD28-CD80/86 costimulation, sphingosine-1-phosphate
(S1P) receptors, and alpha-4 integrins. Since the BiTE-moleculemediated T cell activation acts independently of traditional
MHC-I antigen presentation and requires less of costimulatory
molecules, this unique mechanism of action is likely to
prove insensitive to certain pathways. Taken together, our
in vitro results demonstrate this assay to be sensitive to some
immunomodulatory agents in a mechanism-specific manner.

P503
Juvenile Animal Study in Rats with the Aromatase
Inhibitor Letrozole Administered for 9 Weeks,
including Recovery and Reproductive Phases
C.J. Murphy1, M.A. Dorato1, S.Y. Goodnight1, A. Arepalli1,
J.W. Henck2
BASi Gaithersburg, Gaithersburg, MD, USA, 2Toxicology Solutions
Consulting LLC, Leeds, UT, USA

1

The aromatase inhibitor letrozole produces adverse effects on
growth, skeletal development, sexual maturation, behavior,
and reproductive anatomical and functional parameters when
administered to rats during postnatal maturation, primarily
through anti-estrogenic properties. Letrozole was utilized as
a positive control to support validation of a juvenile animal
toxicology program. Sprague Dawley rats from untreated dams
were administered vehicle (0.5% methylcellulose) or 0.05, 0.3, or
2.0 mg letrozole/kg once daily via oral gavage from postnatal
days (PND) 4 through 70. They were evaluated for alterations of
general toxicology/core endpoints, developmental landmarks,
clinical and anatomic pathology, reproduction, and neurological
development. The most prominent treatment-related effects
were attributed to letrozole pharmacology. Body weight and
weight gain of letrozole-treated animals were affected in all dose
groups, being significantly lower in males and higher in females
than concurrent controls. Sexual maturation and reproduction
were also affected in all letrozole groups. Vaginal opening was
delayed by 3–4 days, and irregular estrous cycles occurred in
30%–100% of females. Following cohabitation on PND 90 with
males from the same dose group, all control females mated
and were confirmed pregnant, while in females administered
letrozole, mating indices were 0%, 11%, and 0% at 0.05, 0.3, and
2.0 mg/kg/day, respectively. Mean uterus weights were decreased
at all letrozole doses, consistent with the microscopic finding of
mild or marked uterine atrophy. Reproductive endpoints were
within normal limits for males. Results of this study demonstrated
juvenile toxicity consistent with known effects of letrozole.
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Nonclinical and Clinical Safety of Modified Virus
Ankara (MVA)–Based Immunotherapy Products
Targeting Cancer and Infectious Diseases
C. Spring Giusti1, G. Lacoste1, A. Tavernaro1, L. Laruelle1,
E. Quemeneur1
Transgene S.A, Illkirch-Graffenstaden, France

1

Transgene is developing specific MVA-based immunotherapy
products targeting the tumor-associated MUC-1 antigen
(TG4010) and Human Papilloma Virus (HPV)16 E6-E7 oncoproteins
(TG4001) in cancer indications. A therapeutic MVA vaccine
expressing hepatitis C antigens (TG4040) was stopped after a
phase II. Taken together, Transgene has a very strong safety
record in animal and human mainly after local administration
of MVA for long-term treatment periods. The toxicity profiles of
TG4010, TG4001, and TG4040 were first investigated in more than
500 animals (mice, rats, rabbits, and primates) following single
and/or repeated administrations. All MVA constructs were well
tolerated. Hematology and histopathology did not reveal any
signs of potential immunotoxicity, alteration in immune system
organs (e.g., thymus, spleen, lymph nodes, and bone marrow), or
sign of amyloidosis. Minor local reactions were observed at the
injection sites. In addition, TG4001 did not show any maternal
toxicity or adverse effects on embryo-fetal or pre- and postnatal
development. To date, 800 patients received at least one dose
of MVA-based product, regardless of the indication and/or the
route of administration. Tolerance of MVA immunotherapeutics
was good and side effects mainly consisted of injection site pain
and influenza-like symptoms. The well-established tolerance
of recombinant MVA both in animal and human along with the
scientific rationale to combine MVA-based immunotherapeutics
with anti-PD1 or anti-PDL1 supported the ongoing evaluation
of TG4010 in combination with Nivolumab and TG4001 in
combination with Avelumab. MVA could also be assessed as a
potential safe platform for patient specific neoantigen directed
immunotherapy.

P505
The Use of Emerging Safety Biomarkers in
Nonclinical and Clinical Safety Assessment—The
Current and Future State: An IQ DruSafe Industry
Survey
D.A. Dalmas1, J. Burkhardt2, J-C. Gautier3, J. Harding4, M. Singer5,
L. Ramaiah6, W.J. Reagan2, A.E. Schultze7, J. Smith8, T. Zabka9
GlaxoSmithKline, Collegeville, PA, USA, 2Pfizer, Groton, CT, USA,
Sanofi, Paris, Vitry-sur-Seine, France, 4AstraZeneca, Hertfordshire,
Stevenage, United Kingdom, 5Janssen, San Diego, CA, USA, 6BristolMeyers Squibb, New Brunswick, NJ, USA, 7Eli Lilly and Company,
Indianapolis, IN, USA, 8Boehringer Ingelheim, Ridgefield, CT, USA,
9
Genentech Inc, South San Francisco, CA, USA

1

3

Successful implementation of emerging safety biomarkers
(ESBs) can potentially accelerate drug development (DD).
Because translatable biomarker utilization by pharmaceutical/
biotech companies is often undisclosed, the true impact on
DD remains unclear. The IQ DruSafe Biomarker Working Group
conducted a survey of large, midsized, and small companies to
assess the current and future state of ESBs found in biofluids
(i.e., protein-, activity-, metabolites-, miRNA/mRNA-biomarkers).
Sixty seven questions were designed to determine current use
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in the nonclinical and clinical space, identify opportunities
and gaps or barriers to greater implementation, understand
impact on advancement of DD, and benchmark perspective on
regulatory acceptance. There was general agreement (regardless
of company size) regarding percent of companies indicating
current use of ESBs in the nonclinical and clinical spaces, use
in non-GLP and GLP studies, and use for forward and reverse
translation; however, frequency of use varied. Inclusion of ESBs
in Investigational New Drug applications, although limited,
was similar across companies. For the future state, there is
agreement of a need for broader application in both nonclinical
and clinical phases of DD and a need for more robust science
balanced with practical approaches to evaluate strengths and
weaknesses of ESBs. Additionally, there is a need for increased
cross-industry collaborations to develop well-validated assays
and decrease the time/resources required for ESB development.
For increased biomarker acceptance, value of clear written
criteria by health authorities was identified. Overall, the survey
highlights similarities and differences across companies and
offers suggestions to improve use and implementation of ESBs
for the advancement of DD.

P506
Safety Profile of Calicheamicin and Calicheamicin
ThioMab Antibody Conjugate in Rats
F. Zhong1, M. Schutten1, T. Lin1, B. Vollmar1, T. Pillow1,
M. McDowell1, C. Frantz1
Genentech, Inc., South San Francisco, CA, USA

1

Calicheamicin is a class of antitumor antibiotic cytotoxin that
is 4000X more potent than doxorubicin, a common antitumor
cytotoxin used in cancer therapy. Calicheamicins target DNA
and cause strand scission. We evaluated the potential for use
of calicheamicin as part of an antibody drug conjugate (ADC)
for the treatment of cancer. Currently, gemtuzumab ozogamicin
(GO), a calicheamicin ADC to anti-CD33, and ainotuzumab
ozogamicin (IO), a calicheamicin ADC to anti-CD22, have been
approved for relapsed or refractory myeloid leukemia and
B-cell precursor acute lymphoblastic leukemia, respectively.
Main toxicities of GO/IO in the clinic are hepatotoxicity with
veno-occlusive disease (VOD), increases in liver enzymes,
thrombocytopenia, and neutropenia. Here, we describe the
use of THIOMAB antibody technology (TDC) to try to improve
the nonclinical safety of ADCs and to more fully understand the
mechanism of the cytotoxic payloads action to allow for better
optimization. In our study, we tested free calicheamicin or antiCD22-calicheamicin using the ThioMab conjugation in rats. Rats
were dosed with single dose of free calicheamcin up to 0.1 mg/
kg, or anti-CD22-calicheamcin-TDC up to 10 mg/kg weekly for
2 doses. A single dose of calicheamicin was not tolerated at 0.1
mg/kg, with the main target organs being the bone marrow, GI,
and lymphoid tissues. Repeat dose of anti-CD22-calicheamicin
was well tolerated up to 10 mg/kg QW x 2. The major target
organs of toxicity were the bone marrow and lymphoid tissues.
In conclusion, calicheamicin antibody conjugate was better
tolerated than that of free calicheamicin at equivalent payload
dose levels.
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P507
In Vivo Assessment of Antibody-Dependent
Enhancement of Influenza B Infection
G.K. Rao1, R.A. Prell1, S.T. Laing1, S.C.M. Burleson2, A. Nguyen1,
J.M. McBride1, C. Zhang1, D. Sheinson1, W.G. Halpern1
Genentech, Inc., South San Francisco, CA, USA, 2Burleson Research
Technologies, Inc., Morrisville, NC, USA
1

A theoretical safety concern proposed in the influenza literature
is that therapeutic antiviral antibodies could have the potential
for antibody-dependent enhancement (ADE) of infection
and disease. ADE may occur when virus-specific antibodies at
subtherapeutic, non-neutralizing concentrations facilitate virus
uptake and, in some cases, enhance replication, which can lead
to an exacerbation of virus-mediated disease. Alternatively, ADE
may occur due to antibody-dependent complement activation
exacerbating virus-mediated disease in the absence of increased
replication. As a result of this theoretical safety concern, safety
assessment of anti-influenza antibodies may include an in vivo
evaluation of ADE of infection and/or disease. The current studies
were conducted to investigate the potential of MHAB5553A,
a broadly specific, neutralizing therapeutic anti-influenza B
antibody, to elicit ADE of infection and disease in mouse models of
influenza B infection. In parallel studies, female DBA/2J mice were
infected with either influenza B/Victoria/504/2000 or influenza
B/Brisbane/60/2008 representing distinct lineages. Assessment
of ADE was based on an integration of results from multiple
endpoints, including infectious lung viral titers and genomes,
body weight, mortality, lung weight, and histopathology. In
these studies, the high dose of 15 mg/kg MHAB5553A resulted
in substantial attenuation of influenza pneumonia, with more
modest effects at 1.5 mg/kg, whereas MHAB5553A treatment
at 0.15 or 0.015 mg/kg was generally comparable to vehicletreated controls. Our results demonstrate that MHAB5553A
across a broad range of doses did not enhance primary influenza
B infection or disease in this model and represent a nonclinical
de-risking of the ADE potential with this antibody.

P508
Methods for Safety Assessment of a Topical Wound
Therapy Ointment as a Medical Device
M.T. Finneran1, B. Yasso2, S.C. Gad3, B.J. Varsho2, G.L. DeGeorge2
Mark Thomas Finneran, MD, Inc., Wooster, OH, USA, 2MB Research
Laboratories, Spinnerstown, PA, USA, 3Gad Consulting Services,
Raleigh, NC, USA
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The US FDA Center for Devices and Radiological Health (CDRH)
has precedent for classifying topical wound therapies as Class
II medical devices. As a result of classification of this topical
wound therapy ointment as a blood path indirect, external
communicating medical device, CDRH required a materialmediated pyrogenicity test and a study to evaluate effects
after subcutaneous implantation. Because administration of a
viscous ointment intravenously to rabbits was not appropriate
for pyrogenicity testing, an atypical extraction scheme was
employed. The ointment was spread in a thin layer over the
bottom of sterile borosilicate glass petri dishes and covered with
extraction solvent (physiological saline [PS]). The ratio of PS to
area was based on the circulating blood and lymph volume to
the total body surface area of an Hra:NZW SPF rabbit. Petri dishes
were agitated and maintained at 37°C for 72 hours. Rabbits were
treated with the PS extract following ISO international standard

10993-12:2012(E). For the subcutaneous implantation study,
sterile Silastic tubing (1.5 mm ID) was filled with the ointment.
Once filled, the tubing was cut into 1 cm lengths for implantation.
For the safety evaluation, each of 10 Crl:CD(SD) rats was
administered one ointment-filled tubing length in a surgically
prepared 1 x 1 cm subcutaneous pocket on the left or right flank,
just off the dorsal midline. Empty tubing was administered in
the same manner to a control group of 10 rats. The implantation
period was 14 days.

P509
Investigation of the Nrf2 Stress Response at Cellular
Level to Detect Compounds Inducing Oxidative and
Electrophilic Stress
H. Gerets1, K. Tilmant1, F. Atienzar1, J-P. Valentin1
UCB BioPharma SPRL, Braine L’Alleud, Waals Brabant, Belgium

1

Drug-induced liver injury (DILI) remains a significant reason for
drug attrition. DILI can be caused by several mechanisms; one
of these is the formation of reactive metabolites (RM) leading to
oxidative and electrophilic stress. Since such event activates NFE2-related factor-2 (Nrf2), it seems relevant to measure the Nrf2
activation. In the present study, Nrf2 activation was evaluated
using two approaches. Firstly, three human hepatocytes donors
and HepG2 cells were exposed to five compounds known
to produce RM and four non-RM-forming compounds. The
expression of seven genes under the regulation of Nrf2 was
measured, enabling the determination of an index considering
the results of the seven genes. Subsequently, the mean index
for the RM-forming and the non-RM-forming compounds was
calculated for each donor, and the midpoint between these two
values was determined, which represents the donor-specific
threshold, and the compounds were classified accordingly. All
three donors obtained a sensitivity of 80% and a specificity
between 75% and 100%. HepG2 cells obtained 80% sensitivity
but very poor specificity of 0%, which makes them less suitable,
compared with human hepatocytes donors, for screening
of electrophilic stress. Secondly, the Antioxidant-ResponseElement-Reporter-Cell Line, AREc32, was exposed to the same
set of compounds in addition to 13 RM-forming and five non-RMforming compounds. Using an arbitrary cutoff of 1.5, a sensitivity
of 78% and a specificity of 88% were obtained. Comparing both
approaches led to the conclusion that acceptable predictive
values and easiness of use make the AREC32 assay more suited
to investigate Nrf2 activation compared with gene expression
approach.

P510
A Comparison of Environmental Assessment
Requirements of New Human Drugs in the US and
the EU
I. Mohar1, T.D. Lunsman1, T. Verslycke2
Gradient, Seattle, WA, USA, 2Gradient, Cambridge, MA, USA

1

Market authorization of new human drugs in both the US and
the EU requires an assessment of potential environmental
impacts. In the US, drug approval is overseen by the US FDA, and
an environmental assessment (EA) is required pursuant to the
National Environmental Policy Act. In the EU, market authorization
is overseen by the European Medicines Agency (EMA), and an
EA is required under Directive 2001/83/EC. Both agencies have
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P511
Safety Evaluation of High Potency Mutagenic
Impurities: A Timely Case Study
J. Cohen1, W. Liu2, M. Jordi2

Gradient, Cambridge, MA, USA, 2Jordi Labs LLC, Mansfield, MA, USA

1

Recently, hundreds of lots of angiotensin II receptor blockers
(ARBs) have been recalled due to the presence of high potency
mutagenic impurities (nitrosamines) found in these products as
a result of a manufacturing process change. Chemical analysis
of such high potency mutagenic impurities can be challenging
due to the high instrument sensitivity and low background noise
necessary to identify these structures, and the very low detection
limits necessary for quantitation. In addition, limitations on
the commercial availability of chemical standards can require
alternative quantitation strategies. We present here a case study
chemical analysis and toxicological evaluation of amino-drug
intermediates prepared via the reduction of aromatic nitro
groups to the corresponding amines. The resulting amino-drug
intermediates were characterized using Quadrupole Time of
Flight Gas and Liquid Chromatography Mass Spectrometry
(QTOF-GCMS and QTOF-LCMS), facilitated using differential
analysis software to identify low-level impurities. Structure
confirmation by nuclear magnetic resonance (NMR) and Fouriertransform infrared spectroscopy (FTIR) was conducted on
isolated impurities. Toxicological review of the resulting nitrosoand azoxy- impurities identified no compound-specific data.
Both the nitroso- and azoxy-compounds fall within the “cohort of
concern” as defined by ICH M7 guidance, for which the standard
Threshold of Toxicological Concern (TTC) may not be sufficiently
health protective. Carcinogenicity data for similarly structured
compounds were therefore used to establish compound-specific
safety limits. This case study illustrates some of the potential
challenges and strategies for chemical analysis and toxicological
qualification of pharmaceutical impurities.
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Toxicologic Risk Assessment of Polyethylenimine
(CAS RN 9002-98-6): A Polymer Commonly Used
for DNA Transfection in the Manufacture of Gene
Therapy Products
J.C. Chang1, S.C. Gad2, J. Zibit1, J.J. Cunningham1
Audentes Therapeutics, San Francisco, CA, USA, 2Gad Consulting
Services, Raleigh, NC, USA

1

With the advancement of gene therapies, developers must assess
the toxicity profile of additives and residuals in products prior to
commercialization. Polyethylenimine (PEI) is a polymer commonly
used in gene therapy manufacturing for DNA transfection. The
chemical structure of PEI impacts its toxicity profile; free PEI
disrupts cells and vesicles, aggregated PEI sequesters proteins,
and branched PEI is cytotoxic. Current assays to measure PEI in
gene therapy products are relatively insensitive, with a lower
limit of detection ~0.1 mg/mL, well above the concentration
commonly used in manufacturing (0.001–0.006 mg/mL for
transfection). Safe administration of gene therapies will require
an assessment of the toxicologic risk of PEI together with a
risk:benefit review for the patient population. We performed
a survey of the toxicity of PEI and determined the thresholds
for permissible daily exposure (PDE) and carcinogenic risk. The
PDE was calculated according to ICH Q3C (R6) 2016. The PDE for
an adult = 2.78 mg/day, for juveniles = 1.12 mg/day, for young
juveniles = 0.56 mg/day, for infants = 0.0196 mg/day, and for
neonates = 0.0084 mg/day. Based on the ICH M7 (R1) 2017, the
threshold for toxicologic concern for a mutagen/carcinogen is set
at 0.12 mg/day. However, a single exposure of PEI, given it is not
retained in the body, might generally be considered to present
minimal risk for carcinogenicity, raising the threshold to 1.12 mg
for juveniles and 2.78 mg for adults. These levels establish safe
benchmarks for developers to ascertain toxicity risks for patients
administered a gene therapy.

P513
Optimized Monitoring of Peripheral Neuropathy on
Preclinical Studies
N. Sadekova1, J. Douville1, K. Norton1, P-A. Robillard1, G. Muhire1,
F. Goulet1, L. Chouinard1
Charles River Laboratories Montreal ULC, Senneville, QC, Canada

1

Peripheral neuropathy is defined by a damage to the autonomic,
motor, and/or sensory nerves. The etiology can be varied:
diabetes, hereditary disorders, inflammatory infections,
autoimmune diseases, or poor nutrition, but may also be an
important side effect of certain classes of drugs, especially
anticancer agents. Given the translatable nature and clinical
significance of this condition, it is critical to characterize nerve
function during the preclinical phase. Nerve conduction velocity
(NCV) has been previously shown to be a sensitive and valid
electrophysiological index of induced neuropathies. In this
study, the objective was to validate the sensitivity of the NCV
assessments in rats with drug-induced neuropathy and to
correlate any effects with histopathological findings. Rats were
treated with cisplatin, vincristine, and pyridoxine following
regimens known to induce nerve damage. Caudal and digital
NCV as well as tibial motor conduction were measured following
treatment. Results showed a deficit in the caudal sensory nerve
following administration of cisplatin, vincristine, and pyridoxine
and a severe loss of function for the digital sensory nerve

Abstracts

published guidance documents outlining EA requirements. While
the EA requirements of veterinary drugs are largely harmonized,
the framework for conducting EAs of human drugs is much
less harmonized. The objective of our analysis was to compare
and contrast the EA framework in the US and EU. We reviewed
current guidance and incorporated recent EA experience. We
identified some general similarities such as the prioritization of
endocrine active drugs, the use of tiered testing frameworks, and
the preference for guideline studies conducted in accordance
with GLPs. However, we identified many important differences in
the US FDA and EMA frameworks, including the production and
use criteria that trigger EAs, the points at which physicochemical
properties are considered, and the specific tests needed to satisfy
EA requirements. For example, in the US, the predicted annual
production volume may qualify a drug for EA exemption, while in
the EU, both the indicated dosage and certain physicochemical
properties must be considered for potential EA exemption. Our
analysis illustrates the need for careful and early planning by
pharmaceutical companies to ensure global EA compliance.
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following administration of vincristine and pyridoxine. A slight
prolongation of the onset latency of the tibial motor nerve
was also noted following cisplatin and pyridoxine treatment.
Histopathological evaluation of paraffin and resin embedded
peripheral and central nervous tissues confirmed the results of
NCV measurements. In conclusion, the results of this study show
that NCV assessments in the rat provide a reliable and sensitive
assessment of the onset of changes associated with druginduced neuropathy.

P514
A Nonclinical Animal Model to Predict
Therapeutic Protein and Biological Drug Product
Immunogenicity
J.M. Sung1, C.L. San Emeterio1, S. Hosain1, A.D. Knapton1,
K.E. Howard1
US FDA, Silver Spring, MD, USA

1
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Biological drugs can elicit unwanted immune responses
affecting patient safety and drug efficacy, and animal models are
needed to understand adverse human responses. Humanized
mice have been shown capable of modeling immune toxicity,
but some models show inadequate adaptive immune responses,
specifically lacking class-switched, antigen-specific antibody
formation. The goal of this study was to evaluate humanized
mouse models for T cell dependent antibody responses. We
compared strain-specific antibody responses using bone
marrow-liver-thymus (BLT) immune humanized mice made from
four unique strains of immune compromised mice (NOG, NOG/
hGM-CSF/hIL-3, NOG/hIL-6, and NCG). Following humanization,
BLT humanized mice were immunized either keyhole limpet
hemocyanin (KLH), Tetanus toxoid (TT), Hepatitis A vaccine,
or saline to test antigen-specific stimulation. Following
immunizations, antibody class-switching and specificity were
evaluated using ELISA and flow cytometry. Results show that
NOG/hGM-CSF/hIL-3 and NOG/hIL-6 strains support improved
B cell production and maturation compared with other
strains. Further, in contrast to previously published data, NOG/
hGM-CSF/hIL-3 and NOG/hIL-6 strains show development of
humoral immunity, supported by the presence of typical B
cell subsets (switched memory B cells and plasma cells) and
enhanced isotype-switched, antigen-specific IgG response to
immunization. In conclusion, we show an improved preclinical
humanized mouse model with more complete humoral immune
function. Future studies will use these models to investigate
humoral immune response to biological drug products to better
understand immunogenicity and adverse events in patients.

P515
Sildenafil versus Ambrisentan in a Rat Model of
Pulmonary Arterial Hypertension
P.B. Senese1, T. Martinez1, K.R. Doherty1, J. Bi1, H. Wang1,
M. Zammit1, M.R. Gralinski1
CorDynamics, Inc., Chicago, IL, USA

1

We have previously demonstrated the development of increased
pulmonary artery pressure (PAP) and hypertrophy of pulmonary
vascular smooth muscle akin to pulmonary arterial hypertension
(PAH) after a single dose of semaxanib and hypoxia. Further, partial
reversal of PAH symptoms has been shown following treatment
with sildenafil. This study was undertaken to compare the
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effectiveness of sildenafil versus the selective type-A endothelin
receptor antagonist ambrisentan in this model. Male Sprague
Dawley rats (223−300 g) received a single dose of semaxanib
(200 mg/kg SC) on Day 1 and then were placed in a low oxygen
(13%) chamber from Day 1−21. Rats were housed in normoxic
conditions from Day 21−56. Test compounds were orally dosed
from Day 28−56, with sildenafil given at 60 mg/kg/day (BID) and
ambrisentan given at 10 mg/kg/day (SID). PAP, arterial pressure,
and thoracic organ weights were measured on Day 56. Relative
to vehicle, PAP decreased more with ambrisentan than with
sildenafil. Systolic PAP decreased 11% following sildenafil and
29% following ambrisentan (diastolic PAP: -33% and 33%, mean
PAP: 24% and -31%, respectively). Arterial blood pressures and
heart rate were similar to vehicle-treated animals. Necropsy
findings showed a decrease in right ventricle (RV) weight and
Fulton’s Index in animals given either sildenafil or ambrisentan.
RV weight decreased by 22% and 30% while Fulton’s Index
decreased by 17% and 25%, respectively. Under the conditions of
this study, ambrisentan appears to be a reliable positive control
in this model of PAH.

P516
Investigation of Repeated Oromucosal Application
of Triamcinolone Acetonide-Lidocaine Gel in
Sprague Dawley Rats
K. Handattu1, S. Biswas1, B. Mahdevan1
Abbott Healthcare Pvt. Ltd., Mumbai, Maharashtra, India

1

Triamcinolone acetonide belongs to the class of synthetic
glucocorticoids with potential anti-inflammatory activity.
Lignocaine is a well-established local anesthetic of the amide
type that has been used for many decades. Both compounds have
been studied as monotherapy products in nonclinical models
and are approved for use in patients. However, there is limited
nonclinical evidence to support the safety of triamcinolone
acetonide and lignocaine for use in combination. Therefore, to
understand the safety of the combination product, a 28-day
repeated-dose oromucosal toxicity study was conducted in
Sprague Dawley rats through once daily application of 0.1%
triamcinolone acetonide and 2% lidocaine gel. Three different
dose levels were studied based on the previous nonclinical
toxicology information on the monotherapy products and
on the proposed clinical therapeutic dose. Results from the
study did not reveal any additional toxicity or local reactions
due to simultaneous exposure of triamcinolone acetonide
and lignocaine in the gel form. However, characteristic effects
of glucocorticoids such as reduced body weight and decrease
in weights of spleen and thymus accompanied with the
microscopic lymphoid depletion and reduction in peripheral
blood leukocytes were evident. In addition, lymphoid tissues like
axillary and mesenteric lymph nodes, mandibular lymph nodes,
and gut associated lymphoid tissue showed lymphoid depletion.
All these effects were reversible in nature and were consistent
with the distinctive effects of glucocorticoids indicative of their
immunosuppressive property. Thus, the results of the present
study revealed the safety of 0.1% triamcinolone acetonide
and 2% lidocaine gel, providing further insights for clinical
development.
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Identification of Safety Margins for Polysorbate 80
Exposure in Canines
K. Holbrook1, D. Andrews1, W. Sutherland1, A. Coppi1, S. Barry1,
M. Escamilla1, J. Bussiere1
Amgen, Thousand Oaks, CA, USA

1

Polysorbate 80 (PS80; Tween 80) functions as a dispersing
agent, solubilizer, or stabilizer in many pharmaceuticals. Topical
or parenteral administration of PS80 has been associated with
allergic reactions, including local injection site reactions as
well as systemic effects consistent with anaphylactoid-type
reactions. These reactions are characterized by the direct release
of histamine from mast cells (degranulation). Nonclinical safety
assessments of PS80 in vivo have mainly focused on canine
model systems, a species well established to be particularly
sensitive to PS80. However, there are conflicting data about the
dose of PS80 required to elicit an anaphylactoid reaction in this
model system. Therefore, systematic studies in anesthetized dogs
were conducted to better define this dose using multiple routes
of administration, based on a combination of cardiovascular
data, clinical signs, and biomarkers of mast cell degranulation.
An IV bolus of 1 mg/kg PS80 caused a positive anaphylactoid
reaction, including increased heart rate, hypotension, and clinical
signs associated with allergic reactions (e.g., reddened muzzle).
However, a subcutaneous injection of PS80 up to 1 mg/kg did not
lead to any adverse effect or anaphylactoid reaction. Likewise, IV
infusion of PS80 up to 0.5 mg/kg and IV bolus injection of up to
0.3 mg/kg did not elicit an anaphylactoid reaction in dogs. These
studies will enable a better understanding of the safety multiples
associated with this common excipient in many commercial
pharmaceuticals.

P518
C3d/C4d Deposition on Platelet Correlates
with Thrombocytopenia in Monkeys with
2’-O-methoxyethyl Antisense Oligonucleotide
(2’-MOE ASO) Treatment
L. Shen1, P. Narayanan1, J. Schroeder1, A. Wong2, S. Oneda2,
B.R. Curtis3, J.P. Nolan4, A. Frelinger5, J.A. Engelhardt1, S.P. Henry1
Ionis Pharmaceuticals Inc, Carlsbad, CA, USA, 2Altasciences Preclinical
Seattle LLC, Everett, WA, USA, 3Blood Research Institute Blood Center
Wisconsin, Milwaukee, WI, USA, 4Cellarcus Technologies, La Jolla, CA,
USA, 5Boston Children’s Hospital, Boston, MA, USA

1

Sporadic severe thrombocytopenia (TCP) (Platelet <50K/μL) was
observed with a low incidence (2%–4% at doses >5 mg/kg) in
Asian-sourced cynomolgus monkeys given 2’-MOE ASOs. The
potential mechanism(s) involved was studied in one source of
Mauritian monkeys that has shown to be more sensitive to ASOinduced TCP, along with the Asian-sourced monkeys (Cambodian
origin). ISIS 405879, a 2’-MOE ASO, induced severe TCP (Platelet
<50K/μL) and mean platelet volume increase in 7/9 Mauritian
monkeys but not in the Cambodian monkeys after 16 weeks of
treatment at a dose of 40 mg/kg/week. Mild increases in MCP-1
and vWF were observed in monkeys from both sources. Increases
in total serum IgM, along with anti-platelet IgM (and, to a lesser
extent, anti-platelet IgG), anti-platelet factor 4 IgM levels, were
observed in both sources but were more pronounced in the
Mauritian monkeys. Increased platelet-bound C3d and C4d
levels were detected in all thrombocytopenic Mauritian monkeys
but not in the unaffected Mauritian or Cambodian monkeys.
American College of Toxicology 40th Annual Meeting 2019

Plasma Bb and C3a increases were seen in all monkeys from
both sources and no C4a increase in the fluid phase, suggesting
a local complement pathway activation on the platelet, possibly
secondary to IgM antibody deposition or greater complement
receptor interaction in those thrombocytopenic Mauritian
monkeys. Overall, these data suggest an enhanced innate
immune response induced by ISIS 405879 treatment, which
leads to anti-PLT antibody generation (likely IgMs), complement
fixation on PLT surface, and ultimately an increased PLT clearance
in the circulation, resulting in TCP.

P519
Development of a Challenge Model to Study the
CD8-Specific Response in Mauritius Cynomolgus
Monkey
C. Dumont1, R. Graveline1, M. Haida1, D. Poulin1, R. Samadfam1,
S. Kronenberg2, F. Regenass2, M-S. Piche1
Charles River Laboratories, Senneville, QC, Canada, 2F. Hoffmann-La
Roche Ltd., Basel, Switzerland

1

Although CD8 T cells play a crucial role in cancer immunity, no
model is currently available in nonhuman primates (NHP) to
monitor this response. Since cancer immunotherapy agents are
often tested in non-tumor bearing NHP for safety assessment,
the animal models currently available do not allow monitoring
of potential exaggerated pharmacology and efficacy of these
new drug candidates. The goal of this study was to develop an
NHP challenge model that specifically elicits a CTL response, in
order to evaluate the efficacy of compounds modulating this
response. NHP were therefore immunized with 3 replication
incompetent recombinant adenovirus vectors, each containing
the coding sequence for 3 SIV proteins. Moreover, two out of the
3 groups of animals received 2 compounds triggering different
checkpoint inhibitors known to modulate the T cell response,
allowing monitoring of the T cell activation in lieu of a tumor or
live virus model. Animals receiving both compounds presented
an increase in the activation profile of their T cells. This response
was characterized by a proliferation profile, the expression of
surface activation markers, an upregulation of several checkpoint
molecules, and antigen specific responses of the T cells. Increases
in the distribution of CD8 T cells and regulatory T cells as well
as an increase in the cytolytic activity of the CD8 T cells were
also observed. Taken all together, the results suggest that this
adenovirus challenge model can be useful to evaluate the
efficacy and potential exaggerated pharmacology of new drug
candidates targeting CD8 T cells.

P520
Predicting Contractility Risk of Cancer Agents with
Adult Human Primary Cardiomyocytes
N. Abi-Gerges1, T. Indersmitten1, W. Nguyen1, P. Ratchada1,
K. Truong1, G. Page1, P.E. Miller1, A. Ghetti1
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AnaBios Corporation, San Diego, CA, USA

1

Tyrosine kinase inhibitors (TKIs) provide effective cancer
treatments, but they are often associated with cardiotoxicity.
To enable the development of a new generation of safer TKIs,
it is critical to establish novel strategies that can help rank the
cardiotoxicity of TKIs early in discovery. We have recently shown
that adult human primary cardiomyocytes from donor hearts
can be used for in vitro cardiac safety studies. In the present
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work, we investigated the ability of noninvasive measurement
of cardiomyocyte contractility to predict the cardiac safety risk
associated with 8 TKIs. We selected both known noncardiotoxic
(Afatinib, Dasatinib, Erlotinib, Gefitinib) and cardiotoxic
(AZD7762, Imatinib, Sorafenib, Vandetanib) drugs. Our data
demonstrate that isolated adult human primary cardiomyocytes
are differentially affected by safe and cardiotoxic TKIs. While
Afatinib, Dasatinib, Erlotinib, and Gefitinib had no effects on
contractility up to concentrations equivalent to 30-fold the
Cmax at therapeutic dose, AZD7762, Imatinib, Sorafenib, and
Vandetanib inhibited contractility with IC50 values of 0.8μM,
44μM, 1.2μM, and 4.6μM, respectively, which closely match the
therapeutic plasma concentrations (Cmax). With these data, we
generated a “safety index” (IC50/Cmax) to reflect the cardiotoxicity
of these 8 TKIs. We found that TKIs with low cardiac safety
indices exhibit cardiotoxicity in patients. Thus, adult human
primary cardiomyocytes can provide a useful strategy for the
early assessment of cardiac risk associated with anticancer TKIs.
Furthermore, this study resulted in the unexpected finding that
human cardiomyocyte contractility can be affected by toxic TKIs,
irrespective of the effects on the vasculature and chronic cardiac
remodeling.

P521
Pharmacological Inhibition of RORg in Wild-Type
Mice Does Not Reproduce the High Incidence of
Thymic Lymphomas Observed in Knockout (KO)
Mice
P. Parris1, M. Liljevald2, J. Jirholt2, M. Söderberg2, L. Kärrberg2,
R. Pehrson2, U. Andersson2, J. Hornberg2, P. Åberg2

Astrazeneca, Melbourn, Cambridge, United Kingdom, 2AstraZeneca,
Mölndal, Gothenburg, Sweden
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Mice deficient in RORg/gt protein have a high incidence of T cell
lymphomas. Over 50% of KO mice die of thymic lymphomas
within the first 4 months (Ueda et al., 2002) and conditional
KOs show similar phenotype (Liljevald et al., 2016). However,
there is no evidence to date of lymphoma risk in humans
carrying RORg loss-of-function mutations; therefore, potential
translation to larger species is unclear. Mice are recognized as
sensitive to T cell lymphoma development, and in addition, it is
unclear whether pharmacological inhibition would differentiate
from full ablation of RORg/gt. Though thymic alterations upon
RORg inhibition have been documented in rat (Guntermann
et al., 2017) and monkey, no subsequent tumor development
has been reported. Therefore, we conducted an investigative
6-month mouse study during the nonclinical safety program of
AZD0284 (a small molecule RORg inhibitor for the treatment of
psoriasis), in addition to 1-month rat and dog toxicology studies.
The chronic mouse study was conducted to characterize the
histopathological, cellular, and molecular effects of AZD0284
in thymus and blood; the 1-month studies included a general
assessment of thymus phenotype. After 6 months, 1 mouse of 60
(1.67%) presented with thymic lymphoma. There were no effects
or preneoplastic lesions in the thymus of remaining animals. This
demonstrates that pharmacological inhibition of RORg does not
reproduce the cumulatively increasing incidence of lymphoma
reported in the KO mice (>70% at 6 months). Chronic toxicology
and carcinogenicity studies with AZD0284 will further address
thymus phenotype development in nonclinical species and
contribute to the integrated risk assessment.

P522
Comparison of Single, Paired, and Group
Housing on Cardiovascular Parameters and Body
Temperature in Telemetered Cynomolgus Monkeys
P. Singh1, S. Loriot1, F. El Amrani-Callens1, M-E. Duclos1,
R. Forster1, A-I. El Amrani1
Charles River Laboratories, Evreux, France

1

In the present investigation, we compared three housing
conditions in four well-acclimated male telemeter-implanted
cynomolgus monkeys. Body temperature (BT) and cardiovascular
parameters, including heart rate (HR), arterial blood pressure
(systolic [SAP], diastolic [DAP], and mean arterial pressure [MAP]),
and ECG parameters (PQ interval, QRS complex, and QT interval)
were continuously recorded by telemetry over a period of 19
hours. The animals were housed in ETS-123 compliant cages and
data were recorded first under group housing and then under
single and paired housing conditions using a cross-over design.
When compared with single housing conditions, paired housing
had no significant effect on cardiovascular parameters, but group
housing led to significant decreases in HR (106 ± 9 vs. 139 ± 4
beats/min, p<0.001), DAP (64 ± 3 vs. 87 ± 6 mmHg, p<0.001), MAP
(83 ± 3 vs. 106 ± 7 mmHg, p<0.001) and increases in QT interval
(297 ± 15 vs. 247 ± 3 ms, p<0.01). There were no statistically
significant changes between single- and group-housed animals
in SAP or QT corrected for changes in HR according to the Bazett
(QTcB) formula or the individual QT correction method (QTca).
In group-housed animals, there was a statistically significant
increase in body temperature, (38.8 ± 0 vs. 38.2 ± 0 °C, p<0.01).
Based on quantitative cardiovascular parameters, the present
preliminary findings suggest a benefit of group housing
conditions over single or paired housing in cynomolgus monkeys.

P523
Assessment of Drug Hepatotoxicity in 3D InSight
Liver Microtissues with Expanded Panel of
Cytotoxicity Markers
A. Pajak1, M. Kijanska1, R. Kostadinova1, E. Thoma1, A. Wolff1
InSphero AG, Schlieren, Zurich, Switzerland

1

3D InSight Human Liver Microtissues consisting of primary
liver cells were previously shown to outperform 2D primary
hepatocytes in prediction of drug-induced liver injury (DILI). We
established a method to assess a clinically relevant marker for
liver damage—aspartate aminotransferase (AST)—and correlate
AST levels with other cell viability and cytotoxicity markers. 3D
InSight Human Liver Microtissues were exposed to a set of
reference compounds with known DILI severity grade for 7
days. Measurement of all 3 markers was performed for a single
microtissue, with LDH and AST measurements multiplexed in
the same microtissue supernatant. Cell viability profiles were
able to discriminate between structurally related compounds
manifesting different clinical toxicity grade, such as Troglitazone/
Rosiglitazone and Tolcapone/Entacapone. Importantly, profiling
of ATP levels together with AST and LDH leakage signal for
DILI+ reference compounds showed either a strong correlation
between decrease of ATP levels and increase of AST and LDH
leakage signal or decrease of ATP levels with concomitant mild
or no release of AST and LDH. Together, these results (1) prove
feasibility of profiling of clinically relevant marker (AST) in human
liver microtissues; (2) expand cytotoxicity marker panel that can
be measured in a single microtissue to ATP, AST, and LDH; and (3)
American College of Toxicology 40th Annual Meeting 2019
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P524
Interspecies Comparison of Embryo-Fetal Data
among Control Groups of Sprague Dawley Rats,
New Zealand White Rabbits, and Göttingen
Minipigs
A. Parenteau1, F-H. Paradis1, A-M. Downey1, S. EllemannLaursen2, K. Hill3, P. Singh4, J. Hargitai5, R. Forster4, R. Tavcar1,
S. Authier1

Citoxlab, a Charles River Company, Laval, QC, Canada, 2Citoxlab, a
Charles River Company, Ejby, Koge, Denmark, 3Citoxlab, a Charles River
Company, Kansas City, KS, USA, 4Citoxlab, a Charles River Company,
Evreux, Normandy, France, 5Citoxlab, a Charles River Company,
Veszprem, Hungary

1

Species-dependent differences in relative incidence of
spontaneous variations and malformations can be considered
in the assessment of the translational value of reproductive
and developmental safety assessments. The objective of this
evaluation was to compare litter parameters and external,
visceral, and skeletal malformations and variations across
species in the Sprague Dawley rat, New Zealand White rabbit,
and Göttingen minipig. Pregnant female rats (n=824), rabbits
(n=540), and minipigs (n=70) from vehicle control groups were
included in the analysis equating to 10749 rat, 5073 rabbit,
and 378 pig fetuses collected at term by caesarean section.
Preimplantation loss was more frequent than postimplantation
loss in the rat and rabbit, whereas the opposite was observed
in the minipig. Several external and visceral malformations
and variations such as domed head, bent tail, abdominal
edema, and anal atresia were observed in all three species.
Visceral malformations of the heart and major blood vessels
were remarkably more frequent in the minipig and rabbit,
respectively; ventricular and atrium septum defects were
observed in 1.9% and 2.1%, respectively, for the minipig fetuses,
whereas they were observed in equal or less than 0.02% in the
rat and rabbit fetuses evaluated in this study. Characterization
of species-dependent differences in spontaneous variations
and malformations can be useful during interpretation of
embryo-fetal development study results. The current analysis
identified relevant differences between commonly used species
in reproductive toxicology with potential implications during
data assessment.

P525
Calculating Safety Margins in Toxicity Studies Using
Total Systemic Exposure versus Unbound Systemic
Exposure
S.K. Mukherjee1, J.B. Ferry1
Merck & Co., Inc., West Point, PA, USA

1

Safety margin, a key aspect of nonclinical toxicity studies, is
calculated by dividing the systemic exposure (AUC) at NOAEL
in nonclinical studies by the AUC required for clinical efficacy.
Generally, the total (bound + unbound) plasma concentration
(fTp) is used to calculate an AUC. However, the validity of using fTp
has been questioned, as it is the unbound plasma concentration
(fup) that elicits a pharmacological effect. Plasma protein binding
American College of Toxicology 40th Annual Meeting 2019

(in nonclinical species and humans) and target organ toxicity data
were collected for discontinued Merck compounds to determine
if there would be a meaningful change in safety margin with
fup instead of fTp. These compounds had been discontinued
from development either due to nonclinical toxicity or due
to clinical adverse effects. The dataset comprised 118 small
molecule compounds. A >3-fold difference in fup was selected
as a meaningful difference in plasma protein binding between
nonclinical species and humans. In rats, dogs, and nonhuman
primates, approximately 4%, 5%, and 3% of the compounds,
respectively, had a >3-fold difference in fup when compared with
humans. Following an assessment of the toxicity profile for the
compounds with a >3-fold difference in fup between humans and
nonclinical species, it was concluded that calculation of safety
margins using fup would have still led to the discontinuation of
these compounds from development. Therefore, although fup
can be used for calculation of safety margin, experience shows
that no difference in drug discontinuation decisions would have
been made whether risk assessment was based on fup or fTp.

P526
Save Your MTD: How to Confirm Spinal Cord
Infarction after Lumbar Intrathecal Bolus
Administration of Oligonucleotides in Mature and
Juvenile Cynomolgus Monkeys
P. Korytko1, A. von Keutz2, F. Runge2, L. Mecklenburg2, S. Zander2,
B. Pajaziti2, J. Luft2, F. Ludwig2, M. Wozniak3, S. Korte2
Preclinical GPS, Bainbridge Island, WA, USA, 2Covance Preclinical
Services GmbH, Münster, NRW, Germany, 3Medical University of Lublin,
Lublin, Poland

1

Intrathecal (IT) injection is a common dose route in juvenile
NHP toxicology studies for antisense oligonucleotides under
development for neurodegenerative diseases. Although rare, IT
dosing procedures can result in non-drug-related spinal cord
infarction (0.1% from >30 NHP toxicology studies; >1000 animals;
>4500 doses). We present diagnostic features of rare non-drugrelated spinal cord infarction in a juvenile NHP (1.6 kg, L2/L3)
dosed with 0.75 mL drug solution + 0.25 mL artificial CSF by
lumbar puncture. The spinal cord infarction was diagnosed as nondrug-related based on the following findings: (1) low incidence in
group or study; (2) high amounts of blood in extracted CSF prior
to dosing; (3) delayed hind-limb paralysis/lameness that begins
hours after dosing instead of at time of dosing; (4) reduced
muscle tone post-dose and loss of patellar and foot grip reflexes
at 2–4 hours post-dose instead of immediately after dosing; (5)
MRI evidence of infarction (43–46 mm spinal cord edema from
level Th11 to lower endplate of L3 with L2 spinal canal stenosis);
(6) macroscopic evidence of infarction; and (7) histopathological
evidence (Day 3) of necrosis within the spinal cord resulting in
dorsal spinal cord malacia, as well as focal axonal degeneration,
foamy macrophages, and multifocal vacuolation with axonal
degeneration of spinal nerve roots. Although spinal cord
infarction is a rare procedure-related finding, this finding may
be seen with the increased use of IT dosing in juvenile NHP. This
pattern of findings characterizes a non-drug-related spinal cord
infarction in juvenile NHP.
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show application of complementary profiles of different toxicity
markers in in vitro assessment of hepatotoxic compounds and
their potential mechanism of toxicity.
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P527
Range of Neurological Signs in Cynomolgus
Monkeys after Intrathecal Bolus Administration of
Oligonucleotides
S. Korte1, J. Luft1, A. von Keutz1, F. Runge1, T. Voss1, M. Wozniak2,
S. Zander1, F. Ludwig1, L. Mecklenburg1

Covance Preclinical Services GmbH, Münster, NRW, Germany, 2Medical
University of Lublin, Lublin, Poland

1

Intrathecal (IT) dosing is a common route of administration in
cynomolgus monkey preclinical safety studies conducted for
oligonucleotides that target CNS diseases. Herein we report
on neurological signs that have been observed in 30 IT studies
conducted in 1,496 cynomolgus monkeys: (1) Neurological
findings occurring under dosing/end of sedation. In 6 animals,
severe muscle tremor (rhythmic contraction and relaxation)
or muscle spasticity (tightness) was observed under injection
of the test article. The dosing procedure was discontinued and
intravenous treatment with diazepam was initiated, which
improved the symptoms in 2 cases. The other 4 animals were
euthanized. (2) A transient absence of lower spinal reflexes.
This observation occurs in up to 2% of animals injected with
artificial CSF (control) and is observed in 20% to 80% of test
article dosed animals, with the incidence increasing with dose.
The transient loss of lower spinal reflexes is considered test
article related, but it is not considered adverse. (3) Neurological
findings occurring between 30 minutes and 4 hours after dosing.
Those findings are characterized by any adverse combination of
ataxia, paresis or paralysis of the hind limbs, nystagmus, urinary
incontinence, or muscle tremor. (4) Neurological findings due
to spinal cord hemorrhage. In 3 animals, neurological findings
were characterized by paralysis of hind limbs, absence of patellar
reflexes and grip reaction within 2 to 4 hours after dosing. These
symptoms are compatible with a spinal cord ischaemic lesion
(confirmed by MRI). Those findings result from a hemorrhage that
is created during the injection procedure.

P528

50 kg individual ingested drug product contaminated with the
equivalent of 0.25 cm3/day of silicone rubber and the silicone
additives are extracted in the GI tract with similar efficiency
as reported in food safety studies, additive exposure would
be approximately 0.025 μg. This is far below the Threshold of
Toxicological Concern or relevant reference doses. Overall, we
concluded that the presence of particles of silicone rubber as an
unintended impurity in a drug product did not pose a significant
risk to patients.

P529
Establishing an In Vitro Proximal Tubular Epithelial
Cell (PTEC) Model to Address Kidney Toxicity In Vivo
T. Jiang1, J. Funk2, M. Gubler2
Roche Innovation Center Shanghai, Shanghai, China, 2Roche
Innovation Center Basel, Basel, Switzerland

1

The kidneys are essential organs that fulfill many vital
functions, such as filtration of blood to eliminate metabolic
waste products. The proximal tubular epithelial cells (PTECs)
are especially susceptible to both small molecule and large
molecule drugs because of well-developed transport systems
for reabsorption of ions, organic solutes, and peptides from
the primary urine. In order to develop safe medicines devoid
of kidney liabilities, predictive animal and human-derived PTEC
models were developed to assess nephrotoxicity in vitro with
cytotoxicity readouts including measurement of intracellular
ATP, quantification of stress-induced release of cellular injury
markers, etc. Several small molecule compounds that had
been found nephrotoxic in rats were tested in the in vitro PTEC
model and showed moderate cytotoxicity to rat PTECs. It was
further determined that the cytotoxicity was not driven by toxic
metabolites but rather moderate intracellular accumulation of
the parent compounds. The results were correlated nicely with
proximal tubule degeneration/necrosis in rats, which suggests
that this model can serve as an effective tool to address kidney
toxicity in vivo.

Evaluation of Silicone Rubber as a Potential
Impurity in a Drug Product
T.A. Lewandowski1, S. Pacheco-Shubin1, I. Mohar1
Gradient, Seattle, WA, USA

Abstracts

1

114

Silicone components used in pharmaceutical production
subjected to high heat or solvents can degrade over time. We
evaluated a drug product suspected to be contaminated with
small amounts of silicone polymer particulate. In addition
to siloxane monomers and oligomers, silicone rubber also
contains additives including antioxidants and plasticizers. Our
risk assessment addressed three questions: (1) To what extent
will constituents of silicone rubber be absorbed in the GI tract?
(2) What is the toxicity of the siloxane monomers/oligomers?
(3) What is the toxicity of potential additives in silicone
rubber? We concluded that only very limited GI absorption
of the constituents of silicone rubber will occur because the
parent material is resistant to degradation by stomach acid.
Animal studies of various siloxanes (linear, cyclic, with variable
substitution) indicate minimal adverse effects associated with
subchronic or chronic oral exposure. Studies of additives in
silicones, performed in the context of food safety evaluation, also
indicate potentially extractable concentrations of additives are
likely well below established regulatory guidelines. Assuming a
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Exhibitor-Hosted Programs
Sunday
Strategies for Screening Nonhuman
Primates in Gene Therapy Studies

Nonclinical Safety Evaluation of Oncolytic
Viruses

Sunday, November 17
12:00 Noon–12:55 PM | Grand Sonoran H

Sunday, November 17
12:00 Noon–12:55 PM | Grand Sonoran J

Presented by: Altasciences

Presented by: Southern Research

As gene therapy treatments become more prevalent, properly
prescreening nonhuman primates (NHP) for single nucleotide
polymorphisms (SNPs) and anti-adeno-associated virus (AAV)
antibodies becomes increasingly important. While SNPs can
be rare, incidence rates of AAV-neutralizing antibodies in NHP
colonies can be widely varied, based on several factors, and
seroconversion can also be a concern. This review evaluates
potential prescreening strategies to ensure quality nonclinical
studies.

Charles River’s Fast Facts Competition
Sunday, November 17
12:00 Noon–12:55 PM | Grand Sonoran K

Presented by: Charles River

Enjoy fast and fun poster presentations by students, postdocs,
and new investigators who have a chance to win up to $500!
The rules of this contest are simple: one PowerPoint slide,
and two minutes to deliver a presentation to attendees and
a panel of judges. All are invited to attend and support the
future stars of toxicology!

American College of Toxicology 40th Annual Meeting 2019

Oncolytic viruses (OVs) represent a new therapeutic strategy
for cancer treatment, given their inherent cytotoxicity and
tumor cell selectivity. Since the first observation in early
clinical studies whereby viral infection coincided with tumor
regression, several genetically modified OVs have been
developed, the first being US FDA approved for clinical use in
2015. Considerations when evaluating nonclinical safety of
OVs are discussed.

Exhibit Information

Exhibitor-Hosted Programs are commercially supported educational sessions held in conjunction with the ACT Annual Meeting.
Programs are open to all meeting attendees.

Toxicologic Pathology Support in China
Sunday, November 17
12:00 Noon–12:55 PM | Grand Sonoran I

Presented by: WuXi AppTec

When submitting data to the US FDA, they prefer an ACVP
pathologist. CROs based in China are hiring ACVP pathologists
based in the US and using the services of a pathology
provider when required. This session highlights the practice
of toxicologic pathology as it relates to studies based in China
and discusses how this is achieved with quality, efficiency,
comparable timelines, and attentive customer service.
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Exhibitor Information

Wednesday
Location, Location, Location: Evaluating
Toxicity in the Nervous System

What to Know When Choosing a Model for
Dermal Research

Wednesday, November 20
8:00 AM–8:55 AM | Grand Sonoran J

Wednesday, November 20
8:00 AM–8:55 AM | Grand Sonoran H

Presented by: EPL, Inc.

Presented by: Sinclair Research Center, LLC

Genetox Assays for Impurities Testing as
per ICH M7 Guidelines

Leveraging the Combined Power of
Technology, Expertise, and Regulatory
Standards for Safer Outcomes

Light microscopic evaluation of the central nervous system
remains a key endpoint in neurotoxicity assessment. This
session will present the most recent guidelines for sampling
and evaluating the brain and spinal cord in general toxicity
studies. We will explore the significance of these subsites to
neurologic function and toxicity.

Wednesday, November 20
8:00 AM–8:55 AM | Grand Sonoran I

Presented by: MilliporeSigma

In this session, an integrated testing strategy for genotoxic
impurities under ICH M7 with known and unknown molecular
structures will be discussed. For known structures, in silico
analysis can be performed followed by standard or miniatured
genetox assays. For impurities with unknown structures, a
novel technology, Crystal-Do, can be used.

The minipig is considered to be the best animal model to
understand drug effects in human skin. The Hanford and
Göttingen minipigs have been used for accepted regulatory
submissions. Sinclair Research is developing a white Sinclair
lineage, which may provide another alternative when
choosing a model for dermal research.

Wednesday, November 20
12:00 Noon–12:55 PM | Grand Sonoran H

Presented by: Instem

The deployment of automated technologies to enhance
production/analytical processes does not eliminate the need
for skilled human intervention. This session draws upon
our experience with the SEND standard and the curation of
scientific source materials for regulatory and decision-making
purposes—specifically, Target Safety Assessments—to
explore opportunities and barriers to leveraging data sources
for commercial advantage in drug R&D.

In Vitro ADME and Drug-Drug Interaction
Considerations for Toxicologists
Wednesday, November 20
12:00 Noon–12:55 PM | Grand Sonoran I

Presented by: SEKISUI XenoTech

In vitro ADME and drug-drug interaction investigations are
early activities in the drug development process that are
critical for framing downstream decision-making. This session
will provide insights at a high level related to regulatory
drivers, investigatory objectives, and practical concerns
for such studies that are relevant to interested general
toxicologists.
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RESERVE YOUR EXHIBIT BOOTH
FOR ACT 2020
Priority Point Sales begin Monday, November 18 for current 2019 Exhibitors!
Current exhibitors have the opportunity to reserve their 2020 booths on-site in Phoenix
via the Priority Points system. All exhibitors were emailed their sales appointment time.
Please visit the 2020 Booth Sales Desk in the Exhibit Hall with any
questions or to reserve a booth at your appointed time.

Once again at the 2020 ACT Annual Meeting:
• Top-notch scientific program
• Well-known, expert speakers presenting the latest science
• Unique, intimate networking environment
• Multiple peer-to-peer networking opportunities
• B2B connections with toxicology-specific service and technology providers

…it a ll ad
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Exhibit Hall Hours:

(As of November 1, 2019)

Monday, November 18

Tuesday, November 19

9:30 AM–12:00 Noon
2:00 PM–6:30 PM

9:00 AM–5:00 PM

ACT Membership Lounge
11190 Sunrise Valley Drive, Suite 300
Reston, VA 20191
Contact: Nancy Rollman

421
   Tel: 703.547.0875
   Fax: 703.438.3113

Email: acthq@actox.org
Website: www.actox.org

The American College of Toxicology is a professional organization of about 1000 toxicologists who work in industry,
pharmaceutical and biotech companies, government regulatory agencies, or as consultants. ACT provides a forum for collegial
exchange of information. ACT holds their Annual Meeting every November. Other educational opportunities include courses
and webinars held throughout the year and around the globe. The latest scientific information of interest is published in the ACT
journal, International Journal of Toxicology.

ACT’s Sister Society Showcase

Exhibit Information

Exhibitor Directory

500 Aisle

ACT is pleased to highlight the many scientific societies with which we partner and collaborate to advance our mission to
“Educate, Lead, and Serve.” Visit ACT’s Sister Society Showcase to learn about these important alliances!

AIT Bioscience 
7840 Innovation Boulevard
Indianapolis, IN 46278
Contact: Dave Dehler

509
   Tel: 317.757.3019

Email: ddehler@aitbioscience.com
Website: www.aitbioscience.com

AIT Bioscience is a leading bioanalytical CRO, serving the pharmaceutical and biotech industries. We provide solutions for all
molecule types (large, small, and peptides/biomarkers) and continue to invest in our people, processes and equipment to meet
client and partner CRO needs. Our services range from Discovery through Commercialization to support screening, IND-enabling
tox programs, and clinical development. We’re ready to meet you where you are for research and development needs. Come see
us at #509.

Alliance Pharma
17 Lee Boulevard
Malvern, PA 19355
Contact: Stacie Shaffer

112
   Tel: 610.296.3152
   

Email: sshaffer@alliancepharmaco.com
Website: www.alliancepharmaco.com

Alliance Pharma is a contract research organization (CRO) established in 2008 that specializes in advanced bioanalytical research
services for both small and large molecule drugs, as well as drug metabolism studies for pharmaceutical and biotechnology
companies. Our facility is located at 17 Lee Boulevard in Malvern, Pennsylvania.

Altasciences316
575 Armand-Frappier Boulevard
Laval, QC H7V 4B3
Canada
Contact: Catherine Moniz

   Tel: 450.973.6077
   

Email: cmoniz@altasciences.com
Website: www.altasciences.com

Altasciences is a forward-thinking, midsize CRO offering a proven, flexible approach to preclinical and early-phase clinical studies,
from lead candidate selection to proof of concept. Altasciences’ full-service solutions include preclinical safety testing, clinical
pharmacology and proof of concept, bioanalysis, program management, medical writing, biostatistics, and data management.

American Preclinical Services
8945 Evergreen Boulevard NW
Coon Rapids, MN 55433
Contact: Mark Smith

   Tel: 763.717.7990
   Fax: 763.717.2042

117
Email: msmith@apsemail.com
Website: www.americanpreclinical.com

APS is a State of the Art, AAALAC- and ISO17025-accredited, USDA-registered, and GLP-compliant contract research organization
(CRO) specializing in medical device and pharmaceutical testing. Our services include regulatory consulting, ISO10993
biocompatibility testing, analytical testing, interventional, surgical, toxicology, pharmacology, pain, physician training, bioskills,
animal model development, and complete pathology services.
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Supporter Advertisement

Who’s on your team?
World class scientists with the expertise
to spot roadblocks before you do?
Project managers with the capacity
to schedule studies that meet your
timelines? People who are as passionate
about your goals as you are?

Expect all of this and more from Charles
River’s newly expanded family, featuring
our colleagues from Citoxlab. Meet us all
at booth 312 and discover how we can
accelerate your time to market.

www.criver.com/ACT-2019
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Exhibitor Directory
Antech GLP
   Tel: 253.277.0811
   

Email: susan.stclair@antechmail.com
Website: www.antechglp.com

Antech Diagnostics GLP offers a full-service, good laboratory practice–compliant , clinical pathology reference laboratory
performing hematology, chemistry, urinalysis, coagulation, immunoassays, hormone analysis, and esoteric tests. Antech now
offers veterinary clinical trial testing and non-GLP studies.

BASi and Seventh Wave Laboratories
2701 Kent Avenue
West Lafayette, IN 47906
Contact: Philip Downing

   Tel: 812.985.3400
   Fax: 765.497.1102

307 & 402
Email: pdowning@basinc.com
Website: www.basinc.com

BASi and Seventh Wave have combined to provide broader solutions to our clients. Our portfolio of in vivo and analytical services
is focused on goal attainment from lead optimization through regulatory enabling studies. With the experience and capacity to
be impactful, yet small enough to be agile, we care about even the smallest companies and their projects. We are consultative and
goal oriented as we combine toxicology, histopathology, and bioanalytical chemistry services for fast starts and on-time delivery.

Exhibit Information

600 Airport Boulevard, Suite 500
Morrisville, NC 27560
Contact: Susan St. Clair

414

Battelle308
505 King Avenue
Columbus, OH 43201

   Tel: 800.201.2011
   

Email: solutions@battelle.org
Website: www.battelle.org

Battelle provides GLP-compliant preclinical services to the pharmaceutical industry and government agencies. Our capabilities
include safety and efficacy testing, GLP toxicology, pharmacology, pathology, analytical/bioanalytical chemistry, biomarker
discovery, and method/assay development and validation. Battelle is the world’s largest independent nonprofit research
organization, specializing in Life Sciences Research.

Biomere116
57 Union Street
Worcester, MA 01608
Contact: Deborah Curry

   Tel: 508.459.7544

Email: dcurry@biomere.com
Website: www.biomere.com

Biomere is a preclinical CRO based in Worcester, Massachusetts, focused on early discovery drug development. In vivo models
range from rodents to NHPs, specializing in ocular, autoimmune, inflammation, metabolic, neurological, and viral studies. We are
experienced in standard as well as novel routes of administration, including intratracheal, intrathecal, intra-articular, intravitreal,
subretinal, nebulization, and intracranial. We provide supportive colony breeding, maintenance, and on-site client room use
agreements.

Calvert Labs, Inc. 
Scott Technology Park
130 Discovery Drive
Scott Township, PA 18477
Contact: Joe Winslow

302
   Tel: 570.586.2411
   Fax: 570.586.3450

Email: joe.winslow@calvertlabs.com
Website: www.calvertlabs.com

Calvert Labs provides expert advice from design to delivery. We’ve achieved the right combination of experience, reliability, and
flexibility with a team that delivers results. We’ve powered the innovative, flexible CRO model with the depth and experience of
a conventional CRO. Services include Acute to Chronic Toxicology, DART studies, General and Safety Pharmacology, Telemetry,
Immunology, Immunotoxicology, and Pharmacokinetic/ADME.

CBSET, Inc.
500 Shire Way
Lexington, MA 02421
Contact: Michael Naimark

506
   Tel: 781.541.5555

Email: mnaimark@cbset.org
Website: www.cbset.org

CBSET Inc. is a registered 501c3 nonprofit preclinical CRO with a mission to support advanced technology and expedite its path
to the clinic. Located in Lexington MA, CBSET boasts a fully GLP-compliant facility and AAALAC-certified vivarium to support both
GLP and non-GLP programs in a host of preclinical models.

American College of Toxicology 40th Annual Meeting 2019
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Exhibitor Directory
Charles River
   Tel: 781.222.6000
   

Email: kerri.keane@crl.com
Website: www.criver.com

Charles River provides essential products and services to accelerate research and drug development efforts. With flexible solutions,
accelerated timelines, and customized approaches, we provide clients with exactly what they need to improve and expedite the
discovery, early-stage development, and safe manufacture of new therapies every step of the way.

Concept Life Sciences
4th Floor, 19 Spring Gardens
Manchester, Manchester M2 1FB
United Kingdom
Contact: David Halverson

512
   Tel: 908.883.1090
    

Email: david.halverson@conceptlifesciences.com
Website: www.conceptlifesciences.com

Exhibit Information

251 Ballardvale Street
Wilmington, MA 01887
Contact: Kerri Keane

312

Concept Life Sciences is a leading provider of integrated drug discovery, development, and analytical services across multiple
industries, including pharmaceutical, biotechnology, agrochemicals, petro, chemicals, cosmetics, and more. With an extensive
track record in toxicology, Concept delivers design, performance, and interpretation of nonclinical investigative, mechanistic, and
exploratory toxicology programs, providing critical support when issues arise in the development of compounds. These programs
help to identify the toxicology mode of action/adverse outcome pathway affected by the compound in question. Additionally,
Concept can support bioanalysis of products from initial assay development and through GLP nonclinical and GCP clinical
development.

CorDynamics, Inc.
2242 W. Harrison Street, Suite 108
Chicago, IL 60612
Contact: Peter Senese

202
   Tel: 312.421.8876
   Fax: 312.873.3710

Email: info@cordynamics.com
Website: www.cordynamics.com

CorDynamics is a preclinical contract research laboratory and consulting group focused on examining the cardiovascular effects of
emerging drug candidates with an emphasis on quality, affordability, flexibility, and reliability.

Covance, Inc.
3301 Kinsman Boulevard
Madison, WI 53704
Contact: Terri-Leigh Rhody

203
   Tel: 608.310.8294
    

Email: info@covance.com
Website: www.covance.com

Visit Booth #203 to discover more about Covance’s deep scientific expertise within toxicology and across drug development. We
will be showcasing solutions such as Early Phase Development Solutions, SEND, Biologics, and ImmunoToxicology. Covance is the
drug development business of Laboratory Corporation of America® Holdings (LabCorp®) (NYSE:LH), the world’s leading healthcare
diagnostics company. To learn more about Covance, visit www.covance.com.

Cyprotex115
313 Pleasant Street
Watertown, MA 02472
Contact: Sam Verla

   Tel: 617.600.4300
   Fax: 617.812.0712

Email: marketing@cyprotex.com
Website: www.cyprotex.com

Cyprotex is an AIM-listed company (CRX) with headquarters in Macclesfield, United Kingdom, and laboratories in Watertown,
Massachusetts, USA (Apredica). The combined company is the leader in predictive toxicology and ADME research, offers
several proprietary technologies (CellCiphr, CloePK, gADMETM), and prides itself on custom assay development and fast
turnaround times.

Data Sciences International
119 14th Street NW, Suite 100
St. Paul, MN 55112
Contact: Jami Burkhardt

213
   Tel: 651.481.7400
   

Email: sales@datasci.com
Website: www.datasci.com

DSI offers preclinical safety pharmacology and toxicology solutions for acute and chronic CV, CNS, and respiratory applications.
Solutions include software acquisition and reporting, hardwired solutions, respiratory and exposure systems, telemetry, and
surgical and data analysis services. New offerings include Ponemah GLP software with SEND 3.1 Module and the Buxco 6 level
inhalation tower. Helping you achieve your research goals is what we do, with 47 global sales and support staff to help you along
the way.
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ACLAIRO

Independent. Expert. Responsive.
•

Necropsy Support on all common
species, small and large

•

Mammalian, Avian and Aquatic Animal
Histology and Pathology

•

Special Histochemical Stains

•

Histomorphometry, Stereology and
Image Analysis

•

Electron Microscopy (TEM/SEM)

•

Immunohistochemistry, including
method validation for novel projects

•

Pathology Consultation and Peer
Review - Over 300 peer reviews
conducted in the past two years

•

Pathology Working Groups (PWG)

•

23 Veterinary Pathologists

Visit Us
at Booth
#209

pharmaceutical development group, inc.
an EPL company
Pharmaceutical Consultants with no
comparable competition
Our sole goal:
• Help you efficiently bring your product
across the finish line (IND, NDA, CTD,
internal corporate goals)
Focus:
• CDER: all divisions, from oncology to
metabolic to dermal
• CBER: advanced medicines, gene/cell
therapy and vaccines
Employees:
• 12 doctoral level preclinical toxicology
and tox/path consultants with decades
of experience in Pharma and/or FDA
◊ Supported by MS/BS level
experienced scientific writers and
study monitors with >15 years’
experience
• 3 doctoral level consultants in DMPK,
including PK/PD modeling and GLP
TK report writing with scientific
interpretation
Depth across critical areas of drug
development:
• FDA Strategy
• Tox/Path
• Repro/Juvenile Tox
• Abuse Liability
• Immunotoxicology
• Clinical Pharmacology
• Dermal and Ophthalmologic Routes
• In Silico Gene Tox Assessment

EPL & Aclairo

Discover the best science can offer
www.epl-inc.com
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www.aclairo.com
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Elm Hill
   Tel: 978.256.2322
    

Email: bre@elmhilllabs.com
Website: www.elmhilllabs.com

Elm Hill Labs has been specializing in the production of guinea pigs exclusively for the research community for over 60 years. All
Elm Hill Hartley Guinea Pigs and Multicolored Guinea Pigs are Virus-Antibody-Free. We take pride in being recognized throughout
the industry for the excellent quality of our guinea pigs, for outstanding service, and for our genuine concern for each customer’s
particular needs.

ELSIE518
1500 K Street, NW
Washington, DC 20005
Contact: Kristin Krisko

   Tel: 202.230.5921
    

Email: elsie.reply@dbr.com
Website: www.elsiedata.org

Exhibit Information

7 Kidder Road
Chelmsford, MA 01824
Contact: Breanna Knight

418

The Extractables and Leachables Safety Information Exchange (ELSIE) consortium is the preeminent organization recognized
for its expert knowledge of extractables & leachables (E&Ls) in the biopharmaceutical and medical device industry. Through the
development of a comprehensive ELSIE Knowledge Base, proactive networking, and regulatory engagement, ELSIE positively
impacts E&L science and saves members’ resources.

emka TECHNOLOGIES, Inc.
307 Annandale Road, Suite 203
Falls Church, VA 22042

207
   Tel: 703.237.9001
   Fax: 703.237.9006

Email: emkatech@emkatech.com
Website: www.emkatech.com

Complete range of precision instruments for preclinical research in cardio, neuro, and respiratory applications. GLP-compliant
software and dedicated services for data analysis and system validation are available: (1) easyTEL: powerful and cost-effective
small and large animal implantable telemetry system; (2) rodentPACK: wireless monitoring of biopotentials, temperature, and
activity in rodents; (3) emkaPACK 4G: compact and powerful renowned noninvasive telemetry solution.

Emulate Inc.
27 Drydock Avenue 5th Floor
Boston, MA 02110
Contact: Dianna Fox

513
   Tel: 224.430.4690
    

Email: dianna.fox@emulatebio.com
Website: www.emulatebio.com

Based on our Organs-on-Chips technology, we have created a Human Emulation System that provides a high-fidelity window into
the inner workings of human biology and disease. The platform offers researchers a new standard for predicting how a human
may respond to medicines, chemicals, and foods—with greater precision and control than today’s cell culture or animal-based
testing methods.

EPL Archives
45610 Terminal Drive
Sterling, VA 20166
Contact: Jeff Goddard

216
   Tel: 703.435.8780
   Fax: 703.435.1330

Email: jgoddard@eplarchives.com
Website: www.eplarchives.com

EPL Archives provides its service to over 85% of the top 50 pharmaceutical companies in the industry. EPL has been providing
regulatory-compliant archiving and related services since 1978 and is recognized internationally as a leader in the archival field.
Our professional services include packaging, transportation, material preparation, inventory, and specialized archiving of wet
tissue, blocks, slides, paper data, test articles, radio-labeled specimens, and refrigerated and frozen samples.

EPL, Inc.
PO Box 169
Sterling, VA 20167
Contact: Jadrian Helms

209
   Tel: 703.471.7060
   Fax: 703.471.8447

Email: jhelms@epl-inc.com
Website: www.epl-inc.com

Experimental Pathology Laboratories, Inc. (EPL), is the world’s largest independent provider of GLP-compliant toxicologic
pathology services. Since 1971, EPL has provided necropsy and histology support and pathology evaluation and consultation,
including pathology peer review and organizing Pathology Working Groups (PWG) for industry and government clients. We are
able to customize our services to meet our clients’ specific scientific, regulatory, and management objectives.
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WE ARE

ALTASCIENCES.
COME THRIVE WITH US.
Preclinical & Clinical Research
Bioanalysis
Research Services
Start Your Journey at

BOOTH #316

altasciences.com
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Eurofins Agroscience Services
   Tel: 573.777.6355
    

Email: jasontyler@eurofinsus.com
Website: www.eurofins.com/agroscience-services

With over 30 years of experience in the crop protection industry, Eurofins Agroscience Services conducts field and laboratory
studies to determine the safety and efficacy of new agrochemicals. Our technical activities include field studies, worker exposure
studies, ecotoxicology, analytical services, physicochemical property testing, and environmental fate laboratory and field studies.
This service offering is continuously developed by knowledge transfer initiatives between the group’s various centers of expertise
across the globe.

Envol Biomedical
555 Madison Avenue, 5th Floor
New York, New York 10022
Contact: Alain Stricker-Krongrad

500
   Tel: 833.757.8839

Email: info@envolbio.com
Website: www.envolbio.com

Exhibit Information

7200 E. ABC Lane
Columbia, MO 65203
Contact: Jason Tyler

102

Envol Biomedical is a US-based CRO that offers non-human primates preclinical pharmacokinetic, pharmacodynamic and
investigative toxicology services. We are dedicated to providing cost-effective quality studies using the largest population of
readily available naive and non-naive nonhuman primates in the continental US.

Experimur313
4045 S. Morgan Street
Chicago, IL 60609
Contact: Farah Denahan

   Tel: 773.254.2700-232
   Fax: 773.254.2723

Email: fdenahan@experimur.com
Website: www.experimur.com

Experimur is a full-service CRO with extensive capabilities in the conduct of preclinical toxicology studies. Place your programs
with Experimur and experience the superiority of a team skilled with decades of expertise and top-quality and unmatched service.
We invite you to visit our spectacular, custom-built, AAALAC-accredited, 54,000 sq. ft., intelligently designed facility and vivarium,
including extensive in-house support services for histology, diagnostic pathology, clinical pathology, and analytical chemistry.

Exsera BioLabs

502

1775 Aurora Court, MS B115 Room 3105    Tel: 303.724.7592
Aurora, CO 80045
   Fax: 303.724.7581
Contact: Ashley Frazer-Abel

Email: exserabiolabs@ucdenver.edu
Website: www.exserabiolabs.org

While we may be a new lab, we are not new to the field of complement, immune complex, anaphylactoid safety/tox, or biomarker
testing. Our director has written 100+ Principal Investigator reports and overseen many more studies of protein and novel
molecular entities. With a technical team with decades of experience in regulated preclinical and clinical testing, Exsera BioLabs
has the capability and experience to manage your unique issues or complex results with expertise that makes a difference.

Frontage Laboratories
700 Pennsylvania Drive
Exton, PA 19341
Contact: Katie Ludwick

214
   Tel: 215.697.1718

Email: katie.ludwick@frontidabiopharm.com
Website: www.frontagelab.com

Frontage is a full-service CRO that closely collaborates with pharmaceutical and biotech companies to help them bring promising
drug candidates to market. With 14 locations in the US and China, Frontage has been assisting clients in their drug development
efforts since 2001. Spanning from preclinical through late-stage development, its full-service offerings include DMPK, Bioanalytical
Services for Small and Large Molecule and Biomarkers, CMC, Early Stage Clinical Services, and Full Biometrics Support.

Genetic Toxicology Association
1712 DaVinci Lane
Clarks Summit, PA 18411
Contact: Leon Stankowski

   Tel: 570.510.6397

106
Email: leon.stankowski@crl.com
Website: www.gta-us.org

The Genetic Toxicology Association is an educational and scientific organization that was founded in 1975. GTA’s primary purpose
is to promote the development of the science of genetic toxicology and to foster the exchange and dissemination of information
related to genetic toxicology.
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HistoTox Labs, Inc.
   Tel: 636.222.3205
    

Email: jdebold@histotoxlabs.com
Website: www.histotoxlabs.com

HTL is a GLP-compliant CRO that specializes in IHC but is also very experienced in routine and specialized histology and
histopathology of specialized target areas and tissues. We provide extensive support of model development and toxicology
studies and are very proficient in digital image analysis, to include the most current of applications.

IIT Research Institute (IITRI)
10 W 35th Street
Chicago, IL 60616
Contact: Patricia Ahrweiler

208
   Tel: 312.567.4924
   Fax: 312.567.4106

Email: pahrweiler@iitri.org
Website: www.iitri.org

IIT Research Institute (IITRI) is a preclinical CRO delivering comprehensive and high-quality drug discovery and GLP safety testing
services. We provide our sponsors with a highly experienced and collaborative scientific team for seamless study execution. Areas
of specialty include complete GLP safety testing to support IND and NDA submissions, bioanalytical services through Phase II
clinical trials, inhalation toxicology, cancer drug development, and extensive infectious disease capabilities.

Exhibit Information

2108 55th Street, Suite 110
Boulder, CO 80301
Contact: Jody DeBold

305

Instem113
161 Washington Street, Suite 1550
Conshohocken, PA 19428
Contact: Gary Mitchell

   Tel: 610.941.0990
    

Email: gary.mitchell@instem.com
Website: www.instem.com

Instem is helping clients bring life-enhancing products to market faster with solutions such as: (1) Submit™—The most widely
adopted SEND software and outsourced services. Learn how to Submit with Confidence while generating value from your SEND
data. (2) KnowledgeScan™ Target Safety Assessment Service—Setting new standards in biological target profiling. A pioneering
technology-enabled service delivering comprehensive, consistent, high-quality TSAs. (3) Provantis®—The leading SaaS solution for
preclinical study management.

Integrated Laboratory Systems, Inc.
PO Box 13501
Research Triangle Park, NC 27709
Contact: Amie Hon

   Tel: 919.973.6771
   Fax: 919.281.1118

217
Email: ahon@ils-inc.com
Website: www.ils-inc.com

ILS provides customized solutions for customers in both commercial and government segments. We are a leading company with
world-class scientists in toxicology, histopathology, genomics, and the environmental and information science fields. ILS has a
flexible and comprehensive service model. We provide an entire suite of services consisting of study design, execution, sample
analysis, and scientific interpretation/dissemination, or we can provide individual components that meet your needs.

IONTOX, LLC
4717 Campus Drive
Kalamazoo, MI 49008
Contact: Maryam Famourzadeh

105
   Tel: 269.372.3395
    

Email: info@iontox.com
Website: www.iontox.com

IONTOX is a biotechnology company founded in 2014 dedicated to providing expertise to the area of in vitro toxicology, with a
mission to build improved methods for predicting human adverse effects from chemical exposure. Stop by our booth at ACT 2019
to learn about the company’s latest developments in applied in vitro technology, including a mesoscale multiple organ in vitro test
platform, HuDMOP™.

ITR Laboratories Canada Inc.
19601 Clark Graham Boulevard
Baie D Urfe (Montreal), QC H9X 3T1
Canada
Contact: Mark T. Crane

   Tel: 425.420.6766
   Fax: 514.457.7303

218
Email: mcrane@itrlab.com
Website: www.itrlab.com

Located in Canada, ITR Laboratories, a midsize global CRO, provides a comprehensive array of nonclinical services for the
biopharmaceutical industry in support of IND and later-stage regulatory submissions. ITR offers GLP and non-GLP studies in
general, inhalation, infusion, genetic and reproductive toxicology, carcinogenicity, and safety pharmacology that are compliant
with current international guidelines. Work with us and discover how pleasant and productive a customer-centric philosophy
can be.
American College of Toxicology 40th Annual Meeting 2019

137

Supporter Advertisement

s
r
e
w
s
an
7
0
3
h
t
boo

FI N D T H E

T
A
D
E
E
N
YOU

Proud supporter of ACT’s mission to EDUCATE, LEAD AND SERVE!
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Leadscope, Inc.
   Tel: 614.675.3768
   Fax: 614.675.3732

Email: mconley@leadscope.com
Website: www.leadscope.com

Leadscope produces high-quality QSAR models and databases. Our Model Applier meets all the requirements of the ICH M7
guidance on testing for impurities. In addition, our Model Applier produces an ICH M7 consensus prediction as used by the
US FDA. Our consensus prediction incorporates the statistical QSAR models, expert alerts results, and experimental data. The
Regulatory Submission Tool is a wizard-based tool to facilitate the creation of an expert opinion in a consistent and repeatable
manner.

Lhasa Limited
Granary Wharf House, 2 Canal Wharf,
Leeds, LS11 5PS United Kingdom
Contact: Lorraine Bowe

416
    Tel: +44 (0)113.394.6020
   Fax: +44 (0)113.394.6099

Email: lorraine.bowe@lhasalimited.org
Website: www.lhasalimited.org

Exhibit Information

1393 Dublin Road
Columbus, OH 43215
Contact: Michael Conley

409

Lhasa Limited is a pioneer in developing high-quality software that delivers scientifically robust and trusted results. With
knowledge of toxicology, metabolism, and degradation chemistry, Lhasa draws upon over 35 years of experience to create stateof-the-art in silico prediction and database systems for use in workflows such as ICH M7. All science is developed in-house by
Lhasa, providing users with the opportunity to discuss queries directly with Lhasa expert scientists.

Lovelace Biomedical
2425 Ridgecrest Drive SE
Albuquerque, NM 87108
Contact: Maggie McMullen

412
   Tel: 202.819.5108
   Fax: 505.348.8542

Email: mmcmullen@lovelacebiomedical.org
Website: www.lovelacebiomedical.org

Lovelace Biomedical is a contract research organization that helps pharmaceutical and biotechnology companies advance their
complex drug development studies from the preclinical stage and on to clinical trials. For over 70 years Lovelace has leveraged
its multidisciplinary expertise in toxicology, gene therapy, medical countermeasures, and more, providing excellent preclinical
research.

Marshall BioResources
5800 Lake Bluff Road
North Rose, NY 14516
Contact: Nicole Navratil

306
   Tel: 315.587.2295
   Fax: 315.587.2109

Email: nnavratil@marshallbio.com
Website: www.marshallbio.com

Our mission is to be the premier global source of animals and related services for biomedical and veterinary research. Our animal
models include conventionally raised and APD/SPF Marshall Beagles® and Cats, Influenza-free Marshall Ferrets®, Mongrels/Hounds,
IFN knockout Mice (AG129 and A129), and SPF Guinea Pigs, and we are the exclusive provider of Göttingen Minipigs® in North
America.

MilliporeSigma304
14920 Broschart Road
Rockville, MD 20850
Contact: Amy LaRocca

   Tel: 301.738.1000
    

Email: amy.larocca@milliporesigma.com
Website: www.bioreliance.com

MilliporeSigma, the life science business of Merck KGaA, Darmstadt, Germany, provides specialized BioReliance® Toxicology
services across all industries, focusing on broad genetic toxicology GLP regulatory assays and non-GLP predictive screening
services. We offer comprehensive services for the detection of toxic, mutagenic, clastogenic, and morphological transforming
activity in a number of well-characterized test systems.

MRIGlobal504
425 Volker Boulevard
Kansas City, MO 64110
Contact: Jay Palm

   Tel: 816.326.5968
    

Email: info@mriglobal.org
Website: www.mriglobal.org

MRIGlobal addresses some of the world’s greatest threats and challenges. Founded in 1944 as an independent, nonprofit
organization, we perform contract research for government, industry, and academia. Our customized solutions in national
security, defense, and global health include research and development capabilities in clinical research support, infectious disease,
biological threat agent detection, global biological engagement, in vitro diagnostics, and laboratory management and operations.
American College of Toxicology 40th Annual Meeting 2019
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International
Journal of
Toxicology

SAGE Publishing, in association with ACT,
is the proud publisher of International
Journal of Toxicology (IJT), the official
journal of ACT. IJT offers academic, industry,
and regulatory toxicologists, as well as
toxicology consultants, timely, peerreviewed, multidisciplinary articles and
incisive reviews on contemporary issues
in toxicology, plus safety assessments,

novel approaches to toxicological testing,
mechanisms of toxicity, biomarkers, and
risk assessment. Below are the top reasons
to submit your research to IJT:
• Quick turnaround time after submission
• Broad coverage of the toxicology field
• Free color images in the online edition
• No submission, acceptance, or page

charge fees

journals.sagepub.com/home/ijt
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MultiCASE Inc.
   Tel: 216.831.3740
   Fax: 216.831.3742

Email: sales@multicase.com
Website: www.multicase.com

MultiCASE collaborates with the US FDA to create models using statistical and expert rule-based QSAR methodology. These
models are built using our software program, CASE Ultra, to evaluate pharmaceutical impurities in accordance with ICH M7.
In addition to bacterial mutagenicity, we have models used to assess other toxicological endpoints such as genotoxicity,
carcinogenicity, etc. All our models follow OECD guidelines and can also be used to satisfy the information requirements listed
in REACH.

National Jewish Health
1400 Jackson Street
Denver, CO 80206-2761
Contact: Tom Kaczka

405
   Tel: 303.398.1303
   Fax: 303.270.2175

Email: kaczkat@njhealth.org
Website: www.njlabs.org

Exhibit Information

23811 Chagrin Boulevard, Suite 305
Beachwood, OH 44122
Contact: Roustem Saiakhov

413

The National Jewish Health Advanced Diagnostic Laboratories offer preclinical and clinical testing services under CAP/CLIA/
ISO15189 and US FDA GLP. The Complement Laboratory offers a comprehensive specialized test menu, study design, and
data analysis based on a proven track record with a variety of test systems and test articles. Complement activation, cytokines
assessment, ADA, and immune complex formation assays for biologics, vaccines, particulars, devices, antibodies, nanoparticles,
and oligonucleotides.

NC3Rs315
Gibbs Building, 215 Euston Road
London, London NW1 2BE
United Kingdom
Contact: Helen Prior

    Tel: +44 (0) 20 7611 2233
    Fax: +44 (0)20 7611 2260

Email: enquiries@nc3rs.org.uk
Website: www.nc3rs.org.uk

The National Centre for the Replacement, Refinement and Reduction of Animals in Research (NC3Rs) is an independent scientific
organization. It supports the UK science base by driving and funding innovation and technological developments that replace or
reduce the need for animals in research and testing and lead to improvements in welfare where animals continue to be used.

Noble Life Sciences, Inc.
1500 Fannie Dorsey Road
Sykesville, MD 21784
Contact: Srujana Cherukuri

503
   Tel: 410.972.2222
   Fax: 410.972.2242

Email: scherukuri@noblelifesci.com
Website: www.noblelifesci.com

Noble Life Sciences is a preclinical contract research organization (CRO) owned and operated by scientists with decades of
experience in drug, vaccine, and medical device development. In addition to offering GLP and non-GLP services, including in vivo
and in vitro specialized models, Noble’s team of scientists implements effective and efficient approaches to help guide your
research and development programs.

Novabiosis
7020 Kit Creek Road
Morrisville, NC 27560
Contact: Matthew Shipton

121
   Tel: 833.354.1965

Email: matthew.shipton@novabiosis.com
Website: www.novabiosis.com

Novabiosis is the premier provider of whole non-transplantable human organs and isolated human primary cells for a variety
of research applications. Our products allow researchers the ability to use actual human material; offering more realistic results
compared to nonhuman materials.

Nucro-Technics407
2000 Ellesmere Road #16
Scarborough, ON M1H 2W4 Canada
Contact: John C. Fanaras

   Tel: 416.438.6727
   Fax: 416.438.3463

Email: fanaras@nucro-technics.com
Website: www.nucro-technics.com

Nucro-Technics is a CRO operating since 1970 that provides preclinical toxicology, pharmacokinetic, bioanalytical, genetic
toxicology, and biomarker analysis services to the pharmaceutical, medical device, and biotech industries. Our experience working
with a wide array of large and small molecules has earned us our reputation as the CRO-of-choice for many companies. We are
AAALAC accredited and have been inspected by both the US FDA and Health Canada, as well as the SCC, for compliance to GLP.
American College of Toxicology 40th Annual Meeting 2019

141

Supporter Advertisement

SPEND SMART. SUCCEED SOONER.

SCIENTIFIC AND REGULATORY CONSULTING
FOR THE HEALTHCARE PRODUCT INDUSTRY
SciLucent provides multidisciplinary
consulting services to manufacturers
of pharmaceuticals, biologics, medical
devices, combination products, and
cosmetic and food ingredients.

Our strengths in nonclinical program
support include:
•
• Regulatory communications
• Program strategy and management
• Nonclinical study reports and regulatory
document preparation and publishing
• Product life cycle management

SciLucent, LLC
585 GROVE ST, SUITE 300, HERNDON, VA 20170
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1.703.435.0033

WWW.SCILUCENT.COM
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PDS Life Sciences
   Tel: 973.398.2800-11
   Fax: 815.642.4287

Email: maro.schuster@pdslifesciences.com
Website: www.pdslifesciences.com

PDS provides software and solutions for life sciences R&D. For more than 39 years, we’ve developed software by a team that
understands the workflow of laboratories. PDS’ Ascentos™ preclinical software is your integrated suite of toxicology information
management solutions. PDS also offers TranSEND™, the all-encompassing software solution to get your data SEND-ready. PDS’
SEND Express is the all-in-one solution for outsourced SEND dataset generation executed by our team of toxicologists and
compliance experts.

PhoenixBio Co., Ltd.
3-4-1 Kagamiyama
Higashi-Hiroshima, Japan

514
   Tel: 212.379.6411
    

Email: rpbd2.pxbusa@phoenixbiousa.com
Website: www.phoenixbio.co.jp/en

Exhibit Information

100 Valley Road, Suite 204
Mt. Arlington, NJ 07856
Contact: Maro Schuster

303

PhoenixBio produces the PXB-Mouse®, the world’s most widely used humanized liver chimeric mouse model for drug discovery
and development. Consisting of up to 98% human hepatocytes, the PXB-Mouse® model optimizes and accelerates preclinical
drug development with accurate and predictable human translatability in the research fields of DMPK/Safety, NASH/NAFLD,
Oligonucleotide Therapy, and HBV/HCV. PhoenixBio also produces fresh human hepatocytes isolated from the PXB-Mouse® for
in vitro research.

Porsolt508
ZA de Glatigne
Le Genest Saint Isle, 54950 France
Contact: Guillaume Froget

    Tel: 33 243693607
    

Email: contact@porsolt.com
Website: www.porsolt.com

Porsolt, a long-established, AAALAC-accredited, and fully GLP-compliant preclinical CRO, has been providing efficacy and safety
pharmacology services for over 30 years, covering the drug development process from early screening through regulatory
submission. Porsolt provides in vitro assays (high-throughput screening, high content analysis, and high content histology) and
physiopathological models in multiple species and multiple disease areas, tailored solutions, and bespoke model development.

PreClinical Research Services, Inc.
1512 Webster Court
Fort Collins, CO 80524
Contact: Maralee McVean

   Tel: 970.232.1122
   Fax: 970.232.1126

204
Email: mmcvean@preclinicalresearch.com
Website: www.preclinicalresearch.com

PCRS offers GLP and non-GLP preclinical services supporting pharmacokinetic, pharmacology, toxicology, and medical device
studies using purpose-bred small and large animal species. We provide rapid start-up and conduct studies efficiently and with
critical oversight, with a timely, comprehensive final report. We understand that time, money, and quality are essential in meeting
our clients’ goals.

Product Safety Labs
2394 Highway 130
Dayton, NJ 08810
Contact: Cheryl Levin

109
   Tel: 732.438.5100
    

Email: cheryllevin@productsafetylabs.com
Website: www.productsafetylabs.com

For over 40 years PSL has provided Toxicological Research, Analytical Chemistry, and other testing services. PSL is able to
assist their clients by providing data to support a variety of needs, including custom-designed studies, product and discovery
development, preclinical safety evaluations, product stewardship, regulatory compliances, and risk assessment. PSL prides itself on
its commitment to quality, offering competitive pricing and on-time reports delivered through a team of expert, professional staff.

QPS, LLC
Three Innovation Way, Suite 240
Newark, DE 19711

206
   Tel: 302.369.5129
    

Email: info@qps.com
Website: www.qps.com

QPS is a GLP/GCP-compliant CRO that supports discovery, preclinical, and clinical drug development. We provide quality services
in Neuropharmacology, DMPK, Toxicology, Bioanalysis, Translational Medicine, and Early & Late Phase Clinical Research to clients
worldwide. For more information, visit www.qps.com.
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Resero Analytics
5209 Woodside Drive
Indianapolis, IN 46228
Contact: David Watson

415
   Tel: 317.997.1651
    

Email: dave@reseroanalytics.com
Website: www.reseroanalytics.com

Resero Analytics creates software and data products for toxicologists, pathologists, and regulatory scientists in pharma, CROs,
and regulatory agencies. Our first products automate production of toxicology study reports, and benchmark toxicology data to
600 US FDA–approved New Molecular Entities, using SEND files as source data. Demos will be running at our booth. Come check
us out!

SafeBridge Consultants, Inc.
1924 Old Middlefield Way
Mountain View, CA 94043
Contact: Kent Rader

108
   Tel: 650.237.9969
    

Email: kent.rader@safebridge.com
Website: www.safebridge.com

SafeBridge Consultants, Inc. (“SafeBridge”), is the premier resource for high-level safety, health, and environmental support to the
pharmaceutical and biotechnology industry. SafeBridge is composed of industry leaders in toxicology, analytical chemistry, and
industrial hygiene. SafeBridge is a leader in the pharmaceutical industry field of advanced worker protection programs for potent
API and product handling. SafeBridge has locations in Mountain View, California; New York City; and Liverpool, England.

SAGE Publishing, Inc.
2455 Teller Road
Thousand Oaks, CA 91320
Contact: Lisa LaMont

520
   Tel: 805.410.7239
   Fax: 805.499.0871

Email: lisa.lamont@sagepub.com
Website: www.sagepublishing.com

Sara Miller McCune founded SAGE Publishing in 1965 to support the dissemination of usable knowledge and educate a global
community. SAGE publishes journals, books, and library products spanning a range of subject areas. SAGE remains majority
owned by our founder, who has ensured that the company will remain permanently independent.

Better Health,
Brighter Future
There is more that we can do to help improve
people’s lives. Driven by passion to realize this
goal, Takeda has been providing society with
innovative medicines since our foundation
in 1781.
Today, we tackle diverse healthcare issues
around the world, from prevention to life-long
support and our ambition remains the same:
to find new solutions that make a positive
difference, and deliver better medicines that
help as many people as we can, as soon as
we can.
With our breadth of expertise and our
collective wisdom and experience, Takeda will
always be committed to improving the future
of healthcare.
Takeda Pharmaceutical Company Limited
www.takeda.com
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SAI Infusion Technologies
   Tel: 847.356.0321
   Fax: 847.356.0382

Email: lpinkos@sai-infusion.com
Website: www.sai-infusion.com

At SAI, we don’t just make great infusion products, we make them work for you. SAI designs and manufactures systems for
preclinical infusion and sampling. Our scientists provide complete training for our systems, including wireless-infusion software
(Axios), pumps, harnesses, access ports, jackets, swivels, catheters, and virtually everything else for infusion or sampling research.
Our focus is on helping animal researchers get work done faster, with the best products and even better support.

SEKISUI XenoTech
1101 West Cambridge Circle Drive
Kansas City, KS 66103
Contact: Michael Millhollen

505
   Tel: 913.438.7450
   Fax: 913.227.7100

Email: info@xenotechllc.com
Website: www.xenotech.com

Exhibit Information

278 Park Avenue
Lake Villa, IL 60046
Contact: Liane Pinkos

403

SEKISUI XenoTech is a global contract research organization trusted by 98% of top pharmas and numerous other organizations,
with 25 years of unparalleled ADME/DMPK/DDI experience and proven expertise from discovery through clinical support,
providing cell and tissue-based products, screening, radiolabeling, API manufacturing, in vitro ADMET and pharmacology, in vivo
ADMET and QWBA, metabolite ID and production, bioanalytical services, and consulting. Learn more at www.xenotech.com.

Sequani Limited
Bromyard Road
Ledbury, Herefordshire HR8 1LH
United Kingdom
Contact: Laurence Bishop

104
    Tel: +44 1531 638255

Email: laurence.bishop@sequani.com
Website: www.sequani.com

We are a vastly experienced CRO specializing in nonclinical toxicology. Our expertise spans the full spectrum of modern research
programs. Add to that a determination to meet deadlines and flexibility to react quickly as needs change, and you have a
progressive, go-getting, world-class CRO that is always on your side.

Sinclair Research Center, LLC
PO Box 658
Columbia, MO 65205
Contact: George Kerrick

   Tel: 573.387.4400
   Fax: 573.387.4404

406
Email: gkerrick@sinclairresearch.com
Website: www.sinclairresearch.com

Toxicology and efficacy studies in 16 species including NHP, acute-chronic, IND enabling studies. TK/PK/ADME with
nonradiolabeled compounds. Specialists in dermal, wound-healing, ocular, and juvenile toxicology studies. Surgical Services:
orthopedic, wound-healing, vascular/GI access cannulas in large animals, and many pharmacology models. Animal Models:
Type I/II diabetes, inflammation, ocular, dyslipidemia, obesity, osteoporosis, transdermal delivery, melanoma, cardiovascular.

SNBL103
2438 Miyanoura
   Tel: 81.992.94.2600
Kagoshima, Kagoshima 892-1394 Japan     
Contact: Jenn Fukuyama

Email: fukuyama-jenn@snbl.co.jp
Website: www.snbljapan.com

Shin Nippon Biomedical Laboratories, Ltd. (SNBL), is Japan’s oldest and largest preclinical CRO. SNBL is a full-service CRO that
has specialized experience in DART studies as well as other safety toxicology studies. We provide safety testing as well as custom
efficacy models using our wide variety of imaging modalities. We are ready to support your drug or medical device in our
GLP facilities.

Society of Quality Assurance (SQA)
154 Hansen Road, Suite 201
Charlottesville, VA 22911
Contact: Alison Cockrell

   Tel: 434.297.4772
    

516
Email: alison.cockrell@sqa.org
Website: www.sqa.org

SQA is a membership society dedicated to advancing the ethics, principles, and knowledge of quality assurance essential to
human, animal, and environmental health. Members perform duties relating to quality assurance of nonclinical laboratory studies
subject to the good laboratory practice regulations of the US EPA and the US FDA; clinical studies subject to the good clinical
practice regulations of the US FDA and the ICH; and Current Good Manufacturing Practices worldwide.
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Southern Research
2000 Ninth Avenue South
Birmingham, AL 35205
Contact: Freida Lindsey

404
   Tel: 800.967.6774
    

Email: flindsey@southernresearch.org
Website:

www.southernresearch.org/drug-development

Since 1968, Southern Research has conducted nonclinical safety assessment evaluations for both small molecules and biologics.
The Southern Research Toxicology Team is committed to providing the highest-quality regulatory-compliant services. We perform
a wide variety of study types, including developmental and reproductive toxicology. With the support of our bioanalytical
sciences, QA, and BSL-2 containment facilities, we are well equipped to support your nonclinical development projects.

StageBio212
5930 Main Street
Mt. Jackson, VA 22842
Contact: Sam Jeffrey

   Tel: 513.204.4400
    

Email: sjeffrey@stagebio.com
Website: www.stagebio.com

StageBio is the leading provider of preclinical histology, pathology, and specimen archiving services for the biopharmaceutical,
medical device, and CRO industries. Our pathology capabilities include toxicologic, carcinogenicity, reproductive, inhalation,
wound-healing models, and IHC. We have special expertise in otic, ocular, neuropathology, and medical device work. With multiple
laboratory locations, GLP archiving, a reputation for quality, and a client-centric approach, StageBio is your research partner.

Syngene International Limited
Plot No. 2&3, Bommasandra IV Phase,
Jigani Link Road
Bangalore, Karnataka 560099 India
Contact: Ankush Malik

105

    Tel: +9180 2808 5453

Email: ankush.malik@syngeneintl.com
Website: www.syngeneintl.com

Syngene International an innovation-focused global discovery, development and manufacturing organization provides integrated
services to pharmaceutical, biotechnology, nutrition, animal health, consumer goods, and specialty chemicals industries across
the world. Our clientele includes BMS, Baxter, Amgen, GSK, etc. Our innovative culture is driven by a strong team of over 3,500
scientists working with clients around the world to improve R&D productivity while reducing development time and cost.

TNO107
Utrechtseweg 48
Zeist, Utrecht 3704HE Netherlands
Contact: Simon Folkertsma

    Tel: +31 88 86 64745
    

Email: infodesk@tno.nl
Website: www.tno.nl

TNO is a Dutch research organization with established services and expertise in early safety assessments, including (1) target
safety assessments (TSAs)—complete in silico analysis on a target’s safety; (2) Target Intelligence Platform (TargetTri)—for
extraction, visualization, and interpretation of public safety data; (3) GI safety—applying our InTESTine (ex vivo) model, i-screen
(microbiome analysis platform), or organoids; (4) cardiovascular safety—using our unique preclinical CV models.

Toxikon Corporation
15 Wiggins Avenue
Bedford, MA 01730
Contact: Jared Sciarappa

119
   Tel: 781.275.3330
    

Email: jared.sciarappa@toxikon.com
Website: www.toxikon.com

Toxikon is a leading preclinical contract research organization (CRO) providing in vivo, in vitro, and analytical testing services
for the pharmaceutical, biotechnology, and medical device industries—helping those companies gain approval for their
products quickly and bring them to market successfully. We deliver exceptional product development services from concept to
final product.

ToxPlanet419
PO Box 12328
Wilmington, NC 28405
Contact: Matt Timberlake

   Tel: 704.896.7499
    

Email: mtimberlake@toxplanet.com
Website: www.toxplanet.com

Powered by the largest database of its kind, ToxPlanet lets you spend your time considering, analyzing, and using the research
rather than looking for it. Speed up your risk assessments, find analog data for read-across, and fast-track your alternative
assessments using ToxPlanet’s unique index to find the content you need.
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Toxys 
    Tel: +31 71 3322470
    

Email: g.hendriks@toxys.com
Website: www.toxys.com

Toxys is an innovative Dutch CRO that provides next-generation genotoxicity testing services to rapidly identify potential
carcinogenic properties of novel compounds during the early phases of product and drug development. Our ToxTracker assay is a
state-of-the-art stem cell–based reporter system to identify various potentially carcinogenic properties of novel compounds with
a superior sensitivity and specificity compared with conventional in vitro (geno)toxicity tests available on the market.

Turner Scientific LLC 
1225 Tendick Street
Jacksonville, IL 62650
Contact: Annette Turner

114
   Tel: 217.602.0306
    

Email: annette@turnerscientific.com
Website: www.turnerscientific.com

Exhibit Information

Robert Boyleweg 4
Leiden, ZH 2333 CG Netherlands
Contact: Giel Hendriks

417

Turner Scientific is a leader in preclinical hearing contract research services. We provide a wide variety of behavioral audiogram,
electrophysiological (ABR), histological, and quantitative immunohistochemical studies to assess ototoxicity, hearing,
and tinnitus. Multiple drug administration pathways and noise exposure models are available for our pharmaceutical and
biotechnology sponsors.

Viitai LLC
388 Market Street, Suite 1300
San Francisco, CA 94111
Contact: Jeff Cao

215
   Tel: 415.827.8288
    

Website: www.viitai.com

Viitai is a leading software company committed to developing and bringing state-of-the-art and disruptive applications to the life
science industry. NCST (Nonclinical Study Tracker) and BDL (Biodigital Library) are two of our leading solutions built to significantly
improve efficiency and regulatory compliance for young or established companies.

Worldwide Primates, Inc.
PO Box 971279
Miami, FL 33197
Contact: Ira Block

219
   Tel: 305.378.9585
   Fax: 305.232.3838

Email: sales@wwprimates.com
Website: www.wwprimates.com

Since 1980, Worldwide Primates has been a leading supplier of both imported and domestic bred non-human primates. We
are licensed/registered by USDA, CDC, and AAALAC accredited. Our extensive inventory allows for a rapid study initiation. Our
research models include: Cynomolgus, Rhesus, Marmosets, Caribbean/African Greens, Baboons, Squirrel Monkeys, and Capuchins.

WuXi AppTec
2540 Executive Drive
St. Paul, MN 55120
Contact: Lindsey Schwenk

317
   Tel: 269.506.6758
    

Email: lindsey_schwenk@wuxiapptec.com
Website: labtesting.wuxiapptec.com

WuXi AppTec Laboratory Testing Division is a comprehensive and integrated testing platform for drug and medical device
development. We operate with full transparency, providing the high-quality data you need to advance your project while meeting
international standards for regulatory compliance and maintaining industry-leading turnaround times. The Laboratory Testing
Division consists of three integrated testing platforms: Preclinical Drug Development, Clinical Drug Development, and Medical
Device Testing.
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Senior Program
Manager

Meetings
Manager

Maureen Bayley, CMP
Email: mbayley@actox.org
Ext. 1443

Becca Isakower
Email: bisakower@actox.org
Ext. 1447

Jessica Fasanella, CMP
Email: jfasanella@actox.org
Ext. 1444

Exhibits and
Corporate Support Manager

Program and
Membership Manager

Liz Kasabian
Email: exhibits@actox.org
Ext. 1437

Jordan Ballance
Email: jballance@actox.org
Ext. 1425

The Annual Meeting is the heart of the American College
o f To x i c o l o g y. T h i s N o v e m b e r g a t h e r i n g b r i n g s t o g e t h e r
a community of toxicologists at small venues conducive
to idea exchange, networking, and continuing education.
Programs are member-driven, pharma-focused, and
organized to maximize learning oppor tunities.
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Welcome New Members
(November 2018–September 2019)
Adedayo Adebisi

Eric Gaukel

Ellen McGlinchey

Sumitra Sengupta

Adeolu Aderemi

Rachel Goldsmith

Kimberly McHale

Songyeon Ahn

Jessica Grieves

Kamakshi Mehta

Dayananda
Siddappa Thimmanahalli

Gabriel Ajayi

Samantha Hall

Dan Mellon

Angela Aliberti

Rhiannon Hardwick

Emily Meseck

Madhu Anand

Jenna Harrigan

Jessica Meyers

Steven Anderson

Susan Emeigh Hart

Isaac Mohar

Idowu Aneyo

Katie Hobbing

Christine Moore

John Ansede

Niel Hoglen

Nikolas Morrison-Welch

Mallikarjuna Basavarajappa

Madelyn Huang

Arantza Muriana

Kelsey Behrens

Rashidat Jimoh

Terry Nett

Abubakar Bello

Diane Joyal

Annalisa Nguyen

Joel Bercu

Kimberly Jurgensen

Mark Osier

Santhosh Bommegowda

Srinivas Kammanadiminti

Tolulope Oyesola

Christopher Bowman

SunJung Kim

Pratheeba Palasuberniam

Chad Brocker

Sruthi King

Shin-Young Park

Danielle Brown

Jacqueline Kinyamu-Akunda

Julia Parker

Ben Burruss

Satoko Kiyota

Laura Patrone

Adhithiya Charli

Tetyana Kobets

John Patterson

Srujana Cherukuri

Chandrashekhar Korgaonkar

Daniel Petkov

Joel Cohen

Nataliia Kovalchuk

Jonathan Phillips

Jason Cordes

Paula Lapinskas

Daniella Pizzurro

Pedro Del Valle

Dong Lee

Logeswari Ponnusamy

Nicole XiaoJun Deng

Yongik Lee

Sara Price

Kevin Denny

Lauren Lewis

Erin Quist

Anh Diep

Yihong Li

Zaher Radi

Funmilayo Doherty

Zheng Li

Iona Raymond

Carolyne Dumont

Oscar Lopez

Asha Rizor

Robert Dunn

Andrew Lynn

Brian Roche

Michelle Eggers

Brinda Mahadevan

Dharmin Rokad

Reem Elbekai

Om Makwana

Marie-Luce Rosseels

Anna Engstrom

Sam Malekiani

Josh Schumacher

Laura Ewing

Melisa Masuda-Herrera

Denise Schwahn

Kathryn Fraser

Courtney McClure

Christopher Scull

American College of Toxicology 40th Annual Meeting 2019

Pramila Singh
Sherrie Smith
Katie Sokolowski
Andrew Sonderfan
Nicole Soucy
Ryan Stansfield
Barbara Stewart
Jungeun Sung

Heath Thomas
Matthias Timberlake
Elaine To
Anthony Trombino

Reference

Daniel Tanner

Michelle Troy
Venkatesha Udupa
Ilonka van Hoof
Barbara Vogt
Sarah Vunck
Changna Wang
Xiaoting Wang
Eric Weber
Abdalla Wedn
Jenny Wen
Jeffrey White
Julie Wilson
Letitia Wong
Mayo Wright
Hong Wu
Hong Xie
Tamara Young
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2019 Corporate Members
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AbbVie Inc.
North Chicago, Illinois

Covance, Inc.
Madison, Wisconsin

Altasciences
Everett, Washington

Eli Lilly and Company
Indianapolis, Indiana

Amgen Inc.
Thousand Oaks, California

Envigo
East Millstone, New Jersey

Astellas Pharma US, Inc.
Northbrook, Illinois

Experimur
Chicago, Illinois

BASi and Seventh Wave Laboratories
Mount Vernon, Indiana

Genentech, Inc.
South San Francisco, California

Battelle
West Jefferson, Ohio

Gilead Sciences, Inc.
Foster City, California

Biogen
Cambridge, Massachusetts

Janssen Research & Development, LLC
Spring House, Pennsylvania

Boehringer Ingelheim Pharmaceuticals, Inc.
Ridgefield, Connecticut

Pfizer Inc.
Andover, Massachusetts

Bristol-Myers Squibb Company
Princeton, New Jersey

Sanofi U.S.
Bridgewater, New Jersey

Calvert Labs
Scott Township, Pennsylvania

Smithers Avanza
Gaithersburg, Maryland

Charles River
Wilmington, Massachusetts

Takeda Pharmaceutical Company Limited
Deerfield, Illinois
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ACT Past Presidents
1978–1979

Myron Mehlman, PhD, ATS* 
Founding President

1979–1980

Irving J. Selikoff, PhD*

1980–1981

Ronald W. Hart, PhD, ATS

1981–1982

Eula Bingham, PhD
(term filled by Dr. Hart)

1982–1983

1998–1999

David W. Hobson, PhD, DABT

1999–2000

Merrill R. Osheroff, PhD, DABT

2000–2001

Suzanne C. Fitzpatrick, PhD, DABT

2001–2002

Robert E. Osterberg, PhD, ATS

2002–2003

John E. Atkinson, PhD, DABT

Roy E. Albert, PhD*

2003–2004

Robert Snyder, PhD, ATS

1983–1984

W. Gary Flamm, PhD, ATS

2004–2005

Patricia Frank, PhD

1984–1985

Arthur Furst, PhD, ScD, ATS*

2005–2006

Leigh Ann Burns Naas, PhD, DABT, ATS, ERT

1985–1986

Marshall Steinberg, PhD, DABT, ATS*

2006–2007

Stephen B. Harris, PhD, ATS, FSB

1986–1987

Gordon W. Newell, PhD, ATS

2007–2008

1987–1988

Robert M. Diener, DVM, ATS*

A. Wallace Hayes, PhD, DABT, ATS, FRSB,
FACFE, ERT

1988–1989

Richard M. Hoar, PhD*

2008–2009

Kenneth L. Hastings, DrPH, DABT, ATS

1989–1990

Carol M. Henry, PhD, DABT

2009–2010

Carol S. Auletta, MBA, DABT, RAC

1990–1991

Shayne C. Gad, PhD, DABT

2010–2011

Russette M. Lyons, PhD

1991–1992

Mildred S. Christian, PhD, ATS*

2011–2012

David G. Serota, PhD, DABT

1992–1993

Karen M. MacKenzie, PhD, DABT

2012–2013

Robin C. Guy, DABT, MS, RQAP–GLP

1993–1994

Richard D. Thomas, PhD, DABT

2013–2014

Drew A. Badger, PhD, DABT

1994–1995

Sharon J. Northup, PhD

2014–2015

Mary Ellen Cosenza, PhD, DABT, RAC, ATS

1995–1996

Sidney Green, PhD, ATS

2015–2016

Hanan N. Ghantous, PhD, DABT

1996–1997

John A. Thomas, PhD, DATS, FACT

2016–2017

Tracey Zoetis, MS

1997–1998

Christopher P. Chengelis, PhD, DABT

2017–2018

Anthony L. Kiorpes, PhD, DVM, DABT

Reference

(ACT was founded in 1977.)

*Deceased

ACT Charter Members
Mohamed Abou-Donia

Edward Jackson

Robert Osterberg

Ceinwen Schreiner

Bruce Bernard

John Johnnidis

Matthew Palazzolo

Van Seabaugh

Morris Cranmer

Ed Kerfoot

Richard Parent

D.P. Sinha

Mike Farrow

Mearl Kilmore

John Pollock

Robert Szot

William George

Perry Kurtz

Sandra Reiss

William Watt

Robert Hinderer

Walter Melvin

Harry Salem

ACT Distinguished Fellows
A. Wallace Hayes (2013)

John Thomas (2003)

Gary Flamm (1989)

Myron Mehlman (1989)

Joe Borzelleca (2012)

Harry Salem (1998)

Art Furst (1989)

Joseph Arcos (1985)
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ACT Endowment Contributors
The American College of Toxicology acknowledges the generosity of these donors who have made contributions to the
ACT Endowment since November 2015. (As of September 1, 2019)

Visionary
($50,000+)

Alan M. Hoberman, in memory of Mildred S. Christian

Benefactor

Advocate

($10,000–$49,999)

($5,000–$9,999)

William J. Brock and Kathy M. McGown
David R. Compton and Tracey L. Spriggs
Robert E. Osterberg, in memory of Ursula Osterberg
Tracey Zoetis

Gary and Florence Burleson
Mary Ellen Cosenza
Anthony L. Kiorpes
Charles Lindamood III Philanthropy Fund
David Serota

Steward

Reference

($1,000–$4,999)

Drew Badger
Biogen
Brad Bolon
Lorrene A. Buckley, in memory of Drew Robert Buckley
Joseph A. Francisco
Patricia Frank, in honor of M. Alice Ottoboni
GEMpath Inc.
Stephen B. Harris, PhD, ATS, FRSB
Kenneth L. Hastings and Hanan N. Ghantous

Douglas B. Learn, in honor of Dr. Alan M. Hoberman
Timothy J. McGovern
Dennis and Leigh Ann Burns Naas
Daniel J. Patrick
Sinclair Research Center
Jeff Tepper
John A. Thomas
Frank E. Young, in memory of Leanne Young

Friend
Anonymous Donor
Carol and Angelo Auletta
Shelley Beazley
Rosonald R. Bell
Cindy L. Berman
Joseph F. Borzelleca
Elena Braithwaite
Alan P. Brown and Family, in memory
of Cameron Ruby
Brian Chanas
Christopher P. Chengelis, in memory
of Robert A. Neal
Deacqunita Diggs
Douglas Donahue, in memory
of Matthew James Nemec
Noel Dybdal
Marion Ehrich
Sandy Eldridge
Bruce A. Fowler
Sabine Francke
Mary Beth Genter
Elliot & Linda Gordon

($20–$999)

Martin D. Green
Jerry F. Hardisty
William R. Hare
Nabil S. Hatoum
Kristina Howard
Janis E. Hulla
J.D. Medical & Toxicology Consulting
Robert W. Kapp, Jr.
Norman Kim
Sheri Klas
Elaine V. Knight
Raluca Kubaszky
Richard Lane
Louise Latriano
Ranulfo Lemus-Olalde
Russette M. Lyons
Michael S. Madejczyk
Parthena M. Martin
James R. Myer
Deborah Novicki
Orr Nonclinical Consulting LLC
Angela D. Page

Renee Pearson Consulting
David J. Pepperl and Family
Laura M. Plunkett
Deepa Rao
Roger Renne
Denise Rodeheaver, PhD
Nancy Rollman
Rosenblum Toxicology Services, LLC
Alexander Schauss
Hilary V. Sheevers
Allen W. Singer
Brandi L. Soldo
Katie Sprugel
Kristy Szretter
Rachel L. Tapp
Elisa Turner, in honor of James
and Shawn Lamb
Heather Wenzel
Suzanne Wolford and Michael Mysak
Suzanne Wolford and Michael Mysak,
in memory of Dr. Matthew J. Palazzolo

Employer’s Matching Contribution

Charles River, on behalf of Joseph A. Francisco
Charles River, on behalf of Douglas B. Learn
Gilead Sciences, Inc., on behalf of Leigh Ann Burns Naas

Novartis, on behalf of Alan P. Brown
Pfizer Inc., on behalf of Patricia Frank
Sanofi US, on behalf of David R. Compton

For more information about the ACT Endowment and to make a contribution, visit www.actox.org.
ACT will make a two-to-one match up to $150,000, for gifts made to the Endowment by December 31, 2019.
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Triple your impact! ACT will match contributions two-for-one,
up to a total of $150,000, through the end of the year!
…$1,000, 000
……$700,000

The balance of the ACT Endowment is currently $700,000.
Help us reach our goal of $1,000,000 by the end of the year!
The ACT Endowment Supports Student Awards Such As:
• ACT North American Travel Grants
• ACT Furst Award
• ACT North American Graduate Fellowships
Contribute to the legacy of the College
by donating to the ACT Endowment.

www.actox.org
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Thank You to Our Annual Meeting Supporters
Silver $2,500–$4,999
Basic & Clinical Pharmacology &
Toxicology (BCPT)

Eli Lilly and Company
Experimur

Biogen

Intertek

Boehringer Ingelheim
Pharmaceuticals, Inc.

ITR Laboratories Canada Inc.

Brock Scientific Consulting, LLC

Sanofi U.S.

Burleson Research Technologies, Inc.

ViiV Healthcare

Calvert Labs, Inc.

WuXi AppTec

Bronze $1,000–$2,499
Academy of Toxicological Sciences

Resero Analytics

Eisai Co., Ltd.

Roundtable of Toxicology Consultants

Gad Consulting Services

Safety Pharmacology Society

Moderna Therapeutics, Inc.

Society of Toxicology

NonClinical Safety Assessment

Stephen B. Harris Group

Parallel 33 Consulting, Inc.

Toxicology Solutions, Inc.

Regulatory and Toxicology Consultants, LLC

ToxStrategies, Inc.

Independent Consultant Supporters
AZ-Pharma Consulting LLC

Patricia Frank & Associates, Inc.

Caren Brown, Tox Consultant

RD Jones & Associates

Colleen Johnson, MS, DABT

River Bluff Associates LLC

ForthTox, Ltd.

Robin Guy Consulting, LLC

Gary Wolfe Toxicology, LLC

Tepper Nonclinical Consulting

Hastings Toxicology Consulting LLC

toXcel, LLC

MEC Regulatory & Toxicology Consulting, LLC

ToxPlus Consulting

American College of Toxicology Thanks Our
Annual Meeting Supporters
(As of November 1, 2019)

Platinum $10,000+

Gold $5,000–$9,999
  

Charles Lindamood III
Philanthropy Fund

