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P001
Cytokine Signaling through Drosophila Mthl10 Ties Lifespan to 
Environmental Stress
Eui Jae Sung1, Yoichi Hayakawa2, Stephen Shears1  
1NIEHS, Research Triangle Park, NC, USA. 2Saga University, Saga, Japan

P002
Role of Necroptosis and Effects of Pharmacological Inhibition of 
RIPK1 in Mycobacterium tuberculosis-Infected Mice
Laine Feller, Elizabeth Ihms, William Bishai 
Johns Hopkins Department of Medicine, Baltimore, MD, USA

P003
Expression of MARCKS Family Proteins Are Altered in a Naturally 
Occurring Organic Dust-Induced Asthma Model in Horses
Kaori Davis, Mary Sheats 
North Carolina State University, Raleigh, NC, USA

P004
HTLV-1 CTCF-Binding Site Is Dispensable for In Vitro 
Immortalization and Persistent Infection In Vivo
Michael Martinez1,2, Jacob Al-Saleem1,2, Amanda Panfil1,2, Wessel Dirksen1,2, 
Xiaogang Cheng3, Lee Ratner3, Patrick Green1,2,4 
1The Ohio State University Center for Retrovirus Research, Columbus, OH, 
USA. 2The Ohio State University Department of Veterinary Biosciences, 
Columbus, OH, USA. 3Washington University Division of Oncology, St. 
Louis, MO, USA. 4The Ohio State University Comprehensive Cancer Center, 
Columbus, OH, USA

P005
Causes of Morbidity and Death in Sprague-Dawley and 
Wistar Rats in Two-Year Carcinogenicity Studies and 
Variations Over Time
Nicholas Vetter1, Charissa Dean2, Keith Nelson2 
1Michigan State University, College of Veterinary Medicine, East Lansing, MI, 
USA. 2Charles River Laboratories, Mattawan, MI, USA

P006
Impact of Sex, Androgens, and Prostate Size on C57Bl6/J Mouse 
Urinary Physiology: Gross and Histologic Assessment of a New 
Platform for Toxicological Testing
Hannah Ruetten, Kyle Wegner, Brett Mueller, Helen Zhang, Peiqing Wang, 
Jaskiran Sandhu, Simran Sandhu, Zunyi Wang, Dale Bjorling, William Ricke, 
Paul Marker, Chad Vezina 
University of Wisconsin-Madison, Madison, WI, USA

P007
Impact of Sex, Androgens, and Prostate Size on C57Bl6/J Mouse 
Urinary Physiology: Functional Assessment of a New Platform 
for Toxicological Testing
Hannah Ruetten, Kyle Wegner, Helen Zhang, Peiqing Wang, Jaskiran Sandhu, 
Simran Sandhu, Dale Bjorling, William Ricke, Paul Marker, Chad Vezina 
University of Wisconsin Madison, Madison, WI, USA

P008
Poster Withdrawn

P009
Perinatal Di-(2-ethylhexyl) Phthalate Exacerbates Anaphylaxis in 
Male Offspring
Emily Mackey1,2, Adam Moeser1  
1Michigan State University, East Lansing, MI, USA. 2North Carolina State 
University College of Veterinary Medicine, Raleigh, NC, USA

P010
Spontaneous Proliferative Typhlocolitis in FVB Mice
Lauren Peiffer, Cory Brayton, Karen Sfanos 
Johns Hopkins University School of Medicine, Baltimore, MD, USA

P011
Bisphenol A and Its Analogues Induce Fibrosis in a 3D Human 
Uterine Fibroid Model
Jingli Liu, Linda Yu, Lysandra Castro, Yitang Yan, Darlene Dixon 
NIEHS, Research Triangle Park, NC, USA

P012
Comparative Exposure Assessment in Pet Dogs: A Sentinel 
Species to Examine Health Outcomes?
Catherine Wise1,2, Stephanie Hammel3, Nicholas Herkert3, Jun Ma4,5, Alison 
Motsinger-Reif6, Heather Stapleton3,7, Matthew Breen1,2,7,8,9 
1Program in Environmental and Molecular Toxicology, Department of 
Biological Sciences, North Carolina State University, Raleigh, NC, USA. 
2Department of Molecular Biomedical Sciences, College of Veterinary 
Medicine, North Carolina State University, Raleigh, NC, USA. 3Nicholas 
School of the Environment, Duke University, Durham, NC, USA. 
4Department of Statistics, North Carolina State University, Raleigh, NC, 
USA. 5Bioinformatics Research Center, North Carolina State University, 
Raleigh, NC, USA. 6Biostatistics and Computational Biology Branch, National 
Institute of Environmental Health Sciences, Durham, NC, USA. 7Duke 
Cancer Institute, Durham, NC, USA. 8Comparative Medicine Institute, North 
Carolina State University, Raleigh, NC, USA. 9Center for Human Health and 
the Environment, North Carolina State University, Raleigh, NC, USA

P013
Aging-Like Spontaneous Epigenetic Silencing Facilitates WNT 
Activation, Stemness and BRAFV600E-Induced Tumorigenesis
Byunghak Kang1, Yong Tao1, Daniel Petkovich1, Yuba Bhandari1, Julie In1, 
Genevieve Stein-O’Brien1, Xiangqian Kong1, Wenbing Xie1, Nicholas Zachos1, 
Shinji Maegawa2, Himani Vaidya3, Stephen Brown1, Ray-Whay Yen1, Xiaojian 
Shao4, Jai Thakor1, Zhihao Lu5, Yi Cai1, Yuezheng Zhang6, Izaskun Mallona7, 
Miguel Peinado7, Cynthia Zahnow1, Nita Ahuja1, Elana Fertig1, Jean-Pierre Issa3, 
Stephen Baylin1, Hariharan Easwaran 1  
1The Johns Hopkins University School of Medicine, Baltimore, MD, USA. 
2University of Texas, MD Anderson Cancer Center, Houston, TX, USA. 
3Temple University, Philadelphia, PA, USA. 4McGill University, Montreal, 
QC, Canada. 5Peking University Cancer Hospital & Institute, Beijing, China. 
6University of Washington, Seattle, WA, USA. 7Germans Trias i Pujol Health 
Science Research Institute (IGTP), Badalona, Spain
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P014
Peripheral Blood Cytokine Concentrations in Canine 
Glioma Patients
Gregory Krane1,2, Kristen Messenger2, Christopher Mariani3,4 
1National Institute of Environmental Health Sciences: National Toxicology 
Program: Cellular and Molecular Pathology Branch, Research Triangle 
Park, NC, USA. 2North Carolina State University: College of Veterinary 
Medicine: Department of Molecular Biomedical Sciences, Raleigh, NC, 
USA. 3North Carolina State University: College of Veterinary Medicine: 
Comparative Neuroimmunology and Neuro-Oncology Laboratory, Raleigh, 
NC, USA. 4North Carolina State University: College of Veterinary Medicine: 
Department of Clinical Sciences, Raleigh, NC, USA

P015
A Time-Course Analysis of Blood-Tumor Barrier Pathology in 
Brain Metastasis
Alix Dieterly1, Gozde Uzunalli1, Chinyere Kemet1, Aparna Soepriatna2, Craig 
Goergen2, Michael Wendt3 
1Department of Comparative Pathobiology, Purdue University, West 
Lafayette, IN, USA. 2Weldon School of Biomedical Engineering, Purdue 
University, West Lafayette, IN, USA. 3College of Pharmacy, Department of 
Medicinal Chemistry and Molecular Pharmacology, Purdue University, West 
Lafayette, IN, USA

P016
Preventive Anti-Androgen Interventions Inhibit Tumor 
Initiation in a Diethylnitrosamine-Induced, Rodent Model of 
Hepatocellular Carcinogenesis
Timothy Helms1,2,3, Jennifer Thomas-Ahner2, Leon Xie3, Moray Campbell3,2, 
Mitch Phelps3,2, Steven Clinton2, Christopher Coss3,2 
1Department of Veterinary Biosciences, College of Veterinary Medicine, 
The Ohio State University, Columbus, OH, USA. 2Comprehensive Cancer 
Center, College of Medicine, The Ohio State University, Columbus, OH, 
USA. 3Division of Pharmaceutics and Pharmaceutical Chemistry, College of 
Pharmacy, The Ohio State University, Columbus, OH, USA

P017
Diethylnitrosamine Induces Hemangiosarcoma in a Rat Model of 
Liver Carcinogenesis
Timothy Helms1,2,3, Jennifer Thomas-Ahner2, Krista La Perle1,2, Steven Clinton2, 
Christopher Coss3,2 
1College of Veterinary Medicine, The Ohio State University, Columbus, 
OH, USA. 2Comprehensive Cancer Center, The Ohio State University, 
Columbus, OH, USA. 3College of Pharmacy, The Ohio State University, 
Columbus, OH, USA

P018
Effects of Black Cohosh Root Extract on Reproduction and 
Development of Male and Female Hsd: Sprague-Dawley SD Rats
Madelyn Huang1, Amy Brix2, Katie Turner3, Helen Cunny1, Barry McIntyre1, 
Michelle Cora1, Keith Shockley1, Suramya Waidyanatha1, Chad Blystone1  
1National Toxicology Program, Research Triangle Park, NC, USA. 2EPL, Inc., 
Research Triangle Park, NC, USA. 3RTI International, Durham, NC, USA

P019
A Multidisciplinary Approach to Understand the Pathogenesis of 
Radiation Induced Lung Toxicity
Priyanka Thakur1, Ryne DeBo1,2, Greg Dugan1, J. Daniel Bourland1, Thomas 
Register1, Nancy Kock1, J. Mark Cline1  
1Wake Forest School of Medicine, Winston-Salem, NC, USA. 2JDRF 
International, New York, NY, USA

P020
Drusen or Not?: A Basophilic Retinal/Subretinal Background 
Finding in Cynomolgus Macaques Eyes
Anna Gates1, Michelle Magagna1,2, Jim Reindel2, Keith Nelson2 
1Michigan State University, East Lansing, MI, USA. 2Charles River 
Laboratories, Mattawan, MI, USA

P021
Effects of Intranasal Carnosine on Alpha-Synuclein (+) Neurons 
in the Thy1-aSyn Mouse Model of Parkinson’s Disease
Josephine Brown, Kim Seroogy, Mary Beth Genter 
University of Cincinnati, Cincinnati, OH, USA

P022
Effect of Dilution on Hematologic Analysis of Rodent Blood 
Samples on the ADVIA 2021i Hematology Analyzer
Sukhdev Brar1, Keith Shockley2, Debra King1, Gregory Travlos1  
1Cellular and Molecular Pathology Branch, National Toxicology Program, 
NIEHS, Research Triangle Park, NC, USA. 2Biostatistics and Computational 
Biology Branch, NIEHS, Research Triangle Park, NC, USA

P023
Analysis of Sugar Probes as Potential Biomarkers for 
Gastrointestinal Toxicity in Rats
Sayaka Kemmochi, Rio Saito, Yuka Masuyama, Hiromi Sugihara, Akira Inomata, 
Junichiro Hosokawa 
Pharmaceutical & Healthcare Laboratories, FUJIFILM Corporation, 
Kanagawa, Japan

P024
Labeling the Mouse Immune System—Markers and Protocols for 
Formalin-Fixed and Paraffin-Embedded Samples
James Tarrant, Enrico Radaelli 
University of Pennsylvania, School of Veterinary Medicine, 
Philadelphia, PA, USA

P025
CHCMCE Flags Caused by Irregular RBC Flow Rate Do Not Impact 
Hemoglobin Measurement Using the ADVIA® 2120
Mike Logan, Samantha Wildeboer, Sue Riendl, Irina Skarzhin, Dimple Patel, 
Kelly Robinson, Joslyn Lewis, Erin Vaughan, Kirstin Barnhart 
AbbVie Inc., North Chicago, IL, USA

P026
Investigation of Concentration Dependence of Fructose Effects 
on Livers in SD Rats
Kaoru Toyoda, Keisuke Goda, Hirofumi Ouchi, Yusuke Suzuki, Akemi Takahashi, 
Yuzo Yasui, Yusuke Kemmochi, Akiko Anagawa-Nakamura, Taishi Shimazaki, 
Toshiyuki Shoda, Yoshifumi Miyakawa 
Central Pharmaceutical Research Institute, Japan Tobacco Inc., 
Kanagawa, Japan

P027
Long-Term Toxicity of Doxorubicin (Dox) in Rats to Heart, Liver, 
Kidney, and Immune Organs
Tianxian Pei, Chuanmin Guo, Jinyue Guo, Chunyu Wang 
Tianjin Institute of Pharmaceutical Research, Tianjin, China

P028
Distribution of Histologic Changes in Mouse NAFLD Models 
Corresponds with Human NAFLD Subtypes when Controlled by 
Genetics and Diet
Artem Shkumatov, Ingrid Rulifson, Amrita Das, Daniel Lin, Monica Florio 
Amgen, South San Francisco, CA, USA

P029
Methemoglobinemia Induced by a Single Dose of General 
Pharmacy Drugs
Seunghyun Ko, Taechang Jang 
Deagu Catholic University, Medical Center, Daegu, Republic of Korea
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P030
3Rs Animal Welfare Concept: Evaluating Skin Mucus Vitellogenin 
in a Japanese Medaka Fish Sexual Development Test with 
17a-Ethinylestradiol (EE2)
Sibylle Groeters, Volker Strauss, Edward Salinas, Martina Braun, Sascha 
Pawlowski, Bennard van Ravenzwaay 
BASF SE, Ludwigshafen, Germany

P031
Idiopathic Femoral Head Chondrolysis in Macaques Used in 
Nonclinical Research Studies
Shelley Beazley, Jesse Veenstra, Michelle Newell, Daniel Patrick 
Charles River Laboratories, Mattawan, MI, USA

P032
Endocrine Disruption and Phospholipidosis Observed in 
Sprague-Dawley Rats Administered an Aryl δ-Sultam Inverse 
Agonist of RORγ
Steven Laing1, Karen Regan2, Robert Li1, Dong Lee3, Mike Reichelt1, Cleopatra 
Kozlowski1, Kui Lin1, James Crawford1  
1Genentech, South San Francisco, CA, USA. 2Regan Path/Tox Services, 
Ashland, OH, USA. 3Revolution Medicines, Redwood City, CA, USA

P033
Evaluation of Fluorescent Microscopy as a Tool to Differentiate 
Lipofuscin from Phospholipid in Retinal Pigmented Epithelium
Nagaraja Muniappa, Lisa LaFranco-Scheuch, Sairam Bellum, Donald Nelson, 
Natalie Keirstead 
Merck & Co., Inc., West Point, PA, USA

P034
Historical Lung Tumor Incidences of B6C3F1 Mouse from the 
National Toxicology Program
Karen Cimon1, Michelle McCrimmon1, Rodney Miller1, Keith Shockley2, 
David Malarkey3 
1Experimental Pathology Laboratories, Research Triangle Park, NC, USA. 
2Biostatistics and Computational Biology Branch, Division of Intramural 
Research, The National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, USA. 3Cellular and Molecular Pathology 
Branch, Division of the National Toxicology Program, National Institute of 
Environmental Health Sciences, Research Triangle Park, NC, USA

P035
Two-Week Toxicity Study of Humidifier Disinfectant, PHMG∙HCL 
by Whole Body Inhalation Exposure in Rats
Yong-Hoon Lee, Hyogeun Cha 
Pathology Department, Inhalation Toxicity Research Center, Occupational 
Safety and Health Research Institute, Daejeon, Republic of Korea

P036
Biochemical and Hematologic Changes in 28-Day Sprague-
Dawley Rat Studies of Seven Perfluorinated Substances (PFAS)
Michelle Cora1, Dzierlenga Anika1, Kyathanahalli Janardhan2, Ron Herbert1, 
Chad Blystone1  
1National Toxicology Program, National Institute of Environmental Health 
Sciences, Research Triangle Park, NC, USA. 2Integrated Laboratory Systems, 
Research Triangle Park, NC, USA

P037
Disease Sensitive and Resistant Mouse Strains Identified in a 
Mouse Aging Study
Keith Shockley1, Ron Herbert1, Kyathanahalli Janardhan2, Arun Pandiri1, Molly 
Vallant1, Bruce Merrick1, June Dunnick1  
1National Institute of Environmental Health Sciences, Research Triangle Park, 
NC, USA. 2Integrated Laboratory Systems, Inc., Morrisville, NC, USA

P038
Characterization of the Effects of Sham Dosing on Selected 
Parameters in Cynomolgus Monkeys
Angela Wilcox1, John Vahle2, Deanna Newcomb1, Jamie Blackbourne2 
1Charles River Laboratories, Inc., Reno, NV, USA. 2Eli Lilly and Company, 
Indianapolis, IN, USA

P039
Postdoctoral and Undergraduate Training Programs in 
Toxicologic Pathology at the NTP
David Malarkey1, Cynthia Willson2, Susan Elmore1, Gregory Travlos1, Ron 
Herbert1, Arun Pandiri1, Michelle Cora1, Amy Brix3, Mark Cesta1, Kyathanahalli 
Janardhan2, Ramesh Kovi3, Robert Sills1  
1NIEHS, Research Triangle Park, NC, USA. 2ILS, Durham, NC, USA. 3EPL, 
Durham, NC, USA

P040
Access to National Toxicology Program Histopathology 
Lesion Collection in Chemical Effects in Biological Systems 
(CEBS) Database
Bhawana Bariar1, Isabel Lea1, Ying Liu1, Cari Martini1, Jennifer Fostel2 
1ASRC Federal, Research Triangle Park, NC, USA. 2NIEHS, National Toxicology 
Program, Research Triangle Park, NC, USA

P041
Critical Windows for Feed Adjustment in Developmental and 
Reproductive Toxicology (DART) Studies: A Case Study
Pragati Coder1, Catherine Picut2, Brent Walling1, Regina Parker2 
1Charles River Laboratories, Ashland, OH, USA. 2Charles River Laboratories, 
Durham, NC, USA

P042
Poster Withdrawn

P043
Intramuscular and Subcutaneous Injections in Research Swine: 
A Comparison of Injection Site Characteristics Based on Needle 
Length and Anatomic Location
Michelle Magagna1,2, Sandrena Hall2, Jesse Veenstra2, Keith Nelson2 
1Michigan State University Veterinary Diagnostic Laboratory, Lansing, MI, 
USA. 2Charles Rivers Mattawan, Mattawan, MI, USA

P044
A Case of Angiomyomatous Hamartoma in the Mediastinal 
Lymph Nodes of a Beagle Dog
Sophie Nelissen, Sameh Youssef, Ronnie Chamanza 
Janssen Pharmaceutica, Beerse, Belgium

P045
INHAND: International Harmonization of Nomenclature and 
Diagnostic Criteria for Lesions—An Update—2019
Ronald Herbert1, Beth Mahler1, Alys Bradley2, Dawn Goodman3, Takanori 
Harada4, Shim-mo Hayashi5, Hijiri Iwata6, Matt Jacobsen7, Charlotte Keenan8, 
Rupert Kellner9, Emily Meseck10, Thomas Nolte11, Susanne Rittinghausen9, 
Christine Ruehl-Fehlert12, John Vahle13, Katsuhiko Yoshizawa14 
1NIEHS, Research Triangle Park, NC, USA. 2Charles River Laboratories, 
Tranent, Scotland, United Kingdom. 3Independent Consultant, Potomac, MD, 
USA. 4The Institute of Environmental Toxicology, Joso-shi, Ibaraki, Japan. 
5San-Ei Gen F.F.I, Inc, Osaka, Japan. 6LunaPath LLC, Laboratory of Toxicologic 
Pathology, Shizuoka, Japan. 7AstraZeneca, Macclesfield, United Kingdom. 
8CM Keenan ToxPath Consulting, Doylestown, PA, USA. 9Fraunhofer ITEM, 
Hannover, Germany. 10Novartis Institute for Biomedical Research, East 
Hanover, NJ, USA. 11Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach 
an der Riss, Germany. 12Bayer Schering Pharma AG, Wuppertal, Germany. 
13Eli Lilly & Company, Indianapolis, IN, USA. 14Mukogawa Women’s University, 
Hyogo, Japan
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P046
Direct Formalin Fixation Induces Transcriptional Effects on 
Metabolic Pathways in Archival Tissue Samples
Leah Wehmas1, Charles Wood1,2, Susan Hester1  
1US EPA, Durham, NC, USA. 2Boehringer Ingelheim, Ridgefield, CT, USA

P047
Inclusion of Multiple Aquarium Model Fish Enhances Research 
and Interaction
Melissa Chernick1, Richard Di Giulio1, Heather Stapleton1, Wu Dong1,2, Melissa 
Chernick1, Jingli Mu1,3, Mei Zhu1, Jessica Brandt1, Jordan Kozal1, Andrey 
Massarsky1, Rafael Trevisan1, Casey Lindberg1  
1Duke University, Durham, NC, USA. 2Inner Mongolia University for 
Nationalities, Tongliao, China. 3National Marine Environmental Monitoring 
Center, Dalian, China

P048
Increasing Throughput and Efficiency in Embryo Embedment for 
Sectioning Using Histological Chips
Melissa Chernick, Charles Moore, David Hinton 
Duke University, Durham, NC, USA

P049
Consistency in Morphologic Characteristics of Endometrial 
Stromal Polyp Subtypes in the Rat
Daven Jackson-Humbles1, Erin Quist2, Karen Cimon2, Lauren Shelby3, Mark 
Cesta1, Norris Flagler1, Gabrielle Willson2, Ron Herbert1, Darlene Dixon4 
1Cellular and Molecular Pathology Branch, National Toxicology Program, 
National Institute of Environmental Health Sciences, Research Triangle Park, 
NC, USA. 2Experimental Pathology Laboratories, Inc., Research Triangle 
Park, NC, USA. 3College of Veterinary Medicine, Kansas State University, 
Manhattan, KS, USA. 4NTP Laboratory, National Toxicology Program, 
National Institute of Environmental Health Sciences, Research Triangle 
Park, NC, USA

P050
Three-Dimensional Human Uterine Fibroid Cell Culture for 
Exploring Molecular Mechanisms of Fibrosis and Nongenomic 
Signaling by Environmental Estrogens
Lysandra Castro, Jingli Liu, Linda Yu, Yitang Yan, Natasha Clayton, Heather 
Jensen, Darlene Dixon 
NIEHS, Durham, NC, USA

P051
Standardization of Tissue Fixation Protocols for 
Molecular Studies
Ahmed Mashal, Ramesh Kovi, Kyathanhalli Janardhan, Ronald Herbert, 
Natasha Clayton, Robert Sills, Arun Pandiri 
NIEHS, Durham, NC, USA

P052
Mechanisms of Cell Death in Respiratory Syncytial Virus-Infected 
Macrophages
Lori Bedient 
Washington State University, Pullman, WA, USA

P053
Development of a New Class of Inhibitors of Amyloid-β 
Aggregation
Jessica Fortin 
Pathology and Diagnostic Investigation, College of Veterinary Medicine, 
Michigan State University, East Lansing, MI, USA

P054
Hepatic Transcriptomic Patterns in the Neonatal Rat after PBDE 
Exposure Predict Long-Term Toxic Outcomes
J. Dunnick1, K. Shockley1, D. Morgan1, G. Travlos1, K. Gerrish1, T. Ton1, R. Wilson1, 
S. Brar1, A. Brix2, S. Waidyanatha1, E. Mutlu1, A. Pandiri1  
1NIEHS, Research Triangle Park, NC, USA. 2EPL, Inc., Research Triangle 
Park, NC, USA

P055
SENDIGv3.1 Changes Which Are Relevant to Macro, Micro and 
Organ Weight SEND Domains in Electronic Data Submissions
Daniel Potenta 
PDS Lifesciences, Mount Arlington, NJ, USA

P056
Method for the Combined Observation of Serial Sections of a 
Stented Artery Embedded in Resin by Light Microscopy and 
Transmission Electron Microscopy
Atsushi Isobe1, Kouichi Iwatani1, Junko Souba1, Hisako Terao1, Hitomi 
Hagiwara1, Fumiaki Kumagai2, Yoshiaki Saito2, Kasuke Nagano3, 
Masako Tasaki1  
1Terumo Corporation, Ashigarakami-gun, Kanagawa, Japan. 2Food and 
Drug Safety Center, Hadano, Kanagawa, Japan. 3Nagano Toxicologic-
Pathology Consulting, Hadano, Kanagawa, Japan

P057
Automatic Segmentation of Thyroid Colloid through 
QuPath Scripting
Weizhen Cai1, Zhewei Wang1, Daniel Rudmann2, Jundong Liu1, Thomas Rosol1  
1Ohio University, Athens, OH, USA. 2Charles River Laboratories, 
Ashland, OH, USA

P058
AI-Based Method for Quantification of Bleomycin-Induced 
Pulmonary Fibrosis in Mouse Model
Uttara Joshi1, Rajesh Ugalmugle1, Apeksha Jain1, Avinash Lokhande1, 
Subbarayan Ramesh2, Krishnamurthy Poorani2, Aravindakshan Jayaprakash2 
1AIRA Matrix, Thane, Maharashtra, India. 2Syngene International Limited, 
Bangalore, Karnataka, India

P059
NTP Case Study: Examining the Utility of In Vitro Tox21 
Bioactivity Assays for Prioritization and Safety Assessment of 
Botanical Dietary Supplements
Troy Hubbard1, Jui-Hua Hsieh2, Nisha Sipes1, Brad Collins1, Scott Auerbach1, 
Michael DeVito1, Nigel Walker1, Cynthia Rider1  
1Division of the National Toxicology Program, NIEHS, Research Triangle Park, 
NC, USA. 2Kelly Government Solutions, Durham, NC, USA

P060
Immunohistochemical Nonclinical Methods for Assessing Cell 
Fate in Human Embryo Stem Cell-Derived Therapy
Kevin Keane, Pia Morrtensen, Susanne Rasmussen, Camilla Ingvorsen, 
Maria Pereira 
Novo Nordisk A/S, Måløv, Denmark

P061
Spatial Distribution of Non-Hodgkin Lymphomas in Humans and 
Canines in São Paulo, Brazil, Coincides
Katia Kimura, Marcello Tedardi, Maria Dagli 
University of São Paulo, São Paulo, SP, Brazil
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P062
Toxicology & Carcinogenesis Study of Dietary Zinc in Sprague-
Dawley Rats (Hsd:Sprague Dawley SD)
Amy Brix1,2, Natasha Catlin3, Michael Wyde2, Michelle Cora2, Angela King-
Herbert2, Grace Kissling2, David Malarkey2, Keith Shockley2 
1EPL, Inc., Research Triangle Park, NC, USA. 2Division of the National 
Toxicology Program, NIEHS, Research Triangle Park, NC, USA. 3Pfizer, 
Groton, CT, USA

P063
Update on the Characterization of the Fischer 344 Large 
Granular Leukocyte Leukemia
Erin Vaughan, Rebecca Kohnken, Mike Logan, Sue Bolin 
Abbvie, North Chicago, IL, USA

P064
Comprehensive Characterization of Mitochondrial Genomes in 
Spontaneous and Chemical-Induced Hepatocellular Carcinomas 
in B6C3F1/N Mice
Miaofei Xu1, Adam Burkholder2, David Fargo2, Jacqui Marzec3, Steve Kleeberger3, 
Gregory Solomon4, Robert Sills1, Arun Pandiri1  
1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle 
Park, NC, USA. 2Center for Integrative Bioinformatics, NIEHS, Research 
Triangle Park, NC, USA. 3Immunity, Inflammation, and Diseases Laboratory, 
NIEHS, Research Triangle Park, NC, USA. 4Epigenomic Core, NIEHS, Research 
Triangle Park, NC, USA

P065
Are Mouse Hepatocellular Tumors Resulting from CAR Activation 
Not Relevant for Human Cancer Risk?
Makoto Shirai1, Stacey Mantooth2,3, Robert Sills1, Arun Pandiri1  
1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle 
Park, NC, USA. 2NIEHS Library, NIEHS, Research Triangle Park, NC, USA. 
3VISTA Technology Services Inc, McLean, VA, USA

P066
Phosphorylation of Histone H3 at Serine 10 by Aurora B 
Kinase through FoxM1/Cyclin D1 Pathway in Cd-Induced 
Metalloestrogenic Effects in Human Uterine Leiomyoma Cells
Linda Yu, Alanna Burwell, Yitang Yan, Lysandra Castro, Jingli Liu, Darlene Dixon 
National Institute of Environmental Health Sciences, Durham, NC, USA

P067
Cancer Progression and Phenotypic Alterations in 
Human Uterine Leiomyoma Cells following Continuous 
Cadmium Exposure
Yitang Yan, Arianna Lawrence, Michael Dykstra, Linda Yu, Lysandra Castro, 
Jingli Liu, Darlene Dixon 
NIEHS, Durham, NC, USA

P068
Whole-Exome Mutational Landscape Reveals Unique Mutational 
Profiles and Driver Genes in Spontaneous and Chemical-Induced 
Hepatocellular Carcinomas in B6C3F1/N Mice
Arun Pandiri1, Miaofei Xu1, Jianying Li2, Kovi Ramesh1, B. A. Merrick1, Pierre 
Bushel3, John Bucher1, Robert Sills1  
1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle 
Park, NC, USA. 2Center for Integrative Bioinformatics, NIEHS, Research 
Triangle Park, NC, USA. 3Biostatistics and Computational Biology Branch, 
NIEHS, Research Triangle Park, NC, USA

P069
Focus and Strengths of the RITA Database in Comparison 
to IMI eTOX
Susanne Rittinghausen, Rupert Kellner 
Fraunhofer Institute for Toxicology and Experimental Medicine, 
Hannover, Germany

P070
Transcriptomic Analysis of Alveolar/Bronchiolar Tumors 
in B6C3F1/N Mice Exposed to Cobalt Metal Dust (CMD) by 
Inhalation for Two Years
Thai Ton1, Hue-Hua Hong1, Keith Shockley1, Shyamal Peddada1, Mark 
Hoenerhoff1, Ramesh Kovi1,2, Robert Sills1, Arun Pandiri1  
1NIEHS, Research Triangle Park, NC, USA. 2Experimental Pathology 
Laboratories Inc., Research Triangle Park, NC, USA

P071
Anti-IL-7Rα Monoclonal Antibody Limits the Growth of Mutant 
IL-7Rα-Driven Leukemia In Vivo
Julie Hixon1, Caroline Andrews1,2, Kelli Czarra1, Emilee Senkevitch1, Wenqing Li1, 
Joel Schneider3, Scott Walsh3, Scott Durum1  
1Cytokines and Immunity Section, Cancer and Inflammation Program, 
National Cancer Institute, National Institutes of Health, Frederick, MD, 
USA. 2Charles River Laboratories, Frederick, MD, USA. 3Chemical Biology 
Laboratory, National Cancer Institute, National Institutes of Health, 
Frederick, MD, USA

P072
A Partnership of Pathology and Lipidomics to Identify Novel 
Biomarkers and Therapeutic Targets in Gliomas
Agnes Wong1,2, Stephen Miloro3, Kari Clase3, Jenna Rickus3, L. Tiffany Lyle2,4

1Animal Disease Diagnostic Laboratory, College of Veterinary Medicine, 
Purdue University, West Lafayette, IN, USA. 2Department of Comparative 
Pathobiology, College of Veterinary Medicine, Purdue University, West 
Lafayette, IN, USA. 3Department of Agricultural & Biological Engineering, 
Purdue University, West Lafayette, IN, USA. 4Histology Research Laboratory, 
Center for Comparative Translational Research, College of Veterinary 
Medicine, Purdue University, West Lafayette, IN, USA

P073
30% (w/v) Aqueous Sulfobutyl Ether 7-β-Cyclodextrin 
(Captisol™) Causes Subcutaneous Pleomorphic Fibrosarcomas 
and Fibrosarcomas after Repeated Subcutaneous 
Administration in Rats
Aaron Sargeant1, Richard Bruner1, Heath Thomas2, John Ciallella1  
1Charles River Laboratories, Spencerville, OH, USA. 2EPL, 
Philadelphia, PA, USA

P074
Causes of Morbidity and Death in CD-1 Mice in Two-Year 
Carcinogenicity Studies
Bethany Balmer, Keith Nelson, C. Dean 
Charles River Laboratories, Mattawan, MI, USA

P075
Spontaneous Periductal Cholangiofibrosis in the Liver and 
Pancreas of Harlan Sprague-Dawley Rats
Margarita Gruebbel1, Torrie Crabbs1, Jerry Hardisty1, Cynthia Shackelford1, 
David Malarkey2, Mark Cesta2 
1EPL, Inc., Research Triangle Park, NC, USA. 2NIEHS/NTP, Research Triangle 
Park, NC, USA

P076
10-Day and Four-Week Toxicity and Toxicokinetics Studies of 
Alpha-Glycosyl Isoquercitrin in Juvenile Göttingen Minipigs
Abraham Nyska1, Yuval Ramot2, Mihoko Koyanagi3, Nicola Dias4, Samuel 
Eniola4, Abraham Nyska5, Shim-mo Hayashi3 
1Maronpot Consulting, LLC, Timrat, Israel. 2Hadassah Medical Center, 
Hebrew University of Jerusalem, The Faculty of Medicine, Jerusalem, Israel. 
3Global Scientific and Regulatory Affairs, San-Ei Gen F. F. I., Inc., Osaka, 
Japan. 4Envigo, Huntingdon, Cambridgeshire, United Kingdom. 5Consultant 
in Toxicologic Pathology, Timrat, Israel
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P077
Safety Study of D-PLEX100 in a Sternal Surgical Defect in New 
Zealand White Rabbits
Yuval Ramot1, Shlomo Nedvetzki2, Sefi Rosenfeld2, Noam Emanuel2, 
Abraham Nyska3,4 
1Hadassah Medical Center, Hebrew University of Jerusalem, The Faculty of 
Medicine, Jerusalem, Israel. 2PolyPid Ltd., Petah Tikva, Israel. 3Consultant in 
Toxicologic Pathology, Timrat, Israel. 4Tel Aviv University, Tel Aviv, Israel

P078
Biodegradability and Safety Study of LifeMesh™, a Novel Self-
Adhesive Mesh, in Sprague-Dawley Rats
Yuval Ramot1, Noam Kronfeld2, Michal Steiner2, Guy Klaiman2, Amir Hadid3, 
Nati Ezov2, Michal Sudak3, Abraham Nyska4,5 
1Hadassah Medical Center, Hebrew University of Jerusalem, The Faculty of 
Medicine, Timrat, Israel. 2Envigo CRS (Israel), Ness Ziona, Israel. 3LifeBond 
Ltd, Caesarea, Israel. 4Consultant in Toxicologic Pathology, Timrat, Israel. 5Tel 
Aviv University, Tel Aviv, Israel

P079
Leveraging the National Toxicology Program’s Experience 
to Provide Insights into the Etiology of Chronic Kidney 
Disease of Unknown Origin in Agricultural Workers in Central 
America and Asia
Susan Elmore1, Linda Birnbaum1, Alison Harrill1, Bonnie Joubert1, Brian 
Berridge1, Kylie Brockenfelt2, Margarita Gruebbel2, John Seely2 
1NTP/NIEHS, Research Triangle Park, NC, USA. 2Experimental Pathology 
Laboratories, Inc., Research Triangle Park, NC, USA

P080
Macrophage Recruitment, Polarization, and Activation in Carbon 
Nanotube-Induced Lung Inflammation and Fibrosis
Jie Dong, Qiang Ma 
Receptor Biology Laboratory, Toxicology and Molecular Biology Branch, 
Health Effects Laboratory Division, National Institute for Occupational 
Safety and Health, Centers for Disease Control and Prevention, 
Morgantown, WV, USA

P081
Osteopontin Promotes TGF-β1 Activation and Lung Fibrosis in 
Response to Carbon Nanotube Exposure
Jie Dong, Qiang Ma 
Receptor Biology Laboratory, Toxicology and Molecular Biology Branch, 
Health Effects Laboratory Division, National Institute for Occupational 
Safety and Health, Centers for Disease Control and Prevention, 
Morgantown, WV, USA

P082
Impact of Trio and Pair Breeding in Mice on Environmental 
Parameters and Nasal Pathology: Implications for Cage Change 
Frequencies
Kelsey Cornelius1, Sarah Thurston1, Mark Hoenerhoff1, Jennie Lofgren2

1University of Michigan, Ann Arbor, MI, USA. 2Novartis Institutes for 
BioMedical Research, Cambridge, MA, USA

P083
A Fast Screening Tool for the Early Indicator Phase of Sexual 
Development in Birds: Histopathological Evaluation of Avian 
Gonads from Chicks Exposed in Ovo
Maike Huisinga1, Burkhard Flick1, Nicole Kreling1, Lennart Weltje1, Katharina 
Ott1, Luzie Jessl2, Jessica Scheider2, Sibylle Groeters1, Bennard van Ravenzwaay1  
1BASF SE, Ludwigshafen, Germany. 2Goethe University, Frankfurt/
Main, Germany

P084
Development of a Liver Cirrhosis Model in Minipigs by Hepatic 
Ethanol Perfusion
Tao Chen1, Xingyan Lu2, Prasanna Malaviya2, Ryan Meng1, Helen Han Hsu1  
1Johnson & Johnson, Janssen (China) R&D Center, Non-Clinical Safety, 
Shanghai, China. 2Johnson & Johnson, Ethicon & DePuy Syn R&D, 
Shanghai, China

P085
A Comparative Immunohistochemical Investigation of 
Pancreatic Langerhans’s Islet Endocrine Cell Composition and 
Distribution
Jing Ying Ma1, Calvert Louden2, Vinicius Carreira 1  
1Janssen Research & Development, L.L.C., San Diego, CA, USA. 2Janssen 
Research & Development, L.L.C., Spring House, PA, USA

P086
Sampling of Peripheral Neural Tissues from Various 
Preclinical Species
Benjamin Martin, Kevin Billings, Alok Sharma 
Covance Laboratories, Madison, WI, USA

P087
Spontaneous Vascular Findings in the Papillary Muscles of 
Purpose-Bred Beagle Dogs
Rebecca Kohnken, Angella Weber, Scott Mittelstadt 
AbbVie, North Chicago, IL, USA

P088
Pathological Characterization of Gastrointestinal Toxicities in 
Tumor-Bearing Nude Mouse Model with a Novel Small Molecule 
Inhibitor of BRM/BRG1
Rie Kikkawa1, Valérie Dubost2, Zainab Jagani3, Hyo-Eun Bhang3, François Huet3, 
Robert Johnson1  
1Novartis Institutes for BioMedical Research, East Hanover, NJ, USA. 
2Novartis Institutes for BioMedical Research, Basel, Switzerland. 3Novartis 
Institutes for BioMedical Research, Cambridge, MA, USA

P089
Immunohistochemical Characterization of Oxidative Stress in 
Lung of Rats Exposed to Humidifier Disinfectant, PHMG∙HCl
Yong-Hoon Lee, Hyogeun Cha 
Pathology Department, Inhalation Toxicity Research Center, Occupational 
Safety and Health Research Institute, Daejeon, Republic of Korea

P090
Strain Susceptibility Differences: Evaluating Moribund Status, 
Histopathology and Serum Biomarkers of Cardiac Injury in Three 
Mouse Strains
Eui Jae Sung1, Susan Borghoff2, Abraham Nyska3, June Dunnick1, 
Gregory Travlos1  
1NIEHS, Research Triangle Park, NC, USA. 2ToxStrategies, Research Triangle 
Park, NC, USA. 3Tel Aviv University, Timrat, Israel

P091
Toxicity of Legacy and Emerging Brominated Flame Retardants 
after Five-Day Exposure in the Rat
J. Dunnick, M. Cora, D. Malarkey, M. Vallant, B. Collins, E. Mutlu, V. Robinson, 
K. Shockley 
NIEHS, Research Triangle Park, NC, USA

P092
Proposed Molecular Mechanism of Drug-Induced Goblet Cell 
Hyperplasia in the Small Intestines in Göttingen Minipigs
Marielle Odin, Marion Richardson, Nicolas Giroud, Isabelle Wells, Solveig 
Badillo, Tobias Bergauer 
Roche Pharma Early Research & Development, Roche Innovation Center 
Basel, Basel, Switzerland
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P093
Hypertrophy in the Pituitary Gland Pars Distalis in National 
Toxicology Program Studies Arising via Different Mechanisms
Cynthia Willson1, Kyathanahalli Janardhan1, Anika Dzierlenga2, Cynthia 
Shackelford3, Gabrielle Willson3, Anthony Skowronek4, Heather Jensen5, 
Natasha Clayton5, Mark Cesta2 
1Integrated Laboratory Systems, Inc., Research Triangle Park, NC, USA. 
2Division of the National Toxicology Program, NIEHS, Research Triangle Park, 
NC, USA. 3Experimental Pathology Laboratories, Research Triangle Park, NC, 
USA. 4Battelle Memorial Institute, Columbus, OH, USA. 5NIEHS, Research 
Triangle Park, NC, USA

P094
Comparison of Decalcification Methods for Osseous Tissue in 
Rodent Preclinical Toxicology Studies
Catherine Picut1, Paul Howroyd2, Shambhunath Choudhary3, Regina Parker1, 
Jaquelin Jolette4, David Weil1  
1Charles River Laboratories, Durham, NC, USA. 2Charles River Laboratories, 
Edinburgh, Scotland, United Kingdom. 3Charles River Laboratories, 
Spencerville, OH, USA. 4Charles River Laboratories, Senneville, QC, Canada

P095
Serum ADAMTS13 Levels in Göttingen Minipigs with Thrombotic 
Thrombocytopenia Purpura Are Not Different Than Their 
Unaffected Parents
Kelly Beal1, Michael Janech1, Kris Helke2, Nicole Navratil3 
1Department of Biology, College of Charleston, Charleston, SC, USA. 
2Department of Comparative Medicine, Medical University of South 
Carolina, Charleston, SC, USA. 3Marshall BioResources, North Rose, NY, USA

P096
Combined Repeated Dose Toxicity Study with the 
Reproduction and Developmental Toxicity Screening Test of 
Perfluoroheptanoic Acid (PFHpA) in Sprague-Dawley Rats
Sang Yun Kim, Wan-Jung Im, Wook-Joon Yu, Jinsoo Lee, Ji-Seong Jeong, Jeong-
Dong Park, Sumi Jang, Ji-Seok Han, Yong-Bum Kim, Byoung-Seok Lee 
Korea Institute of Toxicology, Dae-Jeon, Republic of Korea

P097
The National Toxicology Program’s Approach for the Systematic 
Evaluation of the Application of Zebrafish in Toxicology (SEAZIT)
Kristen Ryan1, Jon Hamm2, Patricia Ceger2, Anne Thessen3, Skyler Marvel4, 
Ainhoa Alzualde5, Arantza Muriana5, David Reif4, Robert Tanguay3, Melissa 
Haendel3, Lisa Troung3, Elizabeth Maull1, Nigel Walker1  
1NTP/NIEHS, Research Triangle Park, NC, USA. 2ILS, Research Triangle Park, 
NC, USA. 3Oregon State University, Corvallis, OR, USA. 4North Carolina State 
University, Raleigh, NC, USA. 5Biobide, Cambridge, MA, USA

P098
Qualitative and Quantitative Neuropathology Approaches 
Using Magnetic Resonance Microscopy and Stereology in 
a Hexachlorophene Model of Myelinopathy in Sprague-
Dawley Rats
Robert Sills1, Allan Johnson2, Robert Anderson2, Crystal Johnson3, Michael 
Staup3, Danielle Brown3, Jesse Cushman1, Sheba Churchill3, David Kurtz1, 
Suramya Waidyanatha1, Veronica Godfrey1, Mark Cesta1, Mamta Behl1, 
Peter Little4 
1NIEHS, Research Triangle Park, NC, USA. 2Duke University School of 
Medicine, Durham, NC, USA. 3Charles River Laboratories, Durham, NC, USA. 
4Experimental Pathology Laboratories, Research Triangle Park, NC, USA

P099
Histologic Lesions Associated with Subcutaneous Injection in 
Control Sprague-Dawley Rats
Sarah Coe1, Sandra Lee2, Keith Nelson2 
1Michigan State University, Lansing, MI, USA. 2Charles River Laboratories, 
Mattawan, MI, USA

P100
Histotechnical Procedure and Morphological Assessment of 
Sinoatrial Node in the Göttingen Minipig Heart
Rosa Anna Manno1, Raffaella Capobianco1, Andrea Grassetti1, Patrizia 
Cristofori2 
1RTC, Pomezia, Italy. 2GSK, Ware, United Kingdom

P101
Characterization of Hyperplasia of the Epithelium Lining the 
Renal Papilla of Rats
Kyathanahalli Janardhan1, Gabrielle Scales2, Ashley DeLeon3, Ramesh Kovi4, 
Arun Pandiri3, Heather Jensen3, Norris Flagler3, Karen Cimon4, Ron Herbert3, 
Natasha Clayton3, Keith Shockley5, Robert Sills3 
1ILS Inc., Research Triangle Park, NC, USA. 2Durham School of the Arts, 
Durham, NC, USA. 3Cellular and Molecular Pathology Branch, National 
Toxicology Program, NIEHS, Research Triangle Park, NC, USA. 4EPL, Inc., 
Research Triangle Park, NC, USA. 5Biostatistics & Computational Biology 
Branch, NIEHS, Research Triangle Park, NC, USA

P102
Genetic Profiling of Radiofrequency Radiation-Exposed Rat 
Gliomas Using a Targeted Next-Generation Sequencing Panel 
(rGlioSeq)
Ramesh Kovi1,2, Andrea Vornoli3, Ashley Brooks1, Thai Ton1, Ahmed Mashal1, 
Miaofei Xu1, Eva Tibaldi3, Federica Gnudi3, Jian-Liang Li1, Robert Sills1, John 
Bucher1, Fiorella Belpoggi3, Arun Pandiri1  
1NIEHS, Research Triangle Park, NC, USA. 2Experimental Pathology 
Laboratories Inc., Research Triangle Park, NC, USA. 3Ramazzini Institute, 
Bologna, Italy

P103
An Unusual Testicular Lesion in Rats Exposed In Utero to 
Phthalates
Mark Cesta1, Gabrielle Willson2, Cynthia Shackelford2, Anthony Skowronek3, 
Anika Dzierlenga1, Cynthia Willson4 
1NIEHS/NTP, Research Triangle Park, NC, USA. 2EPL, Inc., Research Triangle 
Park, NC, USA. 3Battelle Columbus, Columbus, OH, USA. 4ILS, Inc., Research 
Triangle Park, NC, USA

P104
CNS (Brain and Spinal Cord) Vacuolation in Mice Caused by 
Administration of Ceramide Galactosyl Transferase (CGT) 
Inhibitors
Sundeep Chandra1, Michael Babcock1, Sanjay Chandriani1, Margarita 
Gruebbel2, Bing Wang1, Shripad Bhagwat1, Carley Corado1, Daniel Chan1, 
Katherine Webster1, Josh Woloszynek1, Brett Crawford1  
1BioMarin Pharmaceutical Inc, San Rafael, CA, USA. 2EPL, Research Triangle 
Park, NC, USA

P105
Ototoxicity Related to Cisplatin: Does Gender Matter?
Cyrille Sage1,2, Aurore Marie1,2, Randy Abutin2,1, Abraham Tzafriri2,1  
1CILcare, Lexington, MA, USA. 2CBSET, Lexington, MA, USA

P106
Altered Susceptibility to Acetaminophen-Induced Liver Injury in 
a Mouse Model of Nonalcoholic Fatty Liver Disease
Takeshi Izawa1,2, Ricardo Cortes1, Greg Travlos1, Natasha Clayton1, Robert Sills1, 
Arun Pandiri1  
1National Toxicology Program (DNTP), NIEHS, Research Triangle Park, NC, 
USA. 2Osaka Prefecture University, Izumisano, Osaka, Japan
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Abstracts
P001
Cytokine Signaling through Drosophila Mthl10 Ties Lifespan to 
Environmental Stress
Eui Jae Sung1, Yoichi Hayakawa2, Stephen Shears1  
1NIEHS, Research Triangle Park, NC, USA. 2Saga University, Saga, Japan

Abstract

Introduction: Invertebrates are productive models for understanding 
basic molecular principles that link cytokine-mediated, inflammatory 
pathways to aging in humans. Here, we employed Drosophila, a routine 
model for analysis of cytokine signaling pathways in higher animals, 
to identify a receptor for the growth-blocking peptide (GBP) cytokine, 
known as a critical regulator of humoral and cellular innate immune 
responses and metabolic homeostasis. Experimental Design / Methods: 
We conducted a high-throughput dsRNA library screen to determine 
genes that modulate Ca2+ mobilization upon GBP stimulation in 
Drosophila S3 cells. Fluorescence polarization was used to demonstrate 
direct binding between GBP/Receptor. We observed phenotype of adult 
flies in which the receptor knockdown or over-expression. Results: We 
found that a hitherto orphan G protein coupled receptor, Methuselah-
like receptor-10 (Mthl10), is a significant hit, and we confirmed specific 
binding of fluorophore-tagged GBP to recombinant Mthl10. In adult 
flies, we show Mthl10 knockdown decreases GBP-mediated innate 
immune responses and increases mortality rate following infection 
with Micrococcus luteus. On the other hand, elevated GBP expression - a 
mimetic for a stressful environment - also led to a lifespan reduction. 
However, in the absence of pathogenic challenges, Mthl10 knockdown 
significantly extends lifespan. Finally, similarities between GBP and 
human defensin BD2, in both primary sequence and molecular actions, 
indicate our stress/longevity model may be applicable to humans. 
Conclusion: We have deorphanized Mthl10 which pits stress responses 
against lifespan. Impact statement: Our results provide a molecular 
basis for hypothesizing that a successful defense against inflammation 
can be a Pyrrhic victory that reduces longevity.

P002
Role of Necroptosis and Effects of Pharmacological Inhibition of 
RIPK1 in Mycobacterium tuberculosis-Infected Mice
Laine Feller, Elizabeth Ihms, William Bishai 
Johns Hopkins Department of Medicine, Baltimore, MD, USA

Abstract

Introduction.  Mycobacterium tuberculosis (MTB) manipulates host cell 
death pathways in infected cells to promote bacterial survival and 
propagation. Necroptosis is a pro-inflammatory form of programmed 
cell death mediated by Receptor Interacting Protein Kinases (RIPK) 
that may be exploited by MTB. Consequently, necroptosis inhibitors 
represent a potential host-directed therapy for treating MTB-infection. 
Methods and Materials.  MTB-infected C3HeB/FeJ mice were treated 
with a novel RIPK1 inhibitor (GSK’547) and bacterial burden was 
assessed through plating homogenized lungs and spleens. Fluorescent 
immunohistochemistry was performed on FFPE infected lungs to 
assess compartmentalization of downstream necroptosis mediator 
MLKL with vimentin or CD68+.  Experimental Design. 140 female 
C3HeB/FeJ mice were infected with MTB. Lungs and spleens were 
collected for colony forming unit counts at implantation and at 3, 5, 7, 
9, and 11 weeks post-infection. Whole lung tissue was collected from 
6 mice at weeks 7 and 9 for histopathology.  Results. Phosphorylated-
MLKL compartmentalized with vimentin and CD68+ in infected lung 
tissue in both treated and untreated mice. Treatment with GSK’547 
did not affect bacterial burden or lung pathology of MTB-infected 
mice. Conclusion.  Necroptosis occurs in vivo in macrophages and 
fibroblasts in MTB-infected C3HeB/FeJ mice, and was not inhibited by 
GSK’547. This indicates RIPK1 inhibition by GSK’547 is insufficient to 
block necroptosis in vivo or suggests a RIPK1-independent mechanism 
of necroptosis.  Impact Statement.  Our study is the first to demonstrate 
necroptosis in vivo during MTB infection. Though inhibition of RIPK1 
by GSK’547 failed to reduce MTB-associated lung pathology, targeting 
alternate, downstream mediators of necroptosis may have therapeutic 
potential.



STP 38th Annual Symposium 

10 Download the 2019 Annual Meeting App for up-to-date information.Poster Index

P003
Expression of MARCKS Family Proteins Are Altered in a Naturally 
Occurring Organic Dust-Induced Asthma Model in Horses
Kaori Davis, Mary Sheats 
North Carolina State University, Raleigh, NC, USA

Abstract

Introduction/Objectives: Severe equine asthma syndrome (sEAS) is a 
naturally occurring disease in adult horses that serves as a translational 
model for several phenotypes of human asthma.  In horses with sEAS, 
organic dust exposure causes neutrophilic lower-airway inflammation. 
Previous work from our lab determined that MARCKS (Myristoylated 
Alanine Rich C Kinase Substrate) protein is an essential regulator of 
neutrophil functions. In the current study, we hypothesized that 
MARCKS, and the related MARCKS-like 1 (MARCKSL1), proteins would 
be increased in bronchoalveolar lavage (BAL) cells from horses with 
sEAS. Experimental Design: Horses were grouped as having no (n=4), 
mild/moderate (n=10) and severe (n=5) EAS based on BAL cytology 
(experiment 1), or no (n=7), mild/moderate (n=10) and severe (n=7) 
EAS based on clinical signs and BAL cytology (experiment 2). Lysates 
were prepared from BAL cells isolated from each horse. Materials and 
Methods: Relative expression of MARCKS and MARCKSL1 proteins 
were determined using equine specific ELISA (MyBioSource) and total 
protein (BCA, spectrophotometry). Results: Experiment 1 - MARCKS and 
MARCKSL1 protein expressions were significantly increased in BAL cell 
lysates from horses with mild/moderate and severe EAS compared to 
healthy horses. Experiment 2 – MARCKS expression was significantly 
increased in BAL cell lysates from symptomatic horses with severe EAS 
compared to healthy horses. Conclusion: Relative expression of MARCKS 
and MARCKSL1 are altered in BAL cells from horses with EAS. Impact 
Statement: Our findings warrant further investigation of a possible role 
for MARCKS family proteins in the pathophysiology of inflammation in 
an equine model of organic-dust induced asthma.

P004
HTLV-1 CTCF-Binding Site Is Dispensable for In Vitro 
Immortalization and Persistent Infection In Vivo
Michael Martinez1,2, Jacob Al-Saleem1,2, Amanda Panfil1,2, Wessel Dirksen1,2, 
Xiaogang Cheng3, Lee Ratner3, Patrick Green1,2,4 
1The Ohio State University Center for Retrovirus Research, Columbus, OH, 
USA. 2The Ohio State University Department of Veterinary Biosciences, 
Columbus, OH, USA. 3Washington University Division of Oncology, St. 
Louis, MO, USA. 4The Ohio State University Comprehensive Cancer Center, 
Columbus, OH, USA

Abstract

Introduction/Objectives: Human T-cell leukemia virus type 1 (HTLV-
1) is the retroviral etiologic agent of adult T-cell leukemia/lymphoma. 
CCCTC-binding factor (CTCF) has been shown to play a major role in 
organization of metazoan higher-order chromatin structure, gene 
expression, chromatin insulation, and genomic imprinting. A CTCF-
binding site was identified within the HTLV-1 genome (vCTCF-BS). 
Therefore, HTLV-1 integration randomly inserts a vCTCF-BS into the 
host genome. CTCF-mediated interactions between proviral and host 
CTCF-binding sites has been shown to alter host chromatin structure 
and flanking host gene expression. This study examines the effects 
of the vCTCF-BS on HTLV-1-induced in vitro immortalization and in 
vivo persistent infection. Materials, Methods, and Experimental 
Design: The vCTCF-BS was mutated to abolish CTCF binding (HTLV-
1∆CTCF). In vitro PBMC immortalization capacity of HTLV-1∆CTCF 
was evaluated via cocultivation assay. New Zealand White rabbits 
[Crl:KBL(NZW)] (6 males/condition; 12-14 weeks) were then infected 
with lethally-irradiated viral producer cell clones followed by serial blood 
collection over a twelve-week period. Collected samples were used to 
assess HTLV-1-specific antibody response, proviral load, and viral gene 
expression. Results: HTLV-1 and HTLV-1∆CTCF in vitro immortalization 
capacity was comparable. HTLV-1-specific antibody response was 
significantly decreased in HTLV-1∆CTCF infected rabbits. Proviral load 
and gene expression were not significantly altered. Conclusions: CTCF 
binding to the vCTCF-BS is dispensable for in vivo viral persistence, but 
plays a role in the host immune response. Impact Statement: This 
study provides the first in vivo characterization of the effects of CTCF on 
HTLV-1 persistence.
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P005
Causes of Morbidity and Death in Sprague-Dawley and 
Wistar Rats in Two-Year Carcinogenicity Studies and 
Variations Over Time
Nicholas Vetter1, Charissa Dean2, Keith Nelson2 
1Michigan State University, College of Veterinary Medicine, East Lansing, MI, 
USA. 2Charles River Laboratories, Mattawan, MI, USA

Abstract

Introduction: Determination of cause of morbidity and death (COD) 
in early termination (DOS) carcinogenicity study animals can aid in 
understanding both test article related and background pathology 
within test animal populations. Examination of COD across gender and 
strain reveals population differences and how these change over time, 
assisting in the evaluation of potential toxicity. Experimental Design/
Methods: We reviewed 54 carcinogenicity studies performed at a 
single contract research organization over 13 years utilizing 31,719 rats 
(28,038 Sprague-Dawley (SD) and 3,681 Wistar, approximately equal 
numbers of each sex) to survey COD variance between rat strains and 
over time. Results: Among SD rats (60.8% of males, 61.6 % of females), 
the most common COD was pituitary tumor in males (34.7%) and 
females (53.0%), followed by undetermined cause (24.2%) in males and 
mammary tumor (26.7%) in females. SD rats were assessed in 4-5-year 
intervals, demonstrating decreasing incidence over time of brain tumor, 
histiocytic sarcoma, hibernoma and undetermined COD in both sexes, 
with decreasing incidence of mammary tumors in females.  Pituitary 
tumors increased over time in both sexes and incidence of nasal 
inflammation as a COD increased in males.  Among Wistar rats (21.2% 
of males, 27.6% of females) pituitary tumor was also the most common 
COD (28.7% in males, 36.8% in females), followed by liver tumor (9.2%) 
in males, and mammary tumor (10.0%)  in females. Conclusion/
Impact Statement: This survey provides substantial insight into the 
prevalent causes of death in two commonly used rat strains, improving 
our knowledge regarding background causes of morbidity/mortality.

P006
Impact of Sex, Androgens, and Prostate Size on C57Bl6/J Mouse 
Urinary Physiology: Gross and Histologic Assessment of a New 
Platform for Toxicological Testing
Hannah Ruetten, Kyle Wegner, Brett Mueller, Helen Zhang, Peiqing Wang, 
Jaskiran Sandhu, Simran Sandhu, Zunyi Wang, Dale Bjorling, William Ricke, 
Paul Marker, Chad Vezina 
University of Wisconsin-Madison, Madison, WI, USA

Abstract

Introduction: We use mice to study male urinary dysfunction, 
including the role of environmental contaminants. However, little 
baseline data of mouse lower urinary tract exists. The goal of this study 
is to determine the impact of sex, androgens, and prostate size on gross 
morphology of mouse urinary tract and internal anatomy of the urethra. 
Methods: Androgens and prostate size were manipulated through 
exogenous testosterone supplementation, high dose finasteride 
(5-alpha-reductase inhibitor), and, in males, surgical castration and 
genetic ablation of prostatic luminal cells. We serially sectioned a 
control male mouse urethra in the transverse plane for H&E assessment. 
We performed IHC on a transverse section in our region of interest in 
order to quantify internal and external prostate gland characteristics. 
We also plan to compare the internal structure of the female urethra. 
Experimental Design: All mice were on a C57Bl6/J background and 
collected at 9-weeks-of-age (n=4-11 per group). Results: Our serial 
H&E sections of male mouse urethra created a complete map the 
internal structure of the prostatic urethra from bladder neck to pelvic 
urethra and allowed us to identify regions for further assessment. 
We have completed staining of various hormone and prostate size 
manipulations in male mice and are beginning quantitative analysis. 
Conclusions: Different prostate size and androgen manipulations 
(castration/finasteride/testosterone) have different impacts on the 
external and internal anatomy of the lower urinary tract. Impact: We 
provide key information for researchers using mouse models to study 
urinary function and established new urology-focused endpoints for 
toxicological testing.
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P007
Impact of Sex, Androgens, and Prostate Size on C57Bl6/J Mouse 
Urinary Physiology: Functional Assessment of a New Platform 
for Toxicological Testing
Hannah Ruetten, Kyle Wegner, Helen Zhang, Peiqing Wang, Jaskiran Sandhu, 
Simran Sandhu, Dale Bjorling, William Ricke, Paul Marker, Chad Vezina 
University of Wisconsin Madison, Madison, WI, USA

Abstract

Introduction: The fields of toxicology and urology have developed in 
parallel but have not intersected. This is unfortunate because modern 
toxicology principles may hold the key to identifying previously 
unrecognized contributors to urinary tract disease. New studies are 
highlighting the role of environmental exposures on maintenance of 
urinary function in male mice. The goal of this study is to determine 
whether male urinary dysfunction can be meritoriously modeled in 
mice. We specifically address how sex, androgens, and prostate size 
influence urinary function. Experimental Design: Urinary physiology 
testing was performed on 9-week-old intact and castrated male mice 
as well as females (n=6-11). Methods: Void spot assays and cystometry 
are used to measure urinary function. Androgens and prostate size were 
manipulated through exogenous testosterone supplementation, high 
dose finasteride (5-alpha-reductase inhibitor), and, in males, surgical 
castration and genetic ablation of prostatic luminal cells. Results: We 
found robust differences between male and female urinary function. We 
also found that female mice were more sensitive to changes in androgens, 
again resulting in robust changes in urinary function. Changes in 
androgens and prostate size singularly had minimal effects on urinary 
function, pointing to potential combinatorial impacts of prostate and 
androgens. Conclusion: This study reveals the essential foundational 
data necessary to fully understand the role of environmental exposures, 
such as endocrine disruptors, on urinary physiology in mice. Impact: 
We can now move forward using this platform to model and test the 
potential for environmental contaminants to disrupt urinary function 
in humans.

P008
Poster Withdrawn

P009
Perinatal Di-(2-ethylhexyl) Phthalate Exacerbates Anaphylaxis in 
Male Offspring
Emily Mackey1,2, Adam Moeser1  
1Michigan State University, East Lansing, MI, USA. 2North Carolina State 
University College of Veterinary Medicine, Raleigh, NC, USA

Abstract

Environmental exposure to the class of endocrine disrupting chemicals 
called phthalates is increasingly linked to immune disorders such as 
allergy, asthma, and autoimmune disease. The mechanisms underlying 
this relationship are largely unknown. Recently, we demonstrated that 
perinatal testosterone exposure in mice reduced the activation of mast 
cells (MCs), a critical immune cell driver of immune disease, and IgE-
mediated anaphylaxis. Phthalates have established anti-androgenic 
effects and in utero exposure to phthalates reduces fetal serum 
testosterone. Therefore, we investigated whether perinatal exposure 
to the ubiquitous environmental anti-androgen, di-(2-ethylhexyl) 
phthalate (DEHP), would exacerbate MC-mediated disease in adulthood. 
Pregnant C57BL/6 mice consumed a low or high DEHP dose (0, 200 μg/
kg, or 200 mg/kg body weight) from E16.5 until parturition and during 
the first 7 days of lactation. IgE-mediated anaphylaxis was performed 
in male and female perinatally DEHP exposed offspring at 8 weeks of 
age. Hypothermia responses (Δ temp: 0: -4.3 ±0.30, 200 μg/kg: -4.97 
±0.32, 200 mg/kg: -5.44 ±0.21 °C). and serum histamine levels (0: 308 
±32, 200 μg/kg: 397 ±27, 200 mg/kg: 440 ±35 ng/mL) were increased in 
male offspring exposed to high and low doses of DEHP. No differences 
were found in female offspring exposed to DEHP. Together, these data 
demonstrate that perinatal exposure to the widespread environmental 
anti-androgenic chemical, DEHP, worsens MC disease pathophysiology 
in male offspring. These findings provide new insight on the impact of 
phthalate exposure during a critical early life period on MC-mediated 
disease susceptibility.
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P010
Spontaneous Proliferative Typhlocolitis in FVB Mice
Lauren Peiffer, Cory Brayton, Karen Sfanos 
Johns Hopkins University School of Medicine, Baltimore, MD, USA

Abstract

Introduction: WT FVB mice derived from an in-house breeding colony 
at Johns Hopkins University developed spontaneous diarrhea on 
Day 0 of a pilot study aimed at colonizing the gastrointestinal tract 
with the bacterium Akkermansia muciniphila (Amuc).  Experimental 
Design: Fecal samples were collected at 1 month of age to confirm 
Amuc-negative status.  Animals were divided into two groups (Control 
(n=11) and Amuc gavage (n=15)). Longitudinal fecal samples were 
collected from animals in both groups on Day 0, 15, 30, 60.  Amuc 
animals were gavaged with 100μl of PBS containing 1 x 107 Amuc 
on Day 0, 2, 8, 10. Animals were sacrificed at day 60, gastrointestinal 
tract and mesenteric lymph nodes were collected and fixed in 
10% neutral buffered formalin, processed, sectioned and stained. 
Methods: Infectious Disease Detection: Pooled fecal samples and serum 
were sent for PCR Infectious Agent (PRIA) testing and serology testing, 
respectively, through Charles River. Experimental Methods: Bacterial 
DNA was extracted from fecal samples and Amuc levels were 
determined by qPCR. Results: Disease Detection: All PRIA and serology 
results were negative.  Necropsy findings: Chronic-active proliferative 
typhlocolitis with severe medullary sinus ectasia of mesenteric 
lymph nodes.  Experimental methods: Amuc colonized a sub-group of 
unaffected animals (3/6). Conclusions: Mice developed a proliferative 
typhlocolitis unrelated to experimental manipulation due to an 
unknown cause. Oral gavage is a viable method of colonizing the mouse 
gastrointestinal tract with Amuc.  Impact statement: Spontaneous 
disease influences experimental outcomes and researchers should 
maintain active participation in colony health surveillance.

P011
Bisphenol A and Its Analogues Induce Fibrosis in a 3D Human 
Uterine Fibroid Model
Jingli Liu, Linda Yu, Lysandra Castro, Yitang Yan, Darlene Dixon 
NIEHS, Research Triangle Park, NC, USA

Abstract

Introduction: Bisphenol A (BPA) and its analogues (BPS, BPAF) are 
ubiquitous environmental contaminants with some having estrogenic 
properties. Recently, BPA was found to induce fibrosis in the liver, lung, 
and heart, and both BPA and BPAF, reportedly, can stimulate fibrosis 
in uteri of mice. In women, uterine leiomyomas (fibroids) are highly 
prevalent estrogen-responsive tumors that often have excessive 
accumulation of extracellular matrix (ECM) components. The role of 
environmental estrogens in fibrotic changes observed histologically in 
uterine fibroids is unknown. Experimental Design: Three dimensional 
(3D) human uterine leiomyoma (ht-UtLM) cultures were used to study 
the effects of BPA, BPS, or BPAF (10-6 -100 mM) on cell proliferation, 
fibrosis, and gene expression. Methods: Cell proliferation was 
evaluated using cell counting kit-8 assays. Differential gene expression 
(BPAF) was determined by a pathway-focused (fibrosis) RT² Profiler™ 
PCR array. Fibrosis was confirmed in formalin-fixed paraffin-embedded 
spheroid sections (5mm) with a Masson’s Trichrome (MT) stain, or by 
western blotting for ECM components. Results: BPA, BPS, and BPAF 
all increased cell proliferation and fibrosis in 3D cultures. Fibronectin 
(ECM component) expression was increased with all treatments. 
BPAF upregulated expression of ECM and pro-fibrotic genes, and 
downregulated anti-fibrotic genes in 3D cultures. Conclusions: BPA, 
BPS, and BPAF can stimulate proliferation and fibrosis, and BPAF 
can upregulate pro-fibrotic genes in 3D ht-UtLM cultures. Impact 
statement: BPA and its analogues may be risk factors for development 
and progression of fibrosis in uterine fibroids and 3D fibroid cultures 
are a good model for studying molecular mechanisms of fibrosis.



STP 38th Annual Symposium 

14 Download the 2019 Annual Meeting App for up-to-date information.Poster Index

P012
Comparative Exposure Assessment in Pet Dogs: A Sentinel 
Species to Examine Health Outcomes?
Catherine Wise1,2, Stephanie Hammel3, Nicholas Herkert3, Jun Ma4,5, Alison 
Motsinger-Reif6, Heather Stapleton3,7, Matthew Breen1,2,7,8,9 
1Program in Environmental and Molecular Toxicology, Department of 
Biological Sciences, North Carolina State University, Raleigh, NC, USA. 
2Department of Molecular Biomedical Sciences, College of Veterinary 
Medicine, North Carolina State University, Raleigh, NC, USA. 3Nicholas 
School of the Environment, Duke University, Durham, NC, USA. 
4Department of Statistics, North Carolina State University, Raleigh, NC, 
USA. 5Bioinformatics Research Center, North Carolina State University, 
Raleigh, NC, USA. 6Biostatistics and Computational Biology Branch, National 
Institute of Environmental Health Sciences, Durham, NC, USA. 7Duke 
Cancer Institute, Durham, NC, USA. 8Comparative Medicine Institute, North 
Carolina State University, Raleigh, NC, USA. 9Center for Human Health and 
the Environment, North Carolina State University, Raleigh, NC, USA

Abstract

Only 5-10% of human cancers can be explained by genetics alone, 
suggesting the environment plays a strong role in disease etiology. 
Quantifying the impacts of exposures remains challenging due to 
latency issues that can take years to manifest after exposure. Dogs may 
provide valuable insights as a sentinel species for exposure-related 
human disease because they experience similar environment exposures, 
have a 6-8 fold shorter lifespan, share many clinical and biological 
behaviors, and have closely related genomes. We evaluated individual 
exposures among pet dogs and their paired human companions using 
silicone dog-tags and wristbands as personal passive samplers (n=30 
pairs). Silicone samplers were analyzed for a suite of chemicals across 
multiple compound classes, including organophosphate esters (OPEs), 
polybrominated diphenyl ethers, polychlorinated biphenyls, phthalates, 
and pesticides. As a validation pilot study, we also collected urine 
samples from each human and canine study participant, and measured 
levels of OPE metabolites. Thirty-two of the 41 compounds measured, 
with a detection frequency >50%, were significantly correlated 
between dog-tags and human wristbands (rs = 0.38-0.90; p <0.05), 
indicating the dog could be a valuable One Health model and potential 
sentinel species for examining how exposure to consumer product 
chemicals impact health. The concentrations of several OPEs parent 
compounds measured on the dog tags were significantly correlated 
with their respective metabolites in urine (rs = 0.50-0.71; p <0.01). 
These data support the value of the domestic dog as a sentinel species 
to investigate the potential long-term health impacts on humans from 
shared exposures.

P013
Aging-Like Spontaneous Epigenetic Silencing Facilitates WNT 
Activation, Stemness and BRAFV600E-Induced Tumorigenesis
Byunghak Kang1, Yong Tao1, Daniel Petkovich1, Yuba Bhandari1, Julie In1, 
Genevieve Stein-O’Brien1, Xiangqian Kong1, Wenbing Xie1, Nicholas Zachos1, 
Shinji Maegawa2, Himani Vaidya3, Stephen Brown1, Ray-Whay Yen1, Xiaojian 
Shao4, Jai Thakor1, Zhihao Lu5, Yi Cai1, Yuezheng Zhang6, Izaskun Mallona7, 
Miguel Peinado7, Cynthia Zahnow1, Nita Ahuja1, Elana Fertig1, Jean-Pierre Issa3, 
Stephen Baylin1, Hariharan Easwaran 1  
1The Johns Hopkins University School of Medicine, Baltimore, MD, USA. 
2University of Texas, MD Anderson Cancer Center, Houston, TX, USA. 
3Temple University, Philadelphia, PA, USA. 4McGill University, Montreal, 
QC, Canada. 5Peking University Cancer Hospital & Institute, Beijing, China. 
6University of Washington, Seattle, WA, USA. 7Germans Trias i Pujol Health 
Science Research Institute (IGTP), Badalona, Spain

Abstract

Background: Spontaneous promoter DNA hypermethylation associated 
gene silencing arises during aging and in early carcinogenesis, yet its 
role in early carcinogenesis is underexplored. An important scenario 
is Human BRAFV600E mutant colon adenocarcinomas (COAD), which 
harbor abnormal promoter CpG-island methylator phenotype (CIMP). 
Understanding mechanisms of CIMP and oncogenic-BRAF interaction 
in COAD initiation could lead to useful clinical interventions. Objectives: 
To characterize the spontaneous promoter DNA hypermethylation in 
mouse colon-derived organoids and its role in carcinogenesis of COAD 
in the context of BrafV600E mutation. Methods: Organoids were prepared 
from the proximal colon of heterozygous cre-inducible BrafV600E (Braf+/
LSL) and wild-type siblings. The organoids were cultured in stem cell 
niche factor enriched media. Their phenotypes were analyzed at 
different time points using Wnt dependency assays, xenograft assays, 
DNA methylation and expression profiling. Results: The spontaneous 
promoter DNA hypermethylation in mouse colon-derived organoids 
mimics the human “aging-like” methylation profile, and associated 
gene silencing promotes activation of the Wnt pathway inducing an 
autonomous stem-like proliferation and dedifferentiation of colon-
derived organoids. These changes render aged organoids profoundly 
sensitive to oncogenic transformation by BrafV600E mutation. Consistent 
with this result, CRISPR-mediated simultaneous inactivation of a panel 
of the silenced genes markedly sensitizes the organoids to BrafV600E 
induced transformation.  Conclusions: Spontaneous promoter DNA 
hypermethylation in mouse colon-derived organoids promotes 
autonomous stem-like proliferation and dedifferentiation, which 
facilitates BrafV600E mutation to drive tumor initiation. Our studies 
underscore the importance of age-related epigenetic abnormalities in 
modulating stem cell states and predisposing to tumor induction upon 
acquisition of oncogenic mutations.
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P014
Peripheral Blood Cytokine Concentrations in Canine 
Glioma Patients
Gregory Krane1,2, Kristen Messenger2, Christopher Mariani3,4 
1National Institute of Environmental Health Sciences: National Toxicology 
Program: Cellular and Molecular Pathology Branch, Research Triangle 
Park, NC, USA. 2North Carolina State University: College of Veterinary 
Medicine: Department of Molecular Biomedical Sciences, Raleigh, NC, 
USA. 3North Carolina State University: College of Veterinary Medicine: 
Comparative Neuroimmunology and Neuro-Oncology Laboratory, Raleigh, 
NC, USA. 4North Carolina State University: College of Veterinary Medicine: 
Department of Clinical Sciences, Raleigh, NC, USA

Abstract

Introduction: Human and rodent gliomas immunosuppress the host, 
both in the tumor microenvironment and systemically. This study aimed 
to determine whether peripheral blood cytokine concentrations in dogs 
with glioma behave similarly. We hypothesized glioma would result in 
cytokine concentration changes consistent with immunosuppression. 
Experimental Design: Concentrations of IL-2, IL-8, CXCL1, IL-10, MCP-1, 
and TGFB(TGFB1, TGFB2, TGFB3) in peripheral blood were measured in 
glioma (n = 26) and clinically healthy (n = 12) canines. Methods: Frozen 
serum samples were prepared for analysis via commercially-available, 
canine-specific multiplex assays (Millipore MILLIPLEX® MAP Canine 
Cytokine/Chemokine Magnetic Bead Panels) for IL-2, IL-8, CXCL1, IL-
10, and MCP-1, and another for TGFB1, TGFB2, and TGFB3. Samples 
were analyzed in duplicate. Results: No significant differences were 
detected for any cytokine concentrations between glioma patients 
and clinically healthy canines [p < 0.05 considered significant, Mann-
Whitney test for non-normally distributed data (D’Agostino & Pearson 
normality test)].  Conclusion: This study does not provide evidence 
to suggest any difference in the measured cytokine concentrations 
between glioma patients and clinically healthy canines, which differs 
from human and rodent literature. This may reflect a true difference, 
or it may be due to assay limitations, high variability amongst animals, 
any unknown existing disease in the patients, or sample size limitations. 
Impact Statement: If glioma immunosuppresses the dog similar to 
humans and rodents, peripheral blood cytokine concentrations may 
not be an appropriate biomarker. Further investigation of canine 
glioma immunosuppression using alternative techniques is warranted.

P015
A Time-Course Analysis of Blood-Tumor Barrier Pathology in 
Brain Metastasis
Alix Dieterly1, Gozde Uzunalli1, Chinyere Kemet1, Aparna Soepriatna2, Craig 
Goergen2, Michael Wendt3 
1Department of Comparative Pathobiology, Purdue University, West 
Lafayette, IN, USA. 2Weldon School of Biomedical Engineering, Purdue 
University, West Lafayette, IN, USA. 3College of Pharmacy, Department of 
Medicinal Chemistry and Molecular Pharmacology, Purdue University, West 
Lafayette, IN, USA

Abstract

Introduction: Brain metastases of lung cancer, particularly non-
small cell lung cancer (NSCLC), are increasing. The restrictive blood-
brain barrier (BBB), shifts to the blood-tumor barrier (BTB) in brain 
metastases, impeding therapeutic delivery. We aim to identify changes 
in structural components of the BTB in NSCLC brain metastases over 
time, which may be therapeutic targets. Experimental Design: NSCLC 
brain metastases were developed in Foxn1nu mice with intracardiac 
injection of A549 cells. Brains were collected at 1-6 weeks post-ICI (n=3 
or 5). Functional BBB components were evaluated qualitatively and 
quantitatively with immunofluorescence microscopy. Methods: The 
shift of the BBB to the BTB over time was evaluated using five regions 
from brain tumors (BTB), the surrounding brain (brain around the tumor, 
BAT), and controls (BBB) using Zen software. Results: Endothelial cell 
expression (CD31) was increased in tumors (BTB) compared to controls 
(BBB) at 3-5 weeks (p<0.001, p<0.001, p<0.05, respectively). Basement 
membrane (collagen IV) components were decreased at the 5 week 
(p<0.001) and 6 week (p<0.001) time points. Pericytes (PDGFRβ) 
were decreased in metastases at 4 (p<0.05), 5 (p<0.001), and 6 weeks 
(p<0.001). A 4.7-12.2 fold loss of the AQP4 water channels was present 
at 3-6 weeks post ICI (p<0.001) vs. controls. Conclusions: We provided 
the first comprehensive analysis of the shift from the BBB to the BTB 
in NSCLC. Our results demonstrate diminished pericytes, basement 
membranes, and astrocytic endfeet over time in the BTB. Impact: AQP4 
water channels within astrocyte endfeet may serve as therapeutic 
targets for NSCLC brain metastases to improve patient survival.
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P016
Preventive Anti-Androgen Interventions Inhibit Tumor 
Initiation in a Diethylnitrosamine-Induced, Rodent Model of 
Hepatocellular Carcinogenesis
Timothy Helms1,2,3, Jennifer Thomas-Ahner2, Leon Xie3, Moray Campbell3,2, 
Mitch Phelps3,2, Steven Clinton2, Christopher Coss3,2 
1Department of Veterinary Biosciences, College of Veterinary Medicine, 
The Ohio State University, Columbus, OH, USA. 2Comprehensive Cancer 
Center, College of Medicine, The Ohio State University, Columbus, OH, 
USA. 3Division of Pharmaceutics and Pharmaceutical Chemistry, College of 
Pharmacy, The Ohio State University, Columbus, OH, USA

Abstract

Introduction/Objectives: Early surgical castration inhibits hepatocellular 
carcinogenesis in pre-clinical models. Pharmacologic interventions 
targeting the androgen signaling axis in advanced hepatocellular 
carcinoma (HCC) invariably fail. This implicates a crucial role for 
androgen signaling early in hepatocarcinogenesis. Our objectives were 
to: 1. Evaluate inhibition of hepatocellular carcinogenesis by preventive 
pharmacologic androgen receptor (AR) antagonism; 2. Characterize 
hepatic AR in early liver carcinogenesis; 3. Clarify how early AR antagonism 
inhibits HCC. Experimental Design: Carcinogen challenge consisting of 
partial hepatectomy and 50 mg/kg intraperitoneal diethylnitrosamine 
(DEN) was administered to10-week-old, male Sprague-Dawley 
rats preventively treated with AR-antagonist enzalutamide (ENZ), 
castration (ORX), or vehicle. Animals were euthanized 4-weeks after 
challenge. Methods: Biochemical and immunohistochemical analyses 
were performed on liver samples collected at partial hepatectomy 
and sacrifice. DEN-induced ethyl-thymidine adducts were quantitated 
using liquid chromatography and tandem mass spectrometry. Results: 
1. Preventive ENZ inhibits formation of pGST positive, preneoplastic foci. 
2. Hepatic AR is upregulated in early carcinogenesis. AR is expressed in 
the periportal interstitium while absent from the hepatocyte. 3. ENZ 
inhibits DEN bioactivator CYP2E1 expression, reducing mutagenic 
ethyl-thymidine adducts formed during DEN metabolism. ORX also 
reduces ethyl-thymidine formation without suppression of CYP2E1. 
Conclusions: Preventive pharmacologic antagonism of the AR inhibits 
DEN-induced hepatocellular carcinogenesis.

Hepatic AR is absent from the hepatocyte implicating an indirect 
influence on DEN carcinogenesis.

Preventive ENZ and ORX inhibit the initiating mutagenic events in the 
rat DEN/PH model of hepatocellular carcinogenesis.

Impact statement: Preventive anti-androgen interventions act at the 
earliest, initiating events of DEN-induced hepatocellular carcinogenesis.

P017
Diethylnitrosamine Induces Hemangiosarcoma in a Rat Model of 
Liver Carcinogenesis
Timothy Helms1,2,3, Jennifer Thomas-Ahner2, Krista La Perle1,2, Steven Clinton2, 
Christopher Coss3,2 
1College of Veterinary Medicine, The Ohio State University, Columbus, 
OH, USA. 2Comprehensive Cancer Center, The Ohio State University, 
Columbus, OH, USA. 3College of Pharmacy, The Ohio State University, 
Columbus, OH, USA

Abstract

Introduction: Diethylnitrosamine (DEN) is a carcinogenic hepatotoxin 
widely used in the study of liver pathology.  We describe and confirm 
the generation of hemangiosarcomas in a rat model of DEN-induced 
cirrhosis and accelerated hepatocellular tumorigenesis. Experimental 
Design: Carcinogenesis was initiated in 10-week-old male Sprague 
Dawley rats via combination partial hepatectomy and 50 mg/kg 
intraperitoneal (IP) DEN. Animals recovered for 4-weeks, followed 
by weekly 50 mg/kg IP DEN injections for 6, 10 or 14 weeks (N=8/
group). Methods: Upon euthanasia and autopsy, livers and lungs 
were formalin-fixed, paraffin-embedded and sectioned for routine 
and immunohistochemical (IHC) staining.  Histologic diagnoses were 
based on INHAND hepatobiliary guidelines. Results: All 14-week livers 
were cirrhotic with multiple hepatocellular adenomas; 1/8 also had 
multifocal hepatocellular carcinomas. Four livers also had large, blood-
filled tumors, which had ruptured in one resulting in hemoabdomen 
evident at autopsy. Multifocal similar masses were also present in 
2/4 lungs. Histopathology of these blood-filled tumors, coupled with 
positive CD31 and Factor VIII IHC, are consistent with hemangiosarcoma. 
Conclusion: High dose, IP DEN injections induce hemangiosarcoma 
with metastatic potential in rats.  Impact statement: Hemangiosarcoma 
is a rare, spontaneous tumor in aged rodents. DEN induction of hepatic 
hemangiosarcoma is described, but a lesser known consequence of 
repeated, high-dose and/or long-term administration. The end-point 
of many DEN studies is often limited to gross tumor counts without 
histopathological confirmation.  Hemangiosarcoma represents a 
potential confounding lesion and cause for morbidity and mortality in DEN 
studies.
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P018
Effects of Black Cohosh Root Extract on Reproduction and 
Development of Male and Female Hsd: Sprague-Dawley SD Rats
Madelyn Huang1, Amy Brix2, Katie Turner3, Helen Cunny1, Barry McIntyre1, 
Michelle Cora1, Keith Shockley1, Suramya Waidyanatha1, Chad Blystone1  
1National Toxicology Program, Research Triangle Park, NC, USA. 2EPL, Inc., 
Research Triangle Park, NC, USA. 3RTI International, Durham, NC, USA

Abstract

Introduction: Black cohosh (Actaea racemosa) is a botanical dietary 
supplement primarily marketed to alleviate menopausal symptoms 
and premenstrual syndrome. Due to widespread use by women 
of child-bearing age, black cohosh extract (BCE) was tested for 
reproductive and developmental toxicity. Experimental Design and 
Methods: Hsd:Sprague Dawley SD rats (F0) were administered 0, 250, 
500, and 1000 mg BCE/kg/day by oral gavage and mated three times. 
Male and female offspring from the third mating (F1) were raised 
and given the same BCE dose as their parents after weaning. Vaginal 
opening (VO)/balanopreputial separation (BPS) and reproductive 
performance in three matings were assessed in F1 animals. Results: 
In the two highest dose groups, BCE decreased the fertility index and 
litter size in both generations. Percent motile sperm was decreased 
compared to controls in F0 males exposed to 1000 mg/kg BCE and in F1 
males exposed to 500 and 1000 mg/kg BCE. Cauda epididymal (CE) and 
testis sperm concentration were decreased in F0 males at the highest 
dose; all exposed F1 animals had lower CE sperm concentrations. There 
were minimal effects on ovarian follicles and ovary weight. F1 offspring 
had delays (1-2 days) in attainment of VO or BPS, without differences 
in body weight at acquisition. Conclusion: Exposure to 500 and 1000 
mg/kg BCE decreased fertility and litter size in rats due to reproductive 
toxicity in males, and possibly in females. Histopathological evaluations 
are underway to further evaluate these effects.  Impact Statement: 
Under these study conditions, BCE affects male fertility and puberty in 
both sexes. 

P019
A Multidisciplinary Approach to Understand the Pathogenesis of 
Radiation Induced Lung Toxicity
Priyanka Thakur1, Ryne DeBo1,2, Greg Dugan1, J. Daniel Bourland1, Thomas 
Register1, Nancy Kock1, J. Mark Cline1  
1Wake Forest School of Medicine, Winston-Salem, NC, USA. 2JDRF 
International, New York, NY, USA

Abstract

Introduction: Radiation induced lung injury (RILI) is a progressive 
disease which can lead to potentially irreversible fibrotic changes for 
which there is no effective FDA approved treatment. Experimental 
Design: Young adult male nonhuman primates were exposed to 
10 Gy whole thoracic gamma radiation and followed for 8 months 
for evidence of discomfort and illness, respiratory rate, and RILI on 
CT exam. Methods: At necropsy, lung was collected from different 
regions for histopathology and gene expression analyses. Collagen 
was quantified by image analysis on Masson’s trichrome-stained 
sections. Transcriptomic analysis of lung tissue was done using RNAseq. 
Circulating cytokines were assessed at baseline and across time until 
necropsy. Results: Phenotypic characterization revealed moderate to 
severe inflammation in the early phase of RILI whereas the fibrosis pattern 
varied in the early and the late phases. Top significantly differentially 
expressed genes included SERPINA3, GJB2, CLDN10, GPC5, CCL2, and 
upstream regulators, including TGFB1, TNF, LPS, INFG, CDKN1A, FOXM1 
and CCND1. The findings were also analyzed in the context of clinical 
manifestations, blood transcriptome, and broncho- alveolar lavage 
cytospin analyses as correlative data. Conclusion: Canonical pathways 
identified from DEGs include P53 signaling, TREM1 signaling, acute 
phase response signaling, cell cycle (DNA damage and check point 
regulation), oncostatin M signaling, granulocyte and agranulocyte 
adhesion and diapedesis. Ongoing studies are evaluating relationships 
between transcriptome, histopathology and systemic responses to RILI. 
Impact Statement: Improved understanding the pathogenesis of RILI 
will help to identify opportunities for prevention or treatment of RILI.  
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P020
Drusen or Not?: A Basophilic Retinal/Subretinal Background 
Finding in Cynomolgus Macaques Eyes
Anna Gates1, Michelle Magagna1,2, Jim Reindel2, Keith Nelson2 
1Michigan State University, East Lansing, MI, USA. 2Charles River 
Laboratories, Mattawan, MI, USA

Abstract

Introduction: Cynomolgus macaques (Macaca fascicularis) are 
commonly used in safety studies as a model for human toxicity, with 
ever-increasing numbers being used in systemic toxicity or localized 
toxicity studies where test article is administered in ocular/periocular 
tissues. A finding at the retinal pigment epithelium (RPE) of aggregated 
focal or multicentric basophilic acellular material was observed in the 
eyes of both control and treated cynomolgus macaques on several 
studies at our contract research facility. A similar finding, termed drusen, 
has been reported in humans and in a single colony of macaques. 
This retrospective study was conducted to further characterize and 
determine the incidence of this finding. Experimental Design/
Methods: H&E stained sections of 544 eyes from 274 treated and 
control cynomolgus macaques used in 10 toxicology studies were 
retrospectively examined. Ophthalmic and signalment data were also 
reviewed. Results: A pale basophilic retinal or subretinal accumulation 
of material occurred in 2.4% of the eyes examined and in 4.1% of the 
individual animals. The material was adjacent to the retinal pigment 
epithelium (RPE), often near the fovea, and had a hyalinized to loosely 
granular appearance. The material was PAS and Alcian blue positive. 
There were no associated degenerative retinal changes or clinical 
ocular findings. There was no significant difference in the incidence 
based on sex, treatment groups, or animal source. Conclusion/Impact 
Statement: RPE-adjacent basophilic accumulations spontaneously 
occur in a low number of cynomolgus macaques. It is important to 
keep this incidental finding in macaque eyes in mind when assessing 
possible test article-related ocular findings.  

P021
Effects of Intranasal Carnosine on Alpha-Synuclein (+) Neurons 
in the Thy1-aSyn Mouse Model of Parkinson’s Disease
Josephine Brown, Kim Seroogy, Mary Beth Genter 
University of Cincinnati, Cincinnati, OH, USA

Abstract

Parkinson’s disease (PD) is a common and debilitating 
neurodegenerative disorder. Early symptoms of PD include motor 
dysfunction and decreased olfaction. Toxic aggregation of α-synuclein 
(aSyn) is a hallmark of PD pathology and aggregates in the olfactory 
bulb (OB) and substantia nigra pars compacta (SNpc). aSyn aggregation 
correlates with olfactory and motor impairments, respectively, in PD 
patients. Thy1-aSyn transgenic mice exhibit these and other features 
of PD, making this a suitable model for studying drug intervention in 
PD. Carnosine is an endogenous dipeptide and was found to produce 
beneficial effects in PD patients. Treatment with 2mg/d intranasal (IN) 
carnosine for 2 months improved motor behavior in Thy1-aSyn mice. 
We tested the hypotheses: (1) Thy1-aSyn mice have increased aSyn(+) 
neurons in the brain  and (2) IN carnosine decreases the number of 
aSyn(+) somata in the mouse brain. Wild-type and Thy1-aSyn mice 
received IN vehicle or 2.0mg/d carnosine treatment for 2 months. 
Brains were collected, sectioned, and immunostained. aSyn(+) somata 
counted using design-based stereology in the SNpc and OB. In the 
SNpc, Thy1-aSyn mice had more aSyn(+) somata compared to wild-
type (p-value<0.0001). Carnosine-treated Thy1-aSyn had fewer aSyn(+) 
somata compared to vehicle (p-value=0.0027) and aSyn(+) somata in 
carnosine-treated Thy1-aSyn mice were reduced to wild-type control 
levels in the SNpc (p-value=0.28). Preliminary counts of the olfactory 
bulb glomerular layer (OB-GL) suggest Thy1-aSyn mice have fewer 
aSyn(+) cells (p-value<0.0001) with no treatment effect. These results 
suggest that 2.0mg/d IN carnosine decreased somatic aSyn in the SNpc 
while improving motor function in Thy1-aSyn model of PD. 
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P022
Effect of Dilution on Hematologic Analysis of Rodent Blood 
Samples on the ADVIA 2021i Hematology Analyzer
Sukhdev Brar1, Keith Shockley2, Debra King1, Gregory Travlos1  
1Cellular and Molecular Pathology Branch, National Toxicology Program, 
NIEHS, Research Triangle Park, NC, USA. 2Biostatistics and Computational 
Biology Branch, NIEHS, Research Triangle Park, NC, USA

Abstract

Introduction: Few studies have been done to deal with the problem of 
analyzing low volume blood samples in a hematology lab. A potential 
way to deal with this problem is to dilute the samples before analyzing 
on the instrument. Here we tested the impact of sample dilution, for 
rodent blood analyzed on the Advia 2021i analyzer. Experimental 
Design: Blood from rats (n = 10) were collected in EDTA tubes. Blood 
was diluted 2-, 5-, 10-, and 20-fold in PBS and analyzed on a hematology 
analyzer. Nine hematology variables (RBC, WBC, Hgb, Hct, MCV, MCH, 
MCHC, platelets, and Retic) were examined. Methods: Blood samples 
were collected from rats housed in the NIEHS animal facility. Samples 
were checked for presence of any clots. Samples were first analyzed neat 
and then diluted into various concentrations using instrument sheath 
fluid. Results: Statistics (mean, SD, CV, and Total Error) were performed 
for all datasets. Allowable Total Error (ATE) was calculated from the 
neat samples as 2*CV+ 5% Bias. Mean bias of the diluted samples was 
calculated as (Mean Neat-Mean Diluted)/Mean Neat*100, and the 
Observed Total Error (OTE) for the diluted samples was calculated as 
2*CV+ mean bias. Samples diluted 1:2 and 1:5 were acceptable (OTE ≤ 
ATE) when tolerating a 5% Bias. When 10% Bias was permitted, samples 
diluted 1:10 were also acceptable. Conclusion: Low sample volume 
samples may be diluted 1:2 and 1:5 without compromising hematology 
variables tested. Impact statement: Sample dilution permits the 
inclusion of samples that would otherwise be discarded due to low 
volume.

P023
Analysis of Sugar Probes as Potential Biomarkers for 
Gastrointestinal Toxicity in Rats
Sayaka Kemmochi, Rio Saito, Yuka Masuyama, Hiromi Sugihara, Akira Inomata, 
Junichiro Hosokawa 
Pharmaceutical & Healthcare Laboratories, FUJIFILM Corporation, 
Kanagawa, Japan

Abstract

Although gastrointestinal (GI) toxicity is most common in chemotherapy, 
there are no specific biomarkers for GI toxicity in experimental animals. 
For human, lactulose/mannitol ratio has been used as a biomarker 
for relapse of Crohn’s disease. In this study, sugar probes as potential 
biomarkers of chemical-induced GI toxicity were investigated using 
rats. As a chemotherapy drug, topotecan at a dose of 0.5 or 1.0 mg/
kg/day was intravenously injected to male Sprague-Dawley rats for 
consecutive five days. Clinical signs were monitored daily. Prior to 
starting and after completing drug treatment, sugar probe mix (mannitol, 
lactulose, sucrose, and sucralose) was orally administered and urine 
was collected for 24 hours under fasting using metabolic cages. After 
euthanization, GI tissue samples, which included every region from 
the esophagus to the rectal, were collected and subjected to the 
microscopic examination. Each fraction of sugar probe mix in urine was 
determined by LC/MS/MS. The ratio of lactulose, sucrose, or sucralose to 
mannitol was calculated, and changes from the pre-dose values were 
evaluated. No notable clinical signs including those associated with 
GI toxicity were observed.  Histopathology revealed dose-dependent 
increases of the  incidence and severity in necrosis of epithelial cells 
in the small intestine of animals treated with 0.5 or 1.0 mg/kg/day. In 
the urine analysis in which pre and post-dose values were compared, 
lactulose/mannitol ratio was increased in animals treated with 0.5 and 
1.0 mg/kg/day and sucrose/mannitol ratio was increased in animals 
treated with 1.0 mg/kg/day. These results indicated that increased 
lactulose/mannitol and sucrose/mannitol ratios were correlated with 
the histopathological small intestinal findings induced by topotecan. In 
GI toxicity induced by topotecan, increased lactulose/mannitol and 
sucrose/mannitol ratios were correlated with the histopathology 
changes, suggesting that sugar probes are potential biomarkers for 
chemical-induced GI toxicity in rats. 
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P024
Labeling the Mouse Immune System—Markers and Protocols for 
Formalin-Fixed and Paraffin-Embedded Samples
James Tarrant, Enrico Radaelli 
University of Pennsylvania, School of Veterinary Medicine, 
Philadelphia, PA, USA

Abstract

Introduction. Tissue localization of immune cells is critical to the study 
of immunopathology in mouse models of human disease. Antibody 
and lectin-based staining techniques on histological samples can 
provide a precise assessment of the distribution and functional status 
of immune-inflammatory cell populations within the intact tissue 
context. Experimental Design. Provide a compilation of antibody 
and lectin-based staining protocols validated on formalin-fixed and 
paraffin-embedded (FFPE) tissue sections to study key aspects of 
murine immunobiology including cell identity and activation status 
across specific immune and/or inflammatory cell populations. Methods. 
Optimize over 40 mouse-specific immune cell markers on selected 
murine FFPE tissues combining both automated and manual brightfield 
immunohistochemistry (IHC) and multiplex immunofluorescence (IF) 
techniques. Results. The optimization of the staining protocols has 
allowed the validation of a broad battery of commercially available 
biomarkers suitable for IHC and/or multiplex IF on murine FFPE tissue 
sections. These techniques proved to be very effective for discriminating 
specific immune/inflammatory cell population and studying important 
immunobiological paradigms such as of macrophage polarization, 
suppressor myeloid cells infiltration, activation/exhaustion lymphocyte 
states. Conclusions. This work offers an accurate and comprehensive 
overview of commercially available antibodies and lectins that can be 
employed for the localization of specific immune/inflammatory cell 
populations of the murine immune system. The techniques outlined 
in this work can be used to study immune/inflammatory cell biology 
and their functional states. Impact statement. This work provides 
an important public resource to assist in the immunohistochemical 
assessment of the mouse immune system. 

P025
CHCMCE Flags Caused by Irregular RBC Flow Rate Do Not Impact 
Hemoglobin Measurement Using the ADVIA® 2120
Mike Logan, Samantha Wildeboer, Sue Riendl, Irina Skarzhin, Dimple Patel, 
Kelly Robinson, Joslyn Lewis, Erin Vaughan, Kirstin Barnhart 
AbbVie Inc., North Chicago, IL, USA

Abstract

Introduction:  The Siemens Advia® 2120 hematology analyzer 
determines red blood cell (RBC) hemoglobin concentration by direct 
measurement (CHCM) and by indirect calculation (MCHC).  The Advia® 
2120 compares CHCM and MCHC values to identify samples that may 
have hemolysis or lipemia (CHCMCE instrument flag) that invalidate 
RBC parameters.  Irregular flow through the RBC flow cell (indicated 
by RBCIFR instrument flag) can falsely decrease RBC cell count 
resulting in altered MCHC and a subsequent CHCMCE instrument 
flag. Experimental Design:  Advia® 2120 hemoglobin concentrations 
for CHCMCE flagged and CHCMCE/RBCIFR dual flagged analyses 
were compared to their respective subsequent repeat unflagged 
analyses.  Methods:  Historical cynomolgus, dog, rat, and mouse 
hematology data from the preceding two years were reviewed and 
CHCMCE flagged samples identified.  CHCMCE flagged samples were 
sorted by the presence or absence of a concurrent RBCIFR flag and 
whether the flags cleared upon reanalysis. For samples where the flags 
cleared upon reanalysis, hemoglobin concentrations from flagged 
and unflagged repeat samples were compared.  Results:  In CHCMCE/
RBCIFR dual flagged samples, hemoglobin measurements were similar 
between the first analysis and the subsequent unflagged analysis.  For 
CHCMCE samples that were not associated with concurrent RBCIFR 
flags, hemoglobin concentrations differed between runs.  Conclusions:  
Advia® 2120 hemoglobin measurement is unaffected when a CHCMCE 
flag is caused by irregular flow through the RBC flow cell.  Impact 
Statement:  In the non-clinical safety setting, Advia® 2120 hemoglobin 
concentrations may be valid in CHCMCE flagged hematology samples 
if the CHCMCE flag is secondary to irregular flow through the RBC flow 
cell.
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P026
Investigation of Concentration Dependence of Fructose Effects 
on Livers in SD Rats
Kaoru Toyoda, Keisuke Goda, Hirofumi Ouchi, Yusuke Suzuki, Akemi Takahashi, 
Yuzo Yasui, Yusuke Kemmochi, Akiko Anagawa-Nakamura, Taishi Shimazaki, 
Toshiyuki Shoda, Yoshifumi Miyakawa 
Central Pharmaceutical Research Institute, Japan Tobacco Inc., 
Kanagawa, Japan

Abstract

Introduction: Fructose intake has increased progressively in recent years 
in the U.S. and in several European countries. Excessive fructose intake 
may contribute to the increases in the rates of obesity and metabolic 
disorders. In experimental animal studies, giving a high fructose diet 
causes the development of features of metabolic syndrome in normal 
rats. In this study, we investigated the concentration dependence of 
the fructose effects on the liver in Sprague-Dawley (SD) rats. Materials & 
Methods: Five diets with different fructose content (0, 20, 40, 60 100% as 
a carbohydrate source) were given to male SD rats (6 weeks old, 5 rats 
per group) for 2 weeks. Measurement of the body weights and food 
consumption, clinical chemistry, urinalysis, necropsy, measurement 
of liver and kidney weights and histopathological evaluation were 
conducted. Results: High-fructose diets induced the following findings: 
100% fructose diet group: increases in AST and GLDH; >60% fructose 
diet groups: increases in liver weight, single cell necrosis of the 
hepatocytes, inflammatory cell infiltration and bile duct proliferation 
in the liver; >40% fructose diet groups: Macrovesicular fatty changes 
in the hepatocytes. Conclusion: Two-week high-fructose diet feeding 
to rats induced several histopathological findings in the liver with 
changes in hepatic function-related parameters and these changes 
were progressively worse with the increase in fructose content.

P027
Long-Term Toxicity of Doxorubicin (Dox) in Rats to Heart, Liver, 
Kidney, and Immune Organs
Tianxian Pei, Chuanmin Guo, Jinyue Guo, Chunyu Wang 
Tianjin Institute of Pharmaceutical Research, Tianjin, China

Abstract

Objective The study aimed to investigate the toxicity of DOX 
on rat heart, liver, kidney and immune organs during long-term 
exposure. Experimental Design 48 SD rats (24 males/24 females,4-6 
weeks), were randomly divided into 4 groups, including control group 
and dosing groups of DOX at 7.0, 14.0 and 28.0 mg.m-2, respectively. Rats 
were treated with either 5% glucose or DOX (i.v., once every 3 weeks) 
for 12 weeks. Methods ALT, BUN, CREA, CD3+, CD4+, CD8+, CD45RA+ 
in blood were determined. Heart, liver, kidney, thymus, spleen and 
mesenteric lymph nodes were examined for histopathology, weighed 
and organ coefficients were calculated (except mesenteric lymph 
nodes). Results  By comparison with control, the ALT , CREA and BUN 
increased significantly (DOX 14.0 , 28.0 ). Organ coefficient changed 
significantly: heart increased (DOX 14.0), liver increased ,thymus and 
spleen decreased(DOX  14.0 , 28.0 ), kidney increased(DOX 7.0, DOX 
14.0 , 28.0). CD3+, CD4+, CD8+ and D45RA+ decreased, while CD4+/
CD8+ increased significantly (DOX 14.0 ,28.0). Statistically significant 
histopathological changes: vacuolar degeneration and necrosis of 
cardiac myocytes (DOX 7.0, 14.0 , 28.0); vacuolar degeneration of 
hepatocytes (DOX 28.0, male rats); kidney pathological changes 
include glomerular vacuolation, basement membrane thickening, 
mesangial hyperplasia, crescent formation, tubular degeneration, 
necrosis, regeneration, dilation, casts and interstitial inflammatory 
infiltration. (DOX 14.0, 28.0), thymus, spleen and lymph node atrophy 
(DOX 14.0 , 28.0). Conclusion & Impact Statement Toxic effects of DOX 
(14.0, 28.0 mg.m-2) were found based on our observation on critical 
organ, providing valuable info of DOX in clinical treatment. 

P028
Distribution of Histologic Changes in Mouse NAFLD Models 
Corresponds with Human NAFLD Subtypes when Controlled by 
Genetics and Diet
Artem Shkumatov, Ingrid Rulifson, Amrita Das, Daniel Lin, Monica Florio 
Amgen, South San Francisco, CA, USA

Abstract

Introduction: Mechanisms of the hepatic lipid accumulation in the 
NAFLD mouse models are often unrelated to the underlying human 
NAFLD subtype, for which the treatment is sought. Here, we summarize 
histopathology data from several mouse NAFLD models and compare 
it with the histopathology of human NAFLD. Design and methods: 
Microscopic examination was performed on livers from the control 
mice fed the following diets: high fat (lard) diet, ALIOS diet (high 
fructose + trans fats), regular chow but expressing human PNPLA3-
I148M from AAV vector, and regular chow on an ob/ob background. 
Results: Mild to moderate steatosis was observed in the ob/ob model 
characterized by the presence of insulin resistance and high de novo 
lipogenesis and in mice on high lard diet. The lesion distribution 
observed resembled human adult NAFLD with mostly macrovesicular 
steatosis in Zone 3. The addition of fructose with trans fats led to strictly 
zonal microvesicular pattern in Zone 3 and macrovesicular pattern 
in Zone 1, which is often observed in pediatric NAFLD. Interestingly, 
the huPNPLA3 AAV I148M mouse model fed a regular chow diet had 
random distribution of steatosis, which is also often reported in human 
carriers of the huPNPLA3 I148M variant. Conclusion: NAFLD diets 
poorly resemble human diets producing severe steatosis in a short time, 
masking potential drug-related effects. However, lesion distribution in 
mouse models does correspond with human NAFLD subtypes when 
selected by genetics and diet. Impact statement: This emphasizes 
the importance of appropriate selection of mouse models for efficacy 
studies targeting different human NAFLD subtypes.

P029
Methemoglobinemia Induced by a Single Dose of General 
Pharmacy Drugs
Seunghyun Ko, Taechang Jang 
Deagu Catholic University, Medical Center, Daegu, Republic of Korea

Abstract

Methemoglobinemia is a condition caused by elevated level of 
methemoglobin(MetHb) which is oxidized and cannot bind to or 
carry oxygen. The cytochrome b5 MetHb reductase pathway and 
the nicotinamide adenine dinucleotide phosphate MetHb reductase 
pathway play a role in reducing MetHb to hemoglobin. The level of 
MetHb is generally less than 1%. Methemoglobinemia can be caused 
by hereditary methemoglobinemia, drugs (benzocaine, dapsone, 
trimethoprim ets.), local anesthetics, aniline dyes and compounds 
containing nitrates. We experienced a rare case of methemoglobinemia 
after regular dose of pharmacy drugs. A 49 year old female patient was 
presented with cyanosis and dyspnea 1hour and 30 minutes after 
taking medication at the pharmacy due to abdominal discomfort. 
She took single dose of Dihydroxydibutylether and a herbal medicine 
including various herbal ingredients. At presentation, her vital sign 
were stable. The initial SpO2, as determined by pulse oximeter, was 
84%. On the arterial blood gas analysis, the PaO2 was 94.4mmHg, the 
SaO2 was 97.6% and MetHb concentration was 48.5%. She also showed 
a blue cyanotic lip and hands. The patient was successfully treated 
with dextrose and oxygen because of shortage of methylene blue as a 
antidote. Methermoglobinemia is a rare but potentially fatal condition. 
We need to aware of this complication for early diagnosis, even with a 
single dose of general pharmacy drug.
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P030
3Rs Animal Welfare Concept: Evaluating Skin Mucus Vitellogenin 
in a Japanese Medaka Fish Sexual Development Test with 
17a-Ethinylestradiol (EE2)
Sibylle Groeters, Volker Strauss, Edward Salinas, Martina Braun, Sascha 
Pawlowski, Bennard van Ravenzwaay 
BASF SE, Ludwigshafen, Germany

Abstract

Introduction: Vitellogenin (VTG) induction in male fish is regarded as 
sensitive biomarker of exposure to estrogenic chemicals. Current OECD 
test guidelines (229, 234 and 240) recommend measuring VTG in organ 
homogenates of sacrificed fish. This study compares VTG measurements 
in skin mucous from living fish with guideline recommended 
procedures after exposure to a strong estrogen agonist. Experimental 
Design: Sixty freshly fertilized medaka (Oryzias latipes) eggs were 
divided between two replicates for the control and treatment group 
(0.1 µg/L EE2) and raised until 60d post-hatch following OECD TG 234. 
Measured parameters included: secondary sex characteristics (SSC), 
genotypic sex (dmy gene with PCR), VTG levels in skin mucus and head/
tail homogenate (ELISA) and histopathological evaluation. Results: All 
fish were phenotypically female (SSC, histopathology) in the EE2 
group whereas 33% were genetically male. VTG levels in both skin 
mucus and head/tail homogenate of female fish from either group 
were comparable and were several orders of magnitude higher than 
in control males. In control male fish VTG levels were less variable in 
mucus compared to head/tail samples allowing a smaller detectable 
VTG change with mucus. Impact Statement: VTG in skin mucus can 
be used as a non-destructive biomarker for interim measurements of 
living fish during a study, eliminating the need for additional animals 
and permitting more comprehensive histopathology at the end of a 
study. However, the VTG tissue sampling procedures should be further 
standardized to minimize variation and increase the power of this 
Parameter.

P031
Idiopathic Femoral Head Chondrolysis in Macaques Used in 
Nonclinical Research Studies
Shelley Beazley, Jesse Veenstra, Michelle Newell, Daniel Patrick 
Charles River Laboratories, Mattawan, MI, USA

Abstract

Introduction:  An apparent cluster of clinical cases of coxofemoral 
joint abnormalities in seven cynomolgus monkeys (Macaca fascicularis) 
during a 4-month span in 2016-2017 at a single-site CRO test facility 
prompted active efforts to identify pre-existing coxofemoral joint 
abnormalities.  Materials and Methods: Palpation/examination 
of the hindlimbs for coxofemoral joint range of motion, crepitus, 
flexion/extension, and muscle mass asymmetry were implemented 
for detection of joint abnormalities during receipt and pre-test 
evaluations.  Animals with abnormalities were followed by radiography, 
MRI, necropsy and/or histopathology. Retrospective compilation 
with evaluation of specific data endpoints collected from all affected 
monkeys was performed.  Results: The overall site incidence during 
a 32-month period was 0.70% with 65 affected cynomolgus and 2 
rhesus macaques. Approximately 58% were males and 42% were 
females, 64% were left side only, 28% were right side only, and 8% 
were bilateral.  Origins included China (64%), Vietnam/Cambodia 
(34%), and Mauritius (2%) with no apparent vendor or farm of origin 
predilection. Conclusions: There were no definitive trends based on 
collected data endpoints and the clinical, macroscopic and microscopic 
findings were considered to be consistent with idiopathic femoral 
head chondrolysis.  Impact Statement: An awareness of spontaneous 
idiopathic femoral head chondrolysis in macaques as a background 
finding is important in the proper separation of spontaneous and test 
article-related effects.  Additionally, early detection and screening for 
proper study placement (e.g. pharmacokinetic/toxicokinetic studies) 
will minimize study impacts.
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P032
Endocrine Disruption and Phospholipidosis Observed in 
Sprague-Dawley Rats Administered an Aryl δ-Sultam Inverse 
Agonist of RORγ
Steven Laing1, Karen Regan2, Robert Li1, Dong Lee3, Mike Reichelt1, Cleopatra 
Kozlowski1, Kui Lin1, James Crawford1  
1Genentech, South San Francisco, CA, USA. 2Regan Path/Tox Services, 
Ashland, OH, USA. 3Revolution Medicines, Redwood City, CA, USA

Abstract

Introduction: Small-molecule inverse agonists of retinoic acid receptor 
related orphan receptor gamma (RORγI) are potential therapeutics for 
IL-17 dependent diseases. We investigated the toxicity profile of an 
aryl δ-sultam RORγI, GDC-0022, in Sprague Dawley rats. Experimental 
design: GDC-0022 was administered at 0, 15, 45, and 150 mg/kg daily to 
10 animals/sex/group (6-weeks; GLP toxicity study) or 4-6 animals/sex/
group (4-weeks; investigative study). Methods: Standard endpoints 
were assessed in both studies. The investigative study also included 
electron microscopy of lung, and immunohistochemistry of the pituitary 
gland (anti-LH, -FSH, -ACTH, and -prolactin) and adrenal glands/testes/
ovaries (anti-androgen receptor (AR)). In vitro assays of RORγI effect 
on phospholipidosis (PLD), AR expression, and steroidogenesis were 
conducted. Results: Foamy macrophages with ultrastructural lamellar 
membranous inclusions were present in the lungs. Other microscopic 
findings included dose-dependent vacuolation of the adrenal cortex 
and interstitial cells of the ovary, and marked reduction of elongated 
spermatids in the testes. No changes in AR expression were noted in vivo 
and LH expressing cells were increased in the pituitary gland of high-
dose males. In vitro, GDC-0022 was PLD positive, attenuated androgen 
production in H295R cells, and minimally reduced AR expression, while 
a structurally distinct and equipotent RORγI did not show these effects. 
Conclusions: The aryl δ-sultam RORγI GDC-0022 caused endocrine 
disruption in Sprague Dawley rats that was considered an off-target 
effect. The potential relationship of PLD to endocrine disruption 
remains unclear. Impact Statement: Investigation of aryl δ-sultams as 
RORγI has been discontinued.

P033
Evaluation of Fluorescent Microscopy as a Tool to Differentiate 
Lipofuscin from Phospholipid in Retinal Pigmented Epithelium
Nagaraja Muniappa, Lisa LaFranco-Scheuch, Sairam Bellum, Donald Nelson, 
Natalie Keirstead 
Merck & Co., Inc., West Point, PA, USA

Abstract

Introduction: Accumulation of lipofuscin in retinal pigmented 
epithelium (RPE) is commonly associated with retinal degeneration. 
To understand whether accumulation of lipofuscin or phospholipid in 
RPE can be distinguished by fluorescent microscopy, and to determine 
the fluorescence spectra of lipofuscin and phospholipid, we injected 
netilmicin (an antibiotic known to produce phospholipidosis in RPE) 
intravitreally and evaluated the RPE using fluorescent and transmission 
electron microscopy (TEM). Experimental Design: Twelve Sprague-
Dawley rats received a single intravitreal dose of 150 mM sodium 
chloride (NaCl) to the left eye, and 500 μg of Netilmicin to the right 
eye. An additional six rats did not receive any test or control articles. For 
lipofuscin accumulation, eyes from aged, female rats (>24 months of 
age) were evaluated. Methods: Netilmicin or NaCl were administered 
intravitreally as a single-dose to rats followed by a 7-day treatment-
free period. At study termination, both eyes were collected from all 
rats (Davidson’s fixative for light microscopy, 4% paraformaldehyde for 
fluorescent microscopy, 1.0% formaldehyde + 1.25% glutaraldehyde 
fixative with calcium chloride for TEM). Results: The data demonstrated 
that lipofuscin pigment accumulated in the RPE of aged rats and 
experimentally induced phospholipid accumulation in the RPE of 
rats have similar autofluorescent characteristics. However, when 
evaluated by TEM the ultrastructural characteristics differ. Conclusion: 
Fluorescent microscopy cannot be used to differentiate lipofuscin from 
phospholipid accumulation in RPE. Impact Statement: Based upon 
our evaluation, TEM and not fluorescent microscopy is the definitive 
technique to differentiate phospholipidosis from lipofuscinosis in RPE.
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P034
Historical Lung Tumor Incidences of B6C3F1 Mouse from the 
National Toxicology Program
Karen Cimon1, Michelle McCrimmon1, Rodney Miller1, Keith Shockley2, 
David Malarkey3 
1Experimental Pathology Laboratories, Research Triangle Park, NC, USA. 
2Biostatistics and Computational Biology Branch, Division of Intramural 
Research, The National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, USA. 3Cellular and Molecular Pathology 
Branch, Division of the National Toxicology Program, National Institute of 
Environmental Health Sciences, Research Triangle Park, NC, USA

Abstract

Introduction/Objective: Workshop participants discussing available 
data and interpretation of results of chemically-induced mouse lung 
tumors and their relevance to human cancer risk asked if the incidence 
of spontaneous lung tumors has been increasing in the B6C3F1 mouse 
since the beginning of the National Toxicology Program (NTP) toxicity/
carcinogenicity studies.  The objective of this review was to tabulate 
the incidences of the most frequent neoplastic and hyperplastic 
lesions in control B6C3F1 mice in 2-year NTP studies. Experimental 
Design: Technical reports of chronic bioassays in the NTP historical 
database were reviewed for A/B adenoma, A/B carcinoma, and alveolus, 
bronchiole or bronchus hyperplasia.  Data was organized into six 
groups by technical report numbers. Total number of tumor-bearing 
control mice per group was divided by the total number of control 
mice per group, yielding an average group incidence expressed as a 
percentage of mice by tumor type.  Incidences of hyperplastic lesions 
were tabulated similarly.  Results:  Incidences of A/B adenoma (males, 
6.48% - 14.30%; females, 2.84 - 4.82%) and A/B carcinoma (males, 
3.03% - 9.76%; females, 1.16% - 3.28%) have increased gradually since 
1976.  Incidences of multiple tumors and hyperplastic lesions followed 
similar trends since the mid 1980s.  Conclusion:  There is no clear 
explanation for these increases.  Various factors such as housing, diet, 
body weight, survival, route of exposure, vehicle, diagnostic drift, and 
possibly genetic drift may have interacting effects.  Impact Statement:  
Further investigation is required to characterize potential factors 
contributing to the occurrence of proliferative lung lesions in control 
B6C3F1 mice.  

P035
Two-Week Toxicity Study of Humidifier Disinfectant, PHMG∙HCL 
by Whole Body Inhalation Exposure in Rats
Yong-Hoon Lee, Hyogeun Cha 
Pathology Department, Inhalation Toxicity Research Center, Occupational 
Safety and Health Research Institute, Daejeon, Republic of Korea

Abstract

Introduction: Polyhexamethylene guandine (PHMG) was widely 
used as a biocide in humidifier disinfectants in Korea. Epidemiological 
studies reported that PHMG∙P provokes pulmonary fibrosis in pregnant 
women and children, which causes their death. Because there is still 
a lack of information on the toxicity of PHMG∙HCl, another derivate 
of PHMG, this study aimed to characterize the toxicity of PHMG∙HCl 
in rats in 2-week repeated inhalation toxicity study. Experimental 
design and methods: Male and female F344 rats were exposed 
to 0, 1, 5, or 25 mg/m3 of PHMG∙HCl for 2 weeks via whole-body 
inhalation. Clinical signs, body weights, hematology, serum chemistry, 
organ weights, and gross and histopathological examination were 
conducted. Results: Emaciation and rale were observed in male and 
female 25 mg/m3 PHMG∙HCl-exposed group. Significant changes in 
hematology, serum chemistry and organ weight were observed in 
PHMG∙HCl-exposed groups. Gross lesion showed ballooning in lungs of 
rats in PHMG∙HCl-exposed groups. In histoopathological examination, 
atrophy/regeneration to squamous metaplasia of respiratory/
transitional epithelium and atrophy of olfactory epithelium in nasal 
cavity, atrophy/regeneration to squamous metaplasia of epithelium 
in trachea, inflammation and squamous metaplasia in larynx, fibrosis, 
necrosis with inflammation, inflammatory cell infiltration, detachment 
of bronchial/bronchiolar epithelium, bronchiolar-alveolar hyperplasia, 
squamous metaplasia, alveolar emphysema, and hemorrhage in lung 
were observed in PHMG∙HCl-exposed groups. Conclusion: PHMG∙HCl 
causes a variety of inflammations and nonneoplastic proliferative 
lesions in the nasal cavity, larynx, trachea, or lung of rats in PHMG∙HCl-
exposed groups. Impact statement: Based on our results, this 
experiment will provide information on histopathologic characteristics 
and dose selection for long term toxicity study.
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P036
Biochemical and Hematologic Changes in 28-Day Sprague-
Dawley Rat Studies of Seven Perfluorinated Substances (PFAS)
Michelle Cora1, Dzierlenga Anika1, Kyathanahalli Janardhan2, Ron Herbert1, 
Chad Blystone1  
1National Toxicology Program, National Institute of Environmental Health 
Sciences, Research Triangle Park, NC, USA. 2Integrated Laboratory Systems, 
Research Triangle Park, NC, USA

Abstract

Introduction: Perfluorinated substances (PFAS) are used to make 
products more resistant to stains, grease and water, among other 
uses. PFAS persist in soil, water, living tissue and some bioaccumulate. 
Objective: Seven PFAS were evaluated in a class comparison study 
to understand the relative toxicity of specific PFAS in relation to 
functional group and chain length. Experimental Design and 
Methods: Perfluorobutane sulfonic acid, perfluorohexane sulfonic 
acid salt (PFHxSK), perfluorooctanesulfonic acid, perfluorohexanoic 
acid (PFHxA), perfluorooctanoic acid, perfluorononanoic acid (PFNA), 
perfluorodecanoic acid (PFDA) or PPARaagonist Wyeth-14,643 were 
administered by oral gavage to male and female Sprague Dawley 
rats for 28-days. At study termination, clinical chemistry, hematology, 
thyroid hormones and complete histopathology were evaluated. 
PPARα and CAR receptor activation was assessed by measuring Cyp2b1, 
Cyp2b2, Acox1, and Cyp4a1 gene expression. Results: In general, 
findings included increased liver enzyme activities; increased bilirubin 
and bile acids; and decreased globulins, cholesterol and triglycerides. 
Histopathologic changes included hepatocyte hypertrophy and 
necrosis, and bone marrow hypocellularity. Liver-related pathologic 
effects were lowest in PFHxSK and most severe in PFNA and PFDA, 
and mirrored increases in expression of PPARα probe genes. In PFHxA, 
a profound dose-dependent regenerative decrease in the erythron 
(regenerative anemia) was observed. In most PFAS, total T4 and T3 
were decreased without compensatory increase in thyroid stimulating 
hormone. Conclusion: Overall, clinical pathologic and histopathologic 
findings increased in severity with chain length, and were more severe 
in males than females. Impact Statement: These studies provide data 
for the comparison of several members of PFAS class.

P037
Disease Sensitive and Resistant Mouse Strains Identified in a 
Mouse Aging Study
Keith Shockley1, Ron Herbert1, Kyathanahalli Janardhan2, Arun Pandiri1, Molly 
Vallant1, Bruce Merrick1, June Dunnick1  
1National Institute of Environmental Health Sciences, Research Triangle Park, 
NC, USA. 2Integrated Laboratory Systems, Inc., Morrisville, NC, USA

Abstract

Introduction: Genetic variability is an important factor in age-related 
development of disease. The NIEHS/NTP has conducted a multistrain 

“Mouse Aging Study” to examine genetic diversity as a variable for 
development of non-neoplastic and neoplastic diseases (lesions). 
Experimental Design: Ten mouse strains representing ~ 90% of 
genetic diversity in laboratory mice were selected for this study. The 
mice were held for up to two years without exposure to a chemical 
substance. Methods: Mice were fed NIH-2000 diet and tap water ad 
libitum. Male mice were housed individually; female mice were housed 
five per cage. Results: Preliminary evaluations indicate that there 
is a strain dependent susceptibility for neoplasms of the liver, lung, 
uterus, ovary, mammary tissue, skeletal muscle, and lymphoid organs. 
The incidence of neoplastic lesions ranged from 10% - 87% in the 10 
mouse strains at 2 years of age (corresponding to about 70 human 
years). The data from this study complements information in the 
Jackson Laboratory’s Mouse Phenome Database and the Mouse Tumor 
Biology Database. Conclusion: Safety assessments based on only a few 
animal strains with limited genetic diversity do not fully capture the 
range of variations in disease susceptibility to environmental hazards 
and drugs. Impact: Data on background disease susceptibility from 
this study will permit more appropriate selection of mouse strains 
for toxicity and carcinogenicity studies and identification of mouse 
models to characterize diseases associated with aging. This study 
can also contribute information that may be useful for identifying 
genetic variants that influence susceptibility or resistance to disease 
development. 
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P038
Characterization of the Effects of Sham Dosing on Selected 
Parameters in Cynomolgus Monkeys
Angela Wilcox1, John Vahle2, Deanna Newcomb1, Jamie Blackbourne2 
1Charles River Laboratories, Inc., Reno, NV, USA. 2Eli Lilly and Company, 
Indianapolis, IN, USA

Abstract

Introduction: For biotherapeutics development, there is need to 
add nonstandard parameters to toxicity studies to characterize 
pharmacology and/or toxicity. Limited data are available on inter-
animal variability of these parameters in cynomolgus monkeys and 
on the potential effects of stress induced by handling and repeated 
phlebotomy. We conducted a time course evaluation of various 
parameters that models animal handling/phlebotomy encountered in 
a standard toxicity study. Experimental Design: Blood was collected 
at multiple time points from 9 male and 8 female Chinese cynomolgus 
monkeys for evaluation of hematology, coagulation, clinical chemistry, 
and urinalysis parameters, and non-standard parameters that included 
CRP, SAA, haptoglobin, D-dimer, PFA-100, cytokines, and complement. 
Animals were monitored for clinical observations, body weight, and 
food consumption, and released to the Testing Facility Colony on Study 
Day 29. Methods: Animals were administered citrate buffer on Day 1 
via subcutaneous injection and on Day 22 via intravenous injection. 
Results: There were no procedural or citrate buffer-related clinical 
signs nor effects on body weight or food consumption. Hematologic 
evaluation identified a stress leukogram and decreased red blood 
cell mass attributed to repeated phlebotomy. There were no effects 
for coagulation or PFA-100 values. For clinical chemistry, there was 
procedure-related skeletal muscle enzyme release and increases 
in CRP, SAA, and haptoglobin concentrations. For cytokines, 6 of 17 
animals had detectable concentrations of MCP-1. Changes were noted 
for complement split products and CH50. Conclusion: The animal 
handling/phlebotomy time points and the citrate buffer injections 
did not result in any clinical observations or changes in body weights 
or food consumption. Patterns in clinical pathology parameters were 
identified and biologic variability was observed. Measurable MCP1 
concentrations and changes for complement split product levels and 
CH50 occurred. Impact statement: Awareness of potential procedure-
related effects on clinical pathology, cytokine, and complement 
parameters is important for accurate interpretation of drug-related 
effects.

P039
Postdoctoral and Undergraduate Training Programs in 
Toxicologic Pathology at the NTP
David Malarkey1, Cynthia Willson2, Susan Elmore1, Gregory Travlos1, Ron 
Herbert1, Arun Pandiri1, Michelle Cora1, Amy Brix3, Mark Cesta1, Kyathanahalli 
Janardhan2, Ramesh Kovi3, Robert Sills1  
1NIEHS, Research Triangle Park, NC, USA. 2ILS, Durham, NC, USA. 3EPL, 
Durham, NC, USA

Abstract

The NIEHS Cellular and Molecular Pathology Branch (CMPB) laboratories 
have a long history of training graduate, predoctoral and postdoctoral 
fellows, as well as hosting students, international fellows, and guest 
researchers in toxicologic pathology and environmental research.

Since formalizing the training program in toxicological pathology 
in 2003, Dr. Malarkey and other CMPB staff have mentored 18 post-
doctoral fellows, over 70 veterinary student externs, and 10 visiting 
scientists.

The training programs are designed to introduce students, post-
doctoral fellows, and visiting scientists to the field and career 
opportunities in veterinary and toxicological pathology, and to the NTP 
goals and projects, while providing hands-on research often leading to 
poster-presentations, abstracts and/or publications.

Post-doctoral fellows learn rodent and toxicological pathology, 
participate in National Toxicology Program (NTP) and other NIEHS 
Division of Intramural Research (DIR) projects, and have the opportunity 
to pursue a Ph.D. from either North Carolina State University (NCSU) 
College of Veterinary Medicine or University of North Carolina-Chapel 
Hill or other schools by arrangement.

We currently have a partnership with NCSU, in which our trainees 
receive 1-on-1 teaching at NCSU, and NCSU trainees, in turn, receive 
training at NTP and can arrange for pursuit of a Ph.D. with the graduate 
school.

Trainees continue education towards achievement of board certification 
by the American College of Veterinary Pathologists (ACVP), in veterinary 
anatomic or clinical pathology, and some also achieve certification by 
the American Board of Toxicology (ABT).
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P040
Access to National Toxicology Program Histopathology 
Lesion Collection in Chemical Effects in Biological Systems 
(CEBS) Database
Bhawana Bariar1, Isabel Lea1, Ying Liu1, Cari Martini1, Jennifer Fostel2 
1ASRC Federal, Research Triangle Park, NC, USA. 2NIEHS, National Toxicology 
Program, Research Triangle Park, NC, USA

Abstract

Introduction: Since 2008, the Chemical Effects in Biological Systems 
(CEBS) database, (https://manticore.niehs.nih.gov/cebssearch/) has 
been the repository for National Toxicology Program (NTP) toxicology 
testing data, providing a public resource for searching and mining 
data. CEBS includes a large repository of pathology data; our objective 
was to increase accessibility to these data. Methods: Over 700 two-
year and 13-week carcinogenicity rodent studies were identified in 
CEBS and a collection of unique lesions generated. Statistical analysis 
(trend and pairwise tests) of lesion incidence data were performed and 
used to annotate the lesion collection. Results: A Pathology Lesion 
Collection of over 600 neoplastic and non-neoplastic findings was 
created for NTP studies spanning 35 years. The collection contained 
lesions with a statistically significant difference (P<0.05) in incidence 
between the exposed and control animals as well as lesions with no 
statistical significance. Lesions with statistical significance were flagged 
in the Data Collection. These data were made available through CEBS 
from the NTP Data Collections tool (https://manticore.niehs.nih.gov/
datasets) that allows users to search, filter, download and compare 
results for different test articles. Conclusion: Pathology data from the 
NTP toxicological testing program describe the toxicologic effects 
of exposure to test articles. To promote review of these data, an NTP 
Lesion Collection has been created to facilitate cross study access 
to information such as organ name, lesion morphology, statistical 
significance and study metadata. Impact Statement: Reviewing data 
for multiple studies as a single, filterable data collection promotes 
insight and informs decisions.

P041
Critical Windows for Feed Adjustment in Developmental and 
Reproductive Toxicology (DART) Studies: A Case Study
Pragati Coder1, Catherine Picut2, Brent Walling1, Regina Parker2 
1Charles River Laboratories, Ashland, OH, USA. 2Charles River Laboratories, 
Durham, NC, USA

Abstract

Introduction/Objectives: Administration of test substances in the 
feed at constant concentrations (ppm) is an acceptable way to dose 
rats. In multi-generational studies, changes in nutritional demand 
during various life stages can affect food consumption and the 
consumed dose. Experimental Design/Methods:  In this case study, 
rats were administered test substance at constant concentration for at 
least 10 weeks through lactation (for F0  animals) and administration 
continued at the same concentration from post-natal day (PND) 21 
(weaning) through PND 91 for F1 rats. In a parallel study with the same 
test substance, feed concentration was adjusted during gestational, 
lactational, and weanling stages based on historical data for food 
consumption and body weight gains. Pathology endpoints from these 
two studies were compared.  Results: In the constant concentration 
studies, the consumed dose exceeded the target dose during gestation 
(by approx. 6%), lactation (by approx. 95%), and the first post-weaning 
week (PND 21-28; by approx 130%) resulting in notable microscopic 
findings. In the adjusted concentration study, the consumed dose 
was comparable to the target dose through all life stages and no 
microscopic findings ensued. Conclusion: In DART studies, adjustment 
of test substance concentration in the feed is important not only during 
lactation, but also during the weanling stage.  Impact Statement: 
Adjustment of test substance concentrations in the feed on multi-
generational DART studies with multiple life stages is recommended to 
avoid over-dosing of dams and pups, at doses far in excess of the target 
dose.

P042
Poster Withdrawn
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P043
Intramuscular and Subcutaneous Injections in Research Swine: 
A Comparison of Injection Site Characteristics Based on Needle 
Length and Anatomic Location
Michelle Magagna1,2, Sandrena Hall2, Jesse Veenstra2, Keith Nelson2 
1Michigan State University Veterinary Diagnostic Laboratory, Lansing, MI, 
USA. 2Charles Rivers Mattawan, Mattawan, MI, USA

Abstract

Introduction: Pigs are an important model that are increasingly used 
in toxicology studies. Significant size variation between breeds can 
complicate injectable test article administration. To ensure accurate 
dosing, variables such as needle length and injection site location 
should be considered in the context of pig breed and size. Experimental 
design/Methods: Eight pigs representing 3 commonly used breeds 
(Göttingen and Yucatan minipigs, and Yorkshire cross domestic swine) 
were humanely euthanized and injected intramuscularly (IM) and 
subcutaneously (SC) with 2 mL of colored tissue dye. IM injections in 
the cervical and hindlimb musculature used three needle lengths (0.75, 
1, and 1.5 inch). SC injections in the axillary and inguinal regions used 
two needle lengths (0.75 and 1 inch). Average animal weights were 20 
kg (Göttingen), 56 kg (Yucatan), and 45 kg (Yorkshire). Results: In all 
breeds, needles ≤1 inch deposited injecta in the appropriate hindlimb 
musculature. In Göttingens and Yorkshires, hindlimb IM injections using 
1.5 inch needles were consistently deposited near the femur, outside 
the targeted muscles. In Yucatans, cervical intramuscular injections 
using 0.75 inch needles were consistently deposited in the subcutis. 
In all breeds, SC injection site characteristics did not vary significantly 
between anatomic locations or needle lengths. Conclusion: Shorter 
needle lengths (≤1 inch) are appropriate for hindlimb IM injections in all 
examined pig breeds. Cervical IM injections in Yucatans require needle 
lengths ≥1 inch. Impact statement: Needle length and anatomic site 
of injection need to be considered in a breed-specific context to ensure 
that test article is delivered appropriately.

P044
A Case of Angiomyomatous Hamartoma in the Mediastinal 
Lymph Nodes of a Beagle Dog
Sophie Nelissen, Sameh Youssef, Ronnie Chamanza 
Janssen Pharmaceutica, Beerse, Belgium

Abstract

Introduction: Angiomyomatous hamartoma is a rare nonneoplastic 
vascular lesion of lymph nodes that had, until now, only been described 
in man. It was recently reported in the nonhuman primate, but to the 
best of our knowledge has not been described in the dog. Purpose/
objectives: In order to describe, characterize and document this lesion in 
this species, we investigated a similar lesion observed in the mediastinal 
lymph nodes of a young female Beagle dog in a one-month toxicity 
study. Methods: Following a full necropsy examination, the tissue 
was routinely processed and examined histopathologically. Results: 
Macroscopically, enlargement and discoloration of the mediastinal 
lymph nodes were observed, while microscopic examination revealed 
extensive intranodal proliferation of irregular, dilated, blood or fluid-
filled vascular channels that replaced and distorted parts of the 
lymph node parenchyma. Higher magnification showed normal, well-
differentiated vascular components lined by endothelial cells, with 
rare to no evidence of mitoses and atypia. Interspaced between the 
vascular channels were abundant bundles of smooth muscle cells. The 
differential diagnosis was challenging, and included lymphangioma, 
hemangioma, angiomatous hyperplasia and hemangiosarcoma. 
Conclusion: However, considering the age of the dog, the absence of 
a well-circumscribed lesion (hemangioma/lymphangioma) or features 
of malignancy (hemangiosarcoma), the diagnosis of angiomyomatous 
hamartoma was made. Impact statement: This is the first report of this 
lesion in dogs, and such rare spontaneous findings should be reported 
and documented to help distinguish them from compound-induced 
effects. In addition, they have to be appropriately captured in the 
development of the non-rodent standardized system of nomenclature 
(INHAND).  
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P045
INHAND: International Harmonization of Nomenclature and 
Diagnostic Criteria for Lesions—An Update—2019
Ronald Herbert1, Beth Mahler1, Alys Bradley2, Dawn Goodman3, Takanori 
Harada4, Shim-mo Hayashi5, Hijiri Iwata6, Matt Jacobsen7, Charlotte Keenan8, 
Rupert Kellner9, Emily Meseck10, Thomas Nolte11, Susanne Rittinghausen9, 
Christine Ruehl-Fehlert12, John Vahle13, Katsuhiko Yoshizawa14 
1NIEHS, Research Triangle Park, NC, USA. 2Charles River Laboratories, 
Tranent, Scotland, United Kingdom. 3Independent Consultant, Potomac, MD, 
USA. 4The Institute of Environmental Toxicology, Joso-shi, Ibaraki, Japan. 
5San-Ei Gen F.F.I, Inc, Osaka, Japan. 6LunaPath LLC, Laboratory of Toxicologic 
Pathology, Shizuoka, Japan. 7AstraZeneca, Macclesfield, United Kingdom. 
8CM Keenan ToxPath Consulting, Doylestown, PA, USA. 9Fraunhofer ITEM, 
Hannover, Germany. 10Novartis Institute for Biomedical Research, East 
Hanover, NJ, USA. 11Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach 
an der Riss, Germany. 12Bayer Schering Pharma AG, Wuppertal, Germany. 
13Eli Lilly & Company, Indianapolis, IN, USA. 14Mukogawa Women’s University, 
Hyogo, Japan

Abstract

The INHAND Proposal (International Harmonization of Nomenclature 
and Diagnostic Criteria for Lesions in Rats and Mice) has been 
operational since 2005. A Global Editorial Steering Committee (GESC) 
helps coordinate overall objectives of the project. Development 
of harmonized terminology for each rodent organ system or non-
rodent species is the responsibility of the Organ Working Groups 
(OWG) or Non-rodent Working Groups (NRWG) respectively, drawing 
upon experts from North America, Europe and Japan. Great progress 
has been made with 14 rodent organ systems published to date – 
Respiratory, Hepatobiliary, Urinary, Central/Peripheral Nervous Systems, 
Male Reproductive and Mammary, Zymbals, Clitoral and Preputial 
Glands in Toxicologic Pathology and the Integument and Soft Tissue, 
Female Reproductive System, Digestive System, Cardiovascular System, 
Skeletal System, Special Senses and Endocrine System in the Journal 
of Toxicologic Pathology as supplements and on a web site – www.
goReni.org. Recommendations of the Apoptosis/Necrosis Working 
Group have been published. The rodent Hematolymphoid System is in 
preparation for publication in Toxicologic Pathology. There are 5 non-
rodent working groups – non-human primate, dog, minipig, rabbit and 
fish – with draft manuscripts in progress. A new group has been formed 
to address terminology in non-rodent ocular toxicity studies. INHAND 
guides offer terminology, diagnostic criteria, differential diagnoses 
and guidelines for recording lesions in toxicity and carcinogenicity 
studies. The guides provide representative photo-micrographs of 
morphologic changes, information regarding pathogenesis, and 
key references. INHAND GESC representatives attend meetings with 
representatives of FDA Center for Drug Evaluation and Research (CDER), 
Clinical Data Interchange Standards Consortium (CDISC), and National 
Cancer Institute (NCI) Enterprise Vocabulary Services (EVS) to assist 
with incorporating INHAND terminology as preferred terminology for 
SEND (Standard for Exchange of Nonclinical Data) submissions to the 
FDA. Interest in INHAND nomenclature, based on input from industry 
and government scientists, is encouraging wide acceptance of this 
nomenclature.

P046
Direct Formalin Fixation Induces Transcriptional Effects on 
Metabolic Pathways in Archival Tissue Samples
Leah Wehmas1, Charles Wood1,2, Susan Hester1  
1US EPA, Durham, NC, USA. 2Boehringer Ingelheim, Ridgefield, CT, USA

Abstract

Introduction: Retrospective analysis of archived tissue samples can 
provide important mechanistic information related to chemical or 
drug targets but is limited by fixation-induced artifacts. The goal of 
this study was to characterize transcriptomic effects caused by direct 
formalin fixation. Experimental Design: Livers from mice treated with 
phenobarbital (PB) or vehicle control were processed as follows: (1) fresh-
frozen (FR); (2) directly fixed in 10% buffered formalin for 18 hours and 
processed to FFPE block (FIX); and (3) processed as for FIX but initially 
frozen (FR>FIX) (n=6/group/condition). Methods: Ribo-depleted total 
RNA libraries (Tru-Seq) were sequenced using standard methods. Reads 
were aligned with STAR (2.4) and analyzed in Partek Flow (6.0). Results: 
Direct fixation resulted in 2946 differentially expressed genes (DEGs) 
vs. FR. Almost 98% of these DEGs were downregulated. The top-ranked 
canonical pathways were mitochondrial dysfunction and oxidative 
phosphorylation. Freezing before fixation mitigated this response 
(95% reduction in DEGs vs. FIX, with no significant effect on metabolic 
pathways), indicating that formalin effects occurred at/near time of 
cell death. However, direct fixation had minimal effects on response to 
PB, which induced a clear CAR/PXR target signal in FR, FIX, and FR>FIX 
groups. Conclusions: Direct formalin fixation induces widespread 
downregulation of transcripts related specifically to cell metabolism. 
While this shift did not confound measurement of target genes 
following chemical treatment, it may have important implications for 
survey studies of FFPE samples lacking defined control groups. Impact: 
This work should help advance retrospective mechanistic studies in 
FFPE samples. This abstract does not reflect EPA policy.
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P047
Inclusion of Multiple Aquarium Model Fish Enhances Research 
and Interaction
Melissa Chernick1, Richard Di Giulio1, Heather Stapleton1, Wu Dong1,2, Melissa 
Chernick1, Jingli Mu1,3, Mei Zhu1, Jessica Brandt1, Jordan Kozal1, Andrey 
Massarsky1, Rafael Trevisan1, Casey Lindberg1  
1Duke University, Durham, NC, USA. 2Inner Mongolia University for 
Nationalities, Tongliao, China. 3National Marine Environmental Monitoring 
Center, Dalian, China

Abstract

With upwards of 25,000 species of fishes in this taxon, we have found it 
prudent to include up to four aquarium model fishes in our Ecotoxicology 
and Environmental Health Program for graduate training and research. 
Colonies of zebrafish (Danio rerio) and medaka (Oryzias latipes) provide 
genomic support for studies ranging from molecular biology to animal 
level phenomena. These include the opportunity to determine effects 
on metabolic and physiological properties (swimming performance) in 
juveniles and adults that were exposed as early life stages. Studies with 
transparent, Quintet line of medaka are enabling early life exposure and 
in vivo assessment of alteration informing initial onset of lesions and 
defining planes of section for subsequent histopathology. Adult killifish 
(Fundulus heteroclitus), captured from various sites in the Elizabeth River 
of Virginia, USA and brought to our facility for maintenance and breeding 
enable various experiments to determine later life consequences of 
early life exposures; and, pollution-driven evolution. This model tightly 
weaves genomic support with precise environmental relevance. Use 
of the fathead minnow (Pimephales promelas) provides opportunity to 
compare toxicity with various U.S. Environmental Protection Agency 
databases developed over years of effort. Facilities for multiple species 
will be described and multiple investigator use of exposure rooms will 
be illustrated. Selected manuscripts and ongoing studies will illustrate 
interaction across various species.

P048
Increasing Throughput and Efficiency in Embryo Embedment for 
Sectioning Using Histological Chips
Melissa Chernick, Charles Moore, David Hinton 
Duke University, Durham, NC, USA

Abstract

Laboratory fish models are a useful tool for aquatic toxicology and 
toxicity testing. Sub-lethal, developmental alterations may occur in 
early life stages that are relevant to older life stages. To date, histological 
methods for examining is inefficient, time consuming, and has low 
throughput. The objective of this project was to modify and advance 
the paraffin-embedding technique first proposed by Cheung et al. 
(2012) to address these problems. Refinement included steps to embed 
fixed embryos within an agarose medium and remove air bubbles. Also, 
issues such as differing orientations, different depths, and embedding 
media infiltration problems were addressed. This allowed up to 25 
chorionated embryos to be embedded in a 1 cm2 agarose chip for 
histologic sectioning. Resolution of depth and orientation allowed for 
comparison of analogous structures of different individuals on the same 
slide. The final results produced a clear, reproducible methodology that 
is cost effective and increases sectioning efficiency and throughput for 
fish embryos.

P049
Consistency in Morphologic Characteristics of Endometrial 
Stromal Polyp Subtypes in the Rat
Daven Jackson-Humbles1, Erin Quist2, Karen Cimon2, Lauren Shelby3, Mark 
Cesta1, Norris Flagler1, Gabrielle Willson2, Ron Herbert1, Darlene Dixon4 
1Cellular and Molecular Pathology Branch, National Toxicology Program, 
National Institute of Environmental Health Sciences, Research Triangle Park, 
NC, USA. 2Experimental Pathology Laboratories, Inc., Research Triangle 
Park, NC, USA. 3College of Veterinary Medicine, Kansas State University, 
Manhattan, KS, USA. 4NTP Laboratory, National Toxicology Program, 
National Institute of Environmental Health Sciences, Research Triangle 
Park, NC, USA

Abstract

Introduction: Criteria established by the International Harmonization 
of Nomenclature and Diagnostic Criteria (INHAND) classifies 
endometrial polyps into two subtypes: “polyp, glandular” and “polyp, 
endometrial stromal.” We identified three distinct polyp subtypes: 
glandular,  stromal, and cystic stromal (a previously uncharacterized 
subtype). Objectives: 1) Determine if the morphology of each subtype 
remains consistent throughout all levels of the polyp and 2) determine 
if polyp subtype may indicate biological behavior. Experimental 
Design: Rat uterine polyp samples (47) obtained from the NTP Archives 
were categorized as follows: polyp, glandular (13), polyp, stromal (24), 
and polyp, cystic stromal (10). Step sections (5 µm) were obtained 
every 100 µm to a total depth of 200 µm. H&E sections from each 
level were used to evaluate consistency of polyp morphology and 
for morphometric analysis. Proliferation activity was assessed by Ki-
67 immunohistochemical staining. Results: Histologic examination 
of the original and step sections of the polyps confirmed consistent 
morphology at varying depths for each subtype. Morphometric 
analysis determined that the glandular subtype contained more glands 
(mean = 220.1) than stromal (mean = 60.9) or cystic stromal (mean 
= 71.1) subtypes. Mean total area (mm2) of the stromal subtype was 
larger (35) than cystic stromal (27.7) or glandular (25.2) subtypes. For all 
polyp subtypes, immunohistochemical staining for Ki-67 was positive 
in the glandular epithelium and stromal cells. Analysis of differential 
proliferation indices between subtypes is ongoing. Impact Statement: 
These findings, as well as, gene expression analyses may provide 
additional insights into potential differences in biological behavior of 
these polyp subtypes.
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P050
Three-Dimensional Human Uterine Fibroid Cell Culture for 
Exploring Molecular Mechanisms of Fibrosis and Nongenomic 
Signaling by Environmental Estrogens
Lysandra Castro, Jingli Liu, Linda Yu, Yitang Yan, Natasha Clayton, Heather 
Jensen, Darlene Dixon 
NIEHS, Durham, NC, USA

Abstract

Introduction: Three-dimensional (3D) culture systems (spheroids; 
organoids) have become increasingly valuable tools in predictive 
toxicology research and mechanistic studies. Uterine leiomyomas 
(fibroids) are benign tumors that arise from smooth muscle cells of 
the myometrium and can become progressively fibrotic in women. 
Studies have shown that endocrine disrupting chemicals (EDCs) or 
environmental estrogens, such as bisphenol A (BPA) and its analogues 
and derivatives can play a role in fibrosis. Also, BPA can activate 
signaling pathways involved in the induction of fibrosis. Experimental 
Design: Spheroids were developed using human normal uterine 
smooth muscle cells (UtSMC; ht-UtSMC) and uterine leiomyoma (UtLM; 
ht-UtLM) cells and assesed to evaluate their histomorhpholgy under 3D 
conditions. Methods: Spheroids were cultured using 96-well ultra-low 
attachment plates and mesenchymal stem cell growth medium, and 
collected at day 7. Samples were fixed in 10% neutral buffered formalin, 
placed in 1 % agarose, and embedded in paraffin.  Hematoxylin and 
Eosin (H&E) and Masson’s Trichrome stains were used to visualize cellular 
structures and collagen deposition, respectively. Results: H&E stained 
UtLM; ht-UtLM cells were spindled with a whorled pattern of muscle 
bundles forming spheroids. This pattern was less evident in the UtSMC 
and ht-UtSMC spheroids. Trichrome staining showed slightly more 
collagen deposition in the UtLM/ht-UtLM than in the UtSMC/ht-UtSMC 
spheroids. Conclusion: UtLM, ht-UtLM, UtSMC and Ht-UtSMC cells 
can grow as viable spheroids. Impact Statement:The development 
of fibroid spheroids may serve as a model for studying the molecular 
mechanisms of fibrosis and nongenomic signaling induced by EDCs.

P051
Standardization of Tissue Fixation Protocols for 
Molecular Studies
Ahmed Mashal, Ramesh Kovi, Kyathanhalli Janardhan, Ronald Herbert, 
Natasha Clayton, Robert Sills, Arun Pandiri 
NIEHS, Durham, NC, USA

Abstract

Introduction: The use of archival formalin-fixed paraffin embedded 
(FFPE) tissues for molecular studies remains a challenge. We attempted 
to optimize tissue fixation protocols to preserve the morphology as 
well as the DNA quality for molecular studies. Experimental Design 
and Methods: Rat livers were processed to prepare FFPE, ethanol-fixed 
paraffin-embedded (EFPE), and dual-fixed paraffin-embedded (DFPE) 
tissue blocks. FFPE and EFPE livers were fixed for 1, 2, 3, 5, 15, and 30 
days. DFPE livers were formalin-fixed for 2 days then transferred into 
70% ethanol for 7, 15, 21 and 30 days. Nucleospin®Tissue XS Kit was used 
to isolate the DNA and Agilent TapeStation 4200®and Qubit 2.0 were 
used to measure the DNA quality and quantity, respectively. Results: No 
significant difference in DNA quality was observed in tissues fixed for 
3 days or less. However, the DNA concentrations were lower in FFPE 
tissues fixed for more than 1 day compared to EFPE tissues. EFPE and 
DFPE liver tissues had significantly higher DNA quality and quantity 
than FFPE tissues fixed for >5 days. After 30 days of fixation, FFPE 
tissues seem to retain better morphology than DFPE tissues, followed 
by EFPE tissues. Conclusion: DFPE is an optimal fixation method, 
especially when both the morphology and DNA quality are considered. 
Similar parameters are being evaluated on other tissues such as lung, 
kidney, brain, intestine, spleen, and uterus. Impact statement: For liver, 
DFPE appears to be the most optimal method when both the tissue 
morphology and DNA quality are important.

P052
Mechanisms of Cell Death in Respiratory Syncytial Virus-Infected 
Macrophages
Lori Bedient 
Washington State University, Pullman, WA, USA

Abstract

Introduction: Respiratory Syncytial Virus (RSV) is a common cause of 
viral pneumonia in infants and immunocompromised people and has 
no vaccine or effective antiviral treatment. Severe pulmonary damage 
occurs from cell death leading to exaggerated inflammation. The role 
of necroptosis in conjunction with pyroptosis in RSV-induced cellular 
death in macrophages has not been described. Experimental design:  
Differentiated THP-1 human monocyte cells were infected with RSV in 
the presence of multiple necroptosis and pyroptosis inhibitors. Cells 
were treated in triplicate 24-well plate wells at 1.0 MOI.  Methods: 
Cellular death was evaluated at 8 hours post infection using a lactate 
dehydrogenase (LDH) assay. Results: A statistically significant 
reduction in LDH release was demonstrated in the Caspase-1 inhibitor-
treated group but not in the group treated with the necroptosis 
inhibitor necrostatin. Conclusion: The Caspase-1 inhibitor treatment 
group results are consistent with the known role of the inflammasome 
(a complex involved in inflammatory response induction) and 
pyroptosis in RSV-infected macrophages, however necrostatin’s 
specificity for the RIPK1 molecule does not exclude the potential roles 
of RIPK3 and MLKL, two other necroptosis pathway molecules, in cell 
death induction.  Impact statement: Future studies will utilize these 
inhibitors and RIPK3 and MLKL-specific inhibitors in A549 alveolar 
epithelial cells, which are more permissive to viral entry and replication, 
less resistant to cell death and more physiologically relevant to natural 
RSV infection. The result of this research may provide a framework for 
the development of targeted, novel therapeutics for RSV infection.



STP 38th Annual Symposium 

32 Download the 2019 Annual Meeting App for up-to-date information.Poster Index

P053
Development of a New Class of Inhibitors of Amyloid-β 
Aggregation
Jessica Fortin 
Pathology and Diagnostic Investigation, College of Veterinary Medicine, 
Michigan State University, East Lansing, MI, USA

Abstract

Introduction: Alzheimer’s disease (AD) is associated with 
amyloid formation and accumulation in the brain contributing to 
neurodegeneration. To date, there are no good mitigation strategies 
that stop or slow AD progression. Novel therapeutic approaches 
applicable at different stages of AD amyloid formation are direly 
needed. Objectives: The long-term goal of this research is to establish 
effective treatment strategy for AD. Our overall objective is to develop 
and validate a new proprietary class of anti-amyloidogenic molecules 
to impede the formation of Aβ toxic oligomers. The specific aims of 
our research are 1) to provide a relevant library of small molecules, 2) 
to identify the key chemical moieties driving their effect in interfering 
with oligomer formation (structure-activity relationship). Methods: 
The synthesis of the molecules requires a nucleophilic addition. The 
potency of the molecules to reduce the formation of amyloid fibrils and 
toxic oligomers was assessed in vitro using biophysical methods such 
as Thioflavin T (ThT) fluorescence and photo-induced cross-linking of 
unmodified proteins (PICUP) assays. Results: Based on the screening of 
53 newly synthesized molecules, we discovered two amyloid inhibitors 
(JF-19-029 and JF-19-033) of both Aβ40 and Aβ42. Conclusion: A 
preliminary structure-activity relationship study indicates that JF-19-
029 and JF-19-033 can serve as a scaffold for further modifications 
in the design of more potent novel small molecules targeting 
amyloidogenesis in AD. Impact Statement: This project may lead to a 
better understanding of AD by providing a model compound that may 
confirm or deny the role of amyloidosis in disease progression.

P054
Hepatic Transcriptomic Patterns in the Neonatal Rat after PBDE 
Exposure Predict Long-Term Toxic Outcomes
J. Dunnick1, K. Shockley1, D. Morgan1, G. Travlos1, K. Gerrish1, T. Ton1, R. Wilson1, 
S. Brar1, A. Brix2, S. Waidyanatha1, E. Mutlu1, A. Pandiri1  
1NIEHS, Research Triangle Park, NC, USA. 2EPL, Inc., Research Triangle 
Park, NC, USA

Abstract

Introduction: Human exposure to pentabromodiphenyl ether (PBDE) 
mixture (DE-71) and its PBDE-47 congener can occur both in utero and 
during lactation. Experimental design: Here we tested the hypothesis 
that PBDE-induced neonatal hepatic transcriptomic alterations in 
Wistar Han rat pups can inform on potential toxicity and carcinogenic 
after longer-term PBDE exposures. Methods: Wistar Han rat dams 
were exposed to either DE-71 or PBDE-47 daily from gestation day 
(GD 6) through postnatal day four (PND 4). The left hepatic lobe from 
PND 4 pups was collected for histopathology and for transcriptomic 
analysis using Affymetrix Rat Genome 230 2.0 Arrays. Total plasma 
thyroxine (T4) was assayed by radioimmunoassay. Results: In plasma, 
there was a significant decrease in T4, and an accumulation of PBDE 
congeners.  In liver, transcripts for CYPs and conjugation enzymes, 
Nrf2, and ABC transporters were upregulated.    In general, the hepatic 
transcriptomic alterations after exposure to DE-71 or PBDE-47 were 
similar and provided early indicators of oxidative stress and metabolic 
alterations, key characteristics of toxicity processes.  Based on liver 
transcript patterns, the mean BMDLs (mean benchmark dose, lower 
confidence limit) of the most sensitive biological processes were 
lower for PBDE-47 than for the PBDE mixture.  Conclusion: Neonatal 
rat liver transcriptomic data provide early indicators on molecular 
pathway alterations that may lead to toxicity and carcinogenicity if the 
exposures continue for longer durations.  Impact statement: These 
early toxicogenomic indicators may be used to prioritize chemicals for 
a more complete cancer and risk evaluation.

P055
SENDIGv3.1 Changes Which Are Relevant to Macro, Micro and 
Organ Weight SEND Domains in Electronic Data Submissions
Daniel Potenta 
PDS Lifesciences, Mount Arlington, NJ, USA

Abstract

As of March 15, 2019, the standards for electronic data submissions to 
FDA have changed to the SENDIGv3.1 for studies contained in an NDA, 
ANDA and BLA. With this new standard now in effect, data must conform 
to the standards in this new version of the SEND implementation guide. 
Most relevant to Pathology is the requirement to use the standardized 
INHAND Controlled Terminology for non-neoplastic findings in study 
data submissions. This poster will outline the SENDIGv3.1 changes 
which are relevant to Macro, Micro and Organ weight SEND domains.  
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P056
Method for the Combined Observation of Serial Sections of a 
Stented Artery Embedded in Resin by Light Microscopy and 
Transmission Electron Microscopy
Atsushi Isobe1, Kouichi Iwatani1, Junko Souba1, Hisako Terao1, Hitomi 
Hagiwara1, Fumiaki Kumagai2, Yoshiaki Saito2, Kasuke Nagano3, 
Masako Tasaki1  
1Terumo Corporation, Ashigarakami-gun, Kanagawa, Japan. 2Food and 
Drug Safety Center, Hadano, Kanagawa, Japan. 3Nagano Toxicologic-
Pathology Consulting, Hadano, Kanagawa, Japan

Abstract

Introduction: We have developed a new method to obtain information 
about whole tissues by light microscopy (LM) and ultrastructural features 
by transmission electron microscope (TEM) using serial sections of a 
stented artery embedded in resin. Experimental Design: Stents were 
implanted in porcine coronary arteries. The hearts were perfusion-fixed 
in a 2% paraformaldehyde and 1.25% glutaraldehyde mixed solution. 
The stented arteries were then removed, fixed in 1% osmium, embedded 
in Quetol 651 resin and sectioned serially. Methods: For LM, the black 
color of osmium was removed from the section by immersion in 
periodic acid and hydrogen peroxide after deplasticization. LM sections 
were stained with HE and Elastica-Masson trichrome stain. For TEM, 
thin sections were re-embedded in Quetol 812 resin by the resupinate 
method and cut into ultrathin sections. Results: For LM, removal of 
osmium permitted to distinguish cells and visualize elongated cells 
lining the lumen junctions, supposedly endothelial cells. For TEM, clear 
and fine sections were obtained, and organelles, microvilli and cell 
junctions in the endothelium were easily observed. Thus, endothelial 
cells in the same region on the stent strut were observed using LM and 
TEM. Conclusion: The combined observation of adjacent specimens 
by LM and TEM enabled us to observe histopathological changes 
from millimeter scale to nano scale. Impact statement: Utilizing this 
histological processing for evaluation of medical devices will enable 
extensive examinations and further discussion.

P057
Automatic Segmentation of Thyroid Colloid through 
QuPath Scripting
Weizhen Cai1, Zhewei Wang1, Daniel Rudmann2, Jundong Liu1, Thomas Rosol1  
1Ohio University, Athens, OH, USA. 2Charles River Laboratories, 
Ashland, OH, USA

Abstract

Introduction: Image analysis of thyroid follicles can improve the 
diagnosis and quantitation of thyroid follicular hypertrophy. A 
new image analysis tool was developed to work with open-source 
QuPath to automate measurement of colloid area. Experimental 
Design: Sections of male and female rat thyroids (controls and rats 
with follicular cell hypertrophy; n=10 per group) were scanned at 
40x with an Aperio scanner. Seed points for colloid pixels from slide 
scans were extracted and entered into a data delineation pipeline 
that automated QuPath Wandtool operation. System performance 
was evaluated by comparison with manual segmentation results. 
Methods: The procedure for the colloid model had three steps. Within 
the selected region-of-interest, a number of pixels were chosen based 
on their intensity profiles as candidates for colloid seeds. Second, the 
Wandtool routine in QuPath was integrated to capture colloid areas 
through continuous water-flooding around the seed points. Irregular 
segmentation areas were then removed in step 3 to remove the non-
colloid artifacts. Results: Compared with manual measurements, 
the new approach was fully automated, reproducible and reliable. 
The new program tool achieved comparable accuracy with manual 
measurement, but was simpler and faster. Conclusion: Robust and 
accurate colloid segmentation was achieved through the proposed 
automation pipeline. This work lays the foundation for more 
complicated analysis tasks, including follicle segmentation. Impact 
statement: Colloid and follicle segmentations have broad applications 
in preclinical and investigative toxicology. Since the implementation of 
the colloid tool was based on open-source QuPath, the solution can be 
easily shared within the scientific community.
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P058
AI-Based Method for Quantification of Bleomycin-Induced 
Pulmonary Fibrosis in Mouse Model
Uttara Joshi1, Rajesh Ugalmugle1, Apeksha Jain1, Avinash Lokhande1, 
Subbarayan Ramesh2, Krishnamurthy Poorani2, Aravindakshan Jayaprakash2 
1AIRA Matrix, Thane, Maharashtra, India. 2Syngene International Limited, 
Bangalore, Karnataka, India

Abstract

Introduction: Pulmonary fibrosis is a chronic progressive disease 
with poor prognosis and no effective therapy. Preclinical evaluation of 
novel therapeutic agents using Bleomycin induced lung fibrosis animal 
models is critical in drug development. Manual lung fibrosis assessment 
to evaluate morphological changes is qualitative, subjective and time 
consuming. We present results of deep learning/image processing 
based method for automated quantification of pulmonary fibrosis vis-
a-vis pathologist. Experimental design: Training was done using 1000 
tile images scanned at 40x from 10 animals (training accuracy 98.95%). 
Results were validated on 10 whole slide images (WSI) followed by 
validation case study on 60 animals. Methods and materials: Two 
sets of lungs sections from Bleomycin administered mice, Picro-Sirius 
Red-Hematoxylin (PSR) & Hematoxylin and Eosin (H&E) stained, were 
scanned using Hamamatsu scanner. The WSI were subdivided into 
512x512 pixel tiles for segmenting & quantifying four parameters: 
1) Collagen deposition using color deconvolution (PSR sections) 2) 
lumen 3) septal wall 4) inflammatory cells (H&E sections) using deep 
convolutional neural network – Resnet, excluding major bronchioles, 
blood vessels and surrounding collagen. Results were compared with 
semi-quantitative assessment of fibrosis by pathologist (using Modified 
Ashcroft’s scoring system). Results: Segmentation accuracy of 97.31% 
was achieved on validation dataset with concordance to pathologist 
findings. Conclusion: Results of method were comparable with results 
of pathologist in accuracy and reproducibility for quantification of 
pulmonary fibrosis. Impact Statement: This method can be used by 
pathologists as high throughput solution for accurate quantification 
of fibrosis in entire lung sections nullifying limitation of restricted field 
analysis.

P059
NTP Case Study: Examining the Utility of In Vitro Tox21 
Bioactivity Assays for Prioritization and Safety Assessment of 
Botanical Dietary Supplements
Troy Hubbard1, Jui-Hua Hsieh2, Nisha Sipes1, Brad Collins1, Scott Auerbach1, 
Michael DeVito1, Nigel Walker1, Cynthia Rider1  
1Division of the National Toxicology Program, NIEHS, Research Triangle Park, 
NC, USA. 2Kelly Government Solutions, Durham, NC, USA

Abstract

Introduction/Objectives: Nationwide surveys found that natural 
products, including botanical dietary supplements, are used by 
approximately 18% of adults. Often there is a paucity of toxicological 
data available for these substances to allow for confident evaluations 
of product safety. The National Toxicology Program (NTP) sought to 
evaluate the utility of in vitro quantitative high-throughput screening 
(qHTS) assays for toxicological assessment of botanical and dietary 
supplements. Methods/Experimental Design: Concentration 
response assessments of 90 test substances, including 13 distinct 
botanical species, and individual purported active constituents 
were evaluated using a subset of the Tox21 qHTS testing panel. The 
screen included 20 different endpoints that covered a broad range of 
biologically-relevant signaling pathways to detect test article effects 
upon endocrine activity, nuclear receptor signaling, stress response 
signaling, genotoxicity, and cell-death signaling. Results: Botanical 
dietary supplement extracts induced measurable and diverse activity. 
Elevated biological activity profiles were observed following treatments 
with individual chemical constituents relative to their associated 
botanical extract. The overall distribution of activity was comparable to 
activities exhibited by compounds present in the Tox21 10K chemical 
library. Conclusion: Botanical supplements didn’t exhibit minimal or 
idiosyncratic activities that would preclude the use of qHTS platforms 
as a feasible method to screen this class of compounds. However, there 
are still many considerations and further development required when 
attempting to use in vitro qHTS methods to characterize the safety 
profile of botanical/dietary supplements. Impact Statement: The Tox21 
testing panel provides an established and efficient testing mechanism 
to generate biological activity profiles for dietary supplement test 
agents.
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P060
Immunohistochemical Nonclinical Methods for Assessing Cell 
Fate in Human Embryo Stem Cell-Derived Therapy
Kevin Keane, Pia Morrtensen, Susanne Rasmussen, Camilla Ingvorsen, 
Maria Pereira 
Novo Nordisk A/S, Måløv, Denmark

Abstract

Introduction: Biologists have made enormous progress in recent 
techniques to differentiate embryonic stem cells in vitro to multiple 
human organoid tissues.  Safety and efficacy assessment methods 
are not well established and effort is needed by the toxicologic 
pathology field to address this need.   This work attempts to address 
this need, specifically looking at “cell fate,” which includes the growth 
and distribution of non-terminally differentiated cells implanted into 
immunodeficient mice. Experimental Design: SCID-Beige mice were 
implanted with approximately 1 million human neuronal-progenitor 
cells via a lateral abdominal wall surgical incision followed by exposing 
the left kidney, creating a sub-capsule tunnel and injection of the 
cells.  The animals were euthanized at either 1, 3, or 6 weeks post-
surgery and were necropsied for growth and dissemination of the 
cells.  Methods:  Abdominal and thoracic tissues were examined 
and the implanted kidney and all abnormalities were collected for 
histological examination by H&E and Fluorescent IHC for human 
nuclei.  Results: Cell growth into teratoma-like masses and local 
extension were observed at all three necropsies. These included 
endoderm-, mesoderm-, and ectoderm-like cellular masses which 
expanded from the surgical site and adjacent viscera.   These masses 
were IHC positive for human nuclei.  Metastasis of human cells was 
not observed.  Conclusion: IHC for human cells is essential in precisely 
delineating the growth and distribution of implanted human stem cell-
derived tissue in immunodeficient animal models.  Impact Statement: 
IHC methods for human cell detection in non-clinical safety and 
efficacy testing of stem cell-derived therapies will be essential in their 
safety profile.

P061
Spatial Distribution of Non-Hodgkin Lymphomas in Humans and 
Canines in São Paulo, Brazil, Coincides
Katia Kimura, Marcello Tedardi, Maria Dagli 
University of São Paulo, São Paulo, SP, Brazil

Abstract

Non-Hodgkin lymphomas (NHLs) are heterogeneous neoplasms 
arising from the malignant transformation of normal lymphoid cells 
at various stages of differentiation. Human and canine NHLs share 
several features. Because dogs share most environmental and living 
conditions with humans, we reasoned that spatial distributions of 
NHL cases between the two species would provide some evidence for 
the role of certain environmental factors, such as pollutants, on the 
pathogenesis of NHLs. In this study, we retrospectively analyzed the 
spatial distribution of 630 human NHL cases randomly selected from 
a database of more than 8,000 prevalent cases at the Cancer Registry 
of São Paulo, Brazil, and 579 canine NHL cases diagnosed in five referral 
veterinary hospitals in the same city. All autopsy and biopsy in human 
and canine cases were recorded between 1996 and 2006. We show that 
human and canine cases of NHL have similar spatial distributions in 
the central region of the city of São Paulo, Brazil, and this distributions 
coincides with avenues that have the most busy traffic in the city. As 
humans and canines share the same environment, air pollution can 
possibly be involved in the development of NHL in both species.

P062
Toxicology & Carcinogenesis Study of Dietary Zinc in Sprague-
Dawley Rats (Hsd:Sprague Dawley SD)
Amy Brix1,2, Natasha Catlin3, Michael Wyde2, Michelle Cora2, Angela King-
Herbert2, Grace Kissling2, David Malarkey2, Keith Shockley2 
1EPL, Inc., Research Triangle Park, NC, USA. 2Division of the National 
Toxicology Program, NIEHS, Research Triangle Park, NC, USA. 3Pfizer, 
Groton, CT, USA

Abstract

Introduction: Zinc is an essential element in humans and animals 
due to its role in membrane stability, enzyme activities, and protein 
and nucleic acid metabolism. Zinc was nominated for toxicity and 
carcinogenicity testing based on the increasing size of the population 
exposed to zinc through dietary supplements as well as to investigate 
the tumorigenicity of zinc deficiency as a result of data showing that 
deficiency of some vitamins and minerals can cause DNA damage. 
Experimental Design:  Groups of 50 male and 50 female rats were 
fed either zinc deficient diets containing 3.5 or 7 ppm dietary zinc, or 
zinc excess diets containing 250 or 500 ppm dietary zinc, or 38 ppm 
dietary zinc (control) for 104 to 106 weeks. Materials and Methods:  
Complete necropsies and microscopic examinations were performed 
on all core study rats. Statistical tests were used to compare diets 
deficient in zinc or diets containing excess zinc to the control diet with 
sufficient zinc. Results: The incidences of multiple adenomas of the 
pancreas was significantly increased in 3.5 ppm males, and there were 
significantly increased incidences of acinar atrophy in the pancreas of 
500 ppm males & females. In the testis of 3.5 ppm males, the incidence 
of bilateral germinal epithelial atrophy was significantly increased. 
Impact Statement: Under the conditions of this study, there was 
equivocal evidence of carcinogenic activity of diets deficient in zinc in 
male Sprague Dawley rats based on higher incidences of adenoma of 
the pancreas. Neoplastic effects were not observed at other sites.
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P063
Update on the Characterization of the Fischer 344 Large 
Granular Leukocyte Leukemia
Erin Vaughan, Rebecca Kohnken, Mike Logan, Sue Bolin 
Abbvie, North Chicago, IL, USA

Abstract

Introduction: Fischer 344 (F344) rats spontaneously develop leukemia 
with large granular lymphocyte (LGL) cytomorphology. Occurrence 
of LGL leukemia is described in the literature, but characterization of 
leukemic cells is incomplete. Experimental Design: The present work 
comprises a retrospective case series of spontaneously occurring F344 
LGL leukemias with additional characterization of the leukemic cells by 
flow cytometry. Methods: An aging colony of F344 rats both WT and 
Tg344-Alzheimer’s Disease (AD) were maintained until the following 
endpoints: health issues requiring euthanasia, study endpoints 
reached, or 2 years of age. Beginning at approximately 16 months 
of age, there were rats that developed signs of icterus/anemia along 
with lethargy and body weight loss requiring humane euthanasia, 
and routine hematology, clinical chemistry, and flow cytometry 
characterization of the leukemic cells was performed (CD3, CD4, CD8a, 
CD45, CD45R, CD161a and CD11b/c). Results: The rate of spontaneous 
LGL occurrence was determined. Clinical pathology findings included 
Advia 2120® cytogram abnormalities, decreased RBC mass, and 
increased reticulocytes, WBC, and bilirubin. Immunophenotyping 
of LGL showed dim CD161a staining and variable CD45 staining. 
Histopathology findings included expansion of the splenic red pulp 
by leukemic cells, leukemic cells within the hepatic sinusoids, and 
other organs. Conclusion: The cell of origin for F344 LGL leukemia is 
most consistent with NK cell. LGL leukemia cells exhibit variability in 
expression of CD45 and dimCD161a expression relative to normal NK 
cells. Impact Statement: Further characterization of F344 LGL surface 
marker expression may make this disease a useful model for evaluating 
therapeutic interventions. Disclosures: All authors are employees of 
AbbVie and may own AbbVie stock. AbbVie sponsored and funded the 
study; contributed to the design; participated in the collection, analysis, 
and interpretation of data, and in writing, reviewing, and approval of 
the final publication.

P064
Comprehensive Characterization of Mitochondrial Genomes in 
Spontaneous and Chemical-Induced Hepatocellular Carcinomas 
in B6C3F1/N Mice
Miaofei Xu1, Adam Burkholder2, David Fargo2, Jacqui Marzec3, Steve Kleeberger3, 
Gregory Solomon4, Robert Sills1, Arun Pandiri1  
1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle 
Park, NC, USA. 2Center for Integrative Bioinformatics, NIEHS, Research 
Triangle Park, NC, USA. 3Immunity, Inflammation, and Diseases Laboratory, 
NIEHS, Research Triangle Park, NC, USA. 4Epigenomic Core, NIEHS, Research 
Triangle Park, NC, USA

Abstract

Introduction: Mitochondria play an important role in cellular energy 
metabolism. Xenobiotic stress induced reactive oxygen species 
(ROS) generation and subsequent chronic oxidative stress have been 
implicated in many carcinogenic processes.The origin and impact 
of mitochondrial DNA (mtDNA) alterations in chemical-induced 
carcinogenesis are unclear. We hypothesized that chronic oxidative 
stress induced genomic alterations in mtDNA may serve as biomarkers 
of chemical induced carcinogenesis. Experimental Design and 
Methods: We performed ultra-deep whole mtDNA sequencing 
(~530,000x) and mtDNA copy number analysis on fresh-frozen male 
B6C3F1/N mouse hepatocellular carcinomas (HCCs) that arose either 
spontaneously (n=40, 20/sex) or due to 2-year exposure to 4 genotoxic 
carcinogens and 6 non-genotoxic carcinogens (n=100, 10/chemical); 
age-matched non-tumor control liver samples (n=20, 10/sex) were also 
included. Results: In total, 150 somatic substitutions were detected 
in the mitochondrial genome in HCCs. Mutation signature analysis 
of the mitochondrial genome across all HCCs demonstrated a similar 
pattern (A/C to G/T transitions). The mtDNA copy number analysis 
revealed a significant reduction in most HCCs (P< 0.001), but not in 
Bromodichloroacetic acid (BDCA)-induced and Ginkgo biloba extract 
(GBE)-induced HCCs (P=0.171 and 0.014, respectively). Conclusion: Our 
findings suggest that the endogenous mutational mechanisms 
linked to mtDNA replication have a greater impact than ROS 
induced mutagenesis in mtDNA. Impact statement: This is the first 
comprehensive study to report that mtDNA in HCCs exhibits resistance 
to mutations induced by chemicals (including genotoxic and non-
genotoxic carcinogens).
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P065
Are Mouse Hepatocellular Tumors Resulting from CAR Activation 
Not Relevant for Human Cancer Risk?
Makoto Shirai1, Stacey Mantooth2,3, Robert Sills1, Arun Pandiri1  
1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle 
Park, NC, USA. 2NIEHS Library, NIEHS, Research Triangle Park, NC, USA. 
3VISTA Technology Services Inc, McLean, VA, USA

Abstract

Introduction: Mouse hepatocellular carcinomas (HCCs) are a common 
finding in the NTP rodent carcinogenicity bioassays, and there is a 
debate on the human relevance of the increased HCCs after chemical 
exposures, especially if they are constitutive androstane receptor 
(CAR) activators. Here, we reviewed the scientific literature to evaluate 
human HCC risk from CAR activating xenobiotics and identifed data 
gaps that need further investigation to address this issue. Methods: 
Using Pubmed, Scopus and Web of Science, we reviewed the literature 
on the relationship between Ctnnb1 mutations, CAR activation and 
HCCs in humans and rodents. Results: CAR is considered to promote 
HCCs with Ctnnb1 mutations and inhibit HCCs with Ha-ras mutations 
in the mouse. About 30% of human HCCs harbor Ctnnb1 mutations, 
and have similar transcriptomic alterations compared to murine HCCs 
with Ctnnb1 mutations. Phenytoin, a CAR activator, increased HCC 
risk in humans and mice in a dose-dependent manner, however, the 
data on the human HCC risk associated with phenobarbital, another 
CAR activator, is not clear. Conclusion: Based on the available data, 
CAR activating xenobiotics could potentially influence hepatocellular 
carcinogenesis in humans. If certain human HCCs are inhibited by CAR 
activation as in the mouse, this could influence the epidemiological 
data on HCC risk associated with CAR activators. There are significant 
data gaps to completely understand the relevance of CAR activation 
for human HCC risk, and additional studies are needed to address this 
issue. Impact statement: The risk of CAR activation for human HCC is 
not unequivocally understood.

P066
Phosphorylation of Histone H3 at Serine 10 by Aurora B 
Kinase through FoxM1/Cyclin D1 Pathway in Cd-Induced 
Metalloestrogenic Effects in Human Uterine Leiomyoma Cells
Linda Yu, Alanna Burwell, Yitang Yan, Lysandra Castro, Jingli Liu, Darlene Dixon 
National Institute of Environmental Health Sciences, Durham, NC, USA

Abstract

Introduction: Cadmium (Cd) is a toxic metal and environmental 
contamination occurs when Cd particles are deposited in soil and 
enter the food chain through plant uptake. Studies have shown Cd to 
be an estrogen “mimic” in rat uteri and it can stimulate proliferation 
of estrogen-responsive human uterine leiomyoma (ht-UtLM) cells. 
Experimental Design:  Ht-UtLM cells were exposed to 0, 0.1, or 
10 uM CdCl2for 24h to determine if Cd’s proliferative effects were 
through Histone H3 phosphorylation by Aurora B, a major kinase 
that activates Histone H3 downstream of MAPK; and whether FoxM1 
and cyclin D1 were involved. Methods: Immunocytochemistry and 
immunofluorescence staining, western blotting, immunoprecipitation 
(IP) and proximity ligation assays (PLA) were used for assessments. 
Results: Cd-exposed ht-UtLM cells showed increased Proliferating Cell 
Nuclear Antigen (PCNA) and H3Ser10ph expression at 0.1 and 10 µM 
compared to controls. H3ser10ph and pAurora B were coexpressed 
along the metaphase plate. Also, Cd-exposed cells had higher expression 
of pMAPK4/42, pFoxM1, Cyclin D1, pAurora B, and H3ser10ph. IP and 
PLA further indicated an association between FoxM1 and Cyclin D1 in 
Cd exposed cells. Application of a MAPK/MEK1/2 inhibitor , PD98059, 
neutralized the above effects. Conclusion:  The proliferation of ht-UtLM 
cells induced by Cd occurred through phosphorylation of Histone H3 by 
Aurora B via FoxM1/Cyclin D1 pathway downstream of MAPK activation. 
Impact statement: This study provides a molecular mechanism of 
how Cd acts as an estrogen mimic involved in mitosis of hormonally 
responsive cells. H3Ser10ph might serve as a marker of cell proliferation 
induced by environmental toxicants.
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P067
Cancer Progression and Phenotypic Alterations in 
Human Uterine Leiomyoma Cells following Continuous 
Cadmium Exposure
Yitang Yan, Arianna Lawrence, Michael Dykstra, Linda Yu, Lysandra Castro, 
Jingli Liu, Darlene Dixon 
NIEHS, Durham, NC, USA

Abstract

Introduction: Cadmium (Cd), a heavy metal pervasively distributed 
in the soil, water and air, poses serious environmental hazards to 
humans, wildlife, and plants. In women with uterine fibroids, there is 
a significant association between blood Cd levels and fibroid size. The 
aim of this study was to determine if benign human uterine leiomyoma 
(ht-UtLM; fibroid) cells could be transformed in vitro by chronic Cd 
exposure. Experimental Design: Fibroid cells were exposed to 10 
µM CdCl2 for 7 days as well as for 8-weeks to evaluate the impact of 
Cd exposure. Methods: The Cd exposed cells (CR-LM) were analyzed 
by time-lapse confocal imaging, flow cytometry, transmission electron 
microscopy, Ki-67, and soft agar assays. Total RNA was extracted from 
CR-LM cells and analyzed using NanoString PanCancer Progression/
Pathways Panels. Results: CR-LM cultures had significantly enhanced 
motility. More CR-LM cells were in the S and G2/M phases of the cell 
cycle and the percentage of Ki-67-positive cells increased dramatically, 
compared to controls.  CR-LM cells showed increased aggregates of 
glycogen granules at the cell periphery. CR-LM cells formed viable 
colonies in soft agar due to acquired anchorage independent growth. 
NanoString analysis of CR-LM cells significantly altered expression of 
MMP1 and MMP3, and other TGF-beta pathway genes versus ht-UtLM 
controls. Conclusion: Due to prolonged Cd exposure, fibroid cells 
developed altered phenotypes in cell morphology, motility, proliferation, 
glycogen distribution, anchorage independent growth, and gene 
expression. Impact statement: Continuous chronic environmental Cd 
exposures may pose a cancer risk for women with uterine fibroids.

P068
Whole-Exome Mutational Landscape Reveals Unique Mutational 
Profiles and Driver Genes in Spontaneous and Chemical-Induced 
Hepatocellular Carcinomas in B6C3F1/N Mice
Arun Pandiri1, Miaofei Xu1, Jianying Li2, Kovi Ramesh1, B. A. Merrick1, Pierre 
Bushel3, John Bucher1, Robert Sills1  
1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle 
Park, NC, USA. 2Center for Integrative Bioinformatics, NIEHS, Research 
Triangle Park, NC, USA. 3Biostatistics and Computational Biology Branch, 
NIEHS, Research Triangle Park, NC, USA

Abstract

Introduction: Carcinogenesis is considered a multi-step process, 
but the underlying molecular events are only partially understood. 
Hepatocellular carcinomas (HCC) arising either spontaneously or due 
to chronic chemical exposures are histologically indistinguishable. 
We hypothesized that compared to spontaneous HCCs, chemical-
induced HCCs demonstrate unique mutation spectra and harbor 
distinct mutations in cancer genes. Experimental Design and 
Methods: Whole exome sequencing (~150x) was performed on 
B6C3F1/N male mouse HCCs that arose either spontaneously (n=21) or 
due to 2-year repeat-dose exposures to 4 genotoxic chemicals and 6 
non-genotoxic chemicals (n= 100, 10/chemical), and on age-matched 
non-tumor livers from vehicle control male mice (n=10). Results: The 
median burden of somatic mutations in bromodichloroacetic acid 
(BDCA) -induced HCCs was relatively higher (~7 mutations/megabase 
(Mb)) compared to the other groups of HCCs (~3 mutations/Mb). 
Differences in the somatic mutation profiles were also observed. The 
mutational profile in BDCA-induced HCCs was dominated by T>A 
transversions while the other groups of HCCs had a higher rate of 
C>T transitions. The putative oncogenic drivers of HCCs, Ctnnb1 and 
Hras were recurrently mutated and occurred in a mutually exclusive 
manner. Conclusion: The mutation burden data suggests that BDCA 
has a genotoxic mode of action. In addition, the mutation spectra 
reveal the underlying exogenous or endogenous genetic events in the 
HCCs. Finally, mutations in the Wnt-signaling activator Ctnnb1and in the 
MAPK/ERK pathway activator Hrasdemonstrate distinct carcinogenic 
processes in HCCs. Impact statement: Our study provides a detailed 
insight into the mutational landscape of tumors and could help us to 
better understand the mode of action in chemical carcinogenesis.
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P069
Focus and Strengths of the RITA Database in Comparison 
to IMI eTOX
Susanne Rittinghausen, Rupert Kellner 
Fraunhofer Institute for Toxicology and Experimental Medicine, 
Hannover, Germany

Abstract

RITA (Registry of Industrial Toxicology Animal-data) has a control animal 
database of 2-year studies financed by pharmaceutical and chemical 
companies. This was started more than 30 years ago and contains a 
reliable and validated pool of historical control data. The terminology 
follows INHAND (International Harmonization of Nomenclature and 
Diagnostic criteria) to which the group has contributed with regard 
to neoplastic and pre-neoplastic findings. eTOX has been developed 
by pharmaceutical companies, academia and SMEs over a period of 
7 years. The final version contains data on a broad spectrum of study 
designs and includes information on dosed and control groups as 
well as substances. Freely accessible tools have been developed to 
e. g. allow the mapping of verbatim terms to preferred terms from 
controlled vocabularies like INHAND. A comparison of the data of both 
databases exhibits marked differences in the type of studies and species 
included. These are a result of the divergent focus of both databases, 
RITA as a reference for pathologists evaluating tumor incidences and 
eTOX as a knowledge hub for toxicologists. The main strength of RITA 
is the availability of individual animal data and their lesions, which 
enables the analysis of co-occurring lesions. This will be illustrated by 
an example where an animal has different tumors in unrelated organs 
that are under hormonal control. The frequency of such cases can be 
analyzed by using purpose-built queries to the database.

P070
Transcriptomic Analysis of Alveolar/Bronchiolar Tumors 
in B6C3F1/N Mice Exposed to Cobalt Metal Dust (CMD) by 
Inhalation for Two Years
Thai Ton1, Hue-Hua Hong1, Keith Shockley1, Shyamal Peddada1, Mark 
Hoenerhoff1, Ramesh Kovi1,2, Robert Sills1, Arun Pandiri1  
1NIEHS, Research Triangle Park, NC, USA. 2Experimental Pathology 
Laboratories Inc., Research Triangle Park, NC, USA

Abstract

Introduction: Rodent alveolar/bronchiolar carcinomas (ABC) that 
arise either spontaneously or due to chemical exposures are similar 
to a subtype of human lung adenocarcinomas. B6C3F1/N mice and 
F344/NTac rats developed ABCs after chronic exposure to cobalt 
metal dust (CMD). In CMD-exposed mice, the incidence of Kras 
mutations in ABCs was 67% with 80% being G to T transversions 
on codon 12. Experimental Design and Methods: Transcriptomic 
analysis was performed (mice only) on ABCs arising spontaneously 
or due to chronic CMD-exposure. Mouse GenechipÒ 430 2.0 arrays 
were used to identify transcriptomic alterations (false discovery rate 
< 5%). IngenuityÒ Pathway Analysis software was used to determine 
overrepresented canonical pathways. Results: Transcriptomic analysis 
showed significantly altered canonical pathways (p < 0.001) related to 
MAPK signaling (IL-8 signaling, ErbB signaling, Integrin signaling, PAK 
signaling) and oxidative stress (PI3K/AKT signaling and Melatonin 
signaling) in ABCs in CMD-exposed mice. The gene encoding Ereg 
was highly up-regulated (+28.9 fold change) in CMD-exposed 
mice. Conclusion: Kras mutations with G to T transversions are seen 
in ABCs in CMD-exposed mice. These transversions can be attributable 
to oxidative stress. Oxidative stress can stimulate pathways like PI3K/
AKT or MAPK. Oncogenic KRAS mutations have been shown to induce 
EREG overexpression. Collectively, Kras G to T transversions and 
alterations in pathways like PI3K/AKT, and MAPK signaling suggest that 
oxidative stress plays an important role in CMD-induced pulmonary 
carcinogenesis in rodents. Impact Statement: Alterations in MAPK 
signaling and oxidative stress in CMD-induced rodent lung tumors may 
be relevant in the context of human lung cancers.
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P071
Anti-IL-7Rα Monoclonal Antibody Limits the Growth of Mutant 
IL-7Rα-Driven Leukemia In Vivo
Julie Hixon1, Caroline Andrews1,2, Kelli Czarra1, Emilee Senkevitch1, Wenqing Li1, 
Joel Schneider3, Scott Walsh3, Scott Durum1  
1Cytokines and Immunity Section, Cancer and Inflammation Program, 
National Cancer Institute, National Institutes of Health, Frederick, MD, 
USA. 2Charles River Laboratories, Frederick, MD, USA. 3Chemical Biology 
Laboratory, National Cancer Institute, National Institutes of Health, 
Frederick, MD, USA

Abstract

Introduction: Oncogenic gain-of-function mutations in IL-7Rα have 
been identified in pediatric T-cell acute lymphoblastic leukemia (T-ALL), 
and additional mutations in T-ALL cells represent components of IL-7 
receptor signaling. Our objective was to investigate if targeting IL-7Rα 
with a monoclonal antibody (mAb) would have therapeutic benefit 
against T-ALL. Methods and Experimental Design: The D1 thymocyte 
line was transduced with a pMIG retroviral vector expressing T-ALL 
patient-derived mutant IL-7Rα. 1 x 105 mutant IL-7Rα D1 cells were 
injected intravenously into sublethally irradiated RAG1-/- mice. One day 
after cell injection, mice were injected once intravenously with 250 µg 
of a novel anti-IL-7Rα mAb or saline as a control. Mice were euthanized 
15 days post cell injection, and tissues were harvested and routinely 
processed for microscopic evaluation or flow cytometry. Results: A 
single injection of anti-IL-7Rα mAb reduced leukemic burden in the 
liver, kidney, spleen, bone marrow, and peripheral blood relative to 
untreated leukemia engrafted mice. Conclusion: Anti-IL-7Rα mAb limits 
the growth of mutant IL-7Rα-driven leukemia in vivo. Impact Statement: 
Anti-IL-7Rα mAb is a potential novel therapy for T-ALL.

P072
A Partnership of Pathology and Lipidomics to Identify Novel 
Biomarkers and Therapeutic Targets in Gliomas
Agnes Wong1,2, Stephen Miloro3, Kari Clase3, Jenna Rickus3, L. Tiffany Lyle2,4

1Animal Disease Diagnostic Laboratory, College of Veterinary Medicine, 
Purdue University, West Lafayette, IN, USA. 2Department of Comparative 
Pathobiology, College of Veterinary Medicine, Purdue University, West 
Lafayette, IN, USA. 3Department of Agricultural & Biological Engineering, 
Purdue University, West Lafayette, IN, USA. 4Histology Research Laboratory, 
Center for Comparative Translational Research, College of Veterinary 
Medicine, Purdue University, West Lafayette, IN, USA

Abstract

Introduction: The use of lipidomics is a rapidly expanding field in 
cancer research and diagnostics. Previous studies in human gliomas 
have identified distinct lipid profiles in gliomas from adjacent non-
neoplastic brain tissue. Variations in lipid profiles may represent an 
alteration in lipid metabolites and expression of proteins involved in lipid 
metabolism. These alterations may serve as novel targets for potential 
biomarkers or personalized therapeutics. However, to yield meaningful 
data, qualitative and quantitative pathologic evaluation is paramount in 
identification of regions of interest and for sample selection for analysis. 
Experimental Design: Thirteen, previously graded (grade I-IV) frozen 
human gliomas samples were evaluated. Samples were randomly 
and blindly selected for sectioning. Methods: Frozen tissue samples 
were sectioned, processed, stained with hematoxylin and eosin, and 
digitized using Aperio Versa 8 slide scanner. Tumor regions were traced 
with Aperio Imagescope software. Serial tissue sections were isolated 
using laser capture microdissection (LCM). LCM from 3 regions of tumor 
and 3 regions of non-neoplastic brain tissue per sample, were analyzed 
with multiple reaction monitoring (MRM) profiling. Results: Preliminary 
data from MRM profiling identified differences in the lipid profiles 
between grade I gliomas and adjacent non-neoplastic regions of the 
brain. Conclusion: Our preliminary results demonstrate the need 
for comprehensive pathologic evaluation in proteomic research. This 
pathologic data will guide sample selection for meaningful lipidomic 
profiling and analysis. Impact Statement: As proof of concept, 
pathologic evaluation to distinguish non-neoplastic brain from gliomas, 
is important for lipidomics analysis to identify potential biomarkers and 
development of effective therapeutics for glioma patients. 
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P073
30% (w/v) Aqueous Sulfobutyl Ether 7-β-Cyclodextrin 
(Captisol™) Causes Subcutaneous Pleomorphic Fibrosarcomas 
and Fibrosarcomas after Repeated Subcutaneous 
Administration in Rats
Aaron Sargeant1, Richard Bruner1, Heath Thomas2, John Ciallella1  
1Charles River Laboratories, Spencerville, OH, USA. 2EPL, 
Philadelphia, PA, USA

Abstract

Cyclodextrins solubilize and stabilize drugs and improve drug delivery. 
A polyanionic variably substituted sulfobutyl ether of β-cyclodextrin 
[sulfobutyl ether 7-β-cyclodextrin (SBE-β-CD; Captisol™)] interacts well 
with neutral drugs to facilitate solubility and chemical stability, and is 
used in products approved by the Food and Drug Administration. Five 
groups of 60 male and 60 female Wistar Han rats were administered 
saline control, 30% (w/v) SBE-β-CD in sterile water for injection, final pH 
7.2±0.5 (vehicle control), or SBE-β-CD combined with low, mid, and high 
doses of a test article by once daily subcutaneous administration in a 
2-year carcinogenicity study. Due to rapidly expanding subcutaneous 
tumors in all groups except for the saline control, males were 
terminated early during Week 60 and females were terminated early 
during Week 83. The subcutaneous tumors were initially observed after 
approximately 9 months of dosing and required humane euthanasia of 
affected animals after approximately 4-6 weeks of growth. The tumors 
consisted primarily of pleomorphic fibrosarcomas and fibrosarcomas 
and were attributed to chronic irritation in the subcutaneous tissue 
related to SBE-β-CD. No exacerbation of tumor development was 
noted with the test article. Chronic subcutaneous administration of 
30% (w/v) SBE-β-CD causes malignant sarcomas at the administration 
site that result in high mortality and precludes its use as a vehicle for 
subcutaneous administration in 2-year carcinogenicity studies in rats.

P074
Causes of Morbidity and Death in CD-1 Mice in Two-Year 
Carcinogenicity Studies
Bethany Balmer, Keith Nelson, C. Dean 
Charles River Laboratories, Mattawan, MI, USA

Abstract

Determination of cause of morbidity and death (COD) in carcinogenicity 
study animals can aid in understanding both test article-related 
and background pathology within test-animal populations and 
how these change over time, assisting in the evaluation of potential 
toxicity. This retrospective study incorporated data from 19 CD-1 
mouse carcinogenicity studies that were conducted for 2-year 
periods and completed in 2009-2018, incorporating 11280 mice 
(with approximately even numbers of males and females). The COD 
for animals dying or euthanized during the course of the study prior 
to scheduled termination (48.9% males and 56.6% females) were 
collated, and common trends were determined. The most common 
COD in male mice was urogenital inflammation/obstruction (16.8%), 
followed by lymphoid tumors (9.9%) and skin inflammation/necrosis 
(9.5%). The most common COD in female mice was lymphoid tumors 
(18.9%), followed by chronic progressive nephropathy/uremia (8.2%) 
and ovarian cysts/hemorrhage (6.9%). Overall, lymphoid tumors have 
the greatest incidence for the combined sexes. Even with a thorough 
and complete postmortem examination, a large proportion (>15%) of 
mice have an undetermined COD, and certain causes of death, such 
as metabolic abnormalities and arrhythmia cannot be accounted for 
postmortem. With a robust base of study data, this survey provides 
substantial insight into the prevalent causes of death in the most 
commonly used mouse carcinogenicity model and contributes to a 
greater understanding of potential test article-related morbidity and 
mortality.

P075
Spontaneous Periductal Cholangiofibrosis in the Liver and 
Pancreas of Harlan Sprague-Dawley Rats
Margarita Gruebbel1, Torrie Crabbs1, Jerry Hardisty1, Cynthia Shackelford1, 
David Malarkey2, Mark Cesta2 
1EPL, Inc., Research Triangle Park, NC, USA. 2NIEHS/NTP, Research Triangle 
Park, NC, USA

Abstract

In rats, cholangiofibrosis has been previously reported only in the 
liver as an induced change resulting from chemical administration or 
other experimental modalities; progression to cholangiocarcinoma 
has been reported when there is extensive parenchymal involvement 
and marked cellular dysplasia, but unequivocal metastasis has not 
been reported. This abstract documents spontaneously occurring 
cholangiofibrosis in the liver and pancreas of male and female Harlan 
Sprague-Dawley (HSD) rats from several National Toxicology Program 
2-year carcinogenicity bioassays. Retrospective light microscopic 
examination of the liver and pancreas was performed on all rats from 
one study (90 control and 540 exposed rats per sex) and from 260 male 
and 705 female control rats from nine other studies. In the first study, 
cholangiofibrosis occurred with low, sporadic incidences in the liver or 
pancreas of nine male and 21 female rats; three of the cases were in 
controls.  In the control-only review, three liver cases (two females and 
one male) and one pancreas case (male) were recorded. The lesions 
were singular, discrete, and often nodular. In the liver, lesions were 
predominately subcapsular, extracapsular and/or near the main bile 
duct; in the pancreas, lesions were adjacent to the common bile duct. 
Lesions consisted of tortuous to dilated bile ductule-like structures that 
contained intraluminal mucin-like material, attenuated to columnar 
lining epithelium with variable intestinal metaplasia (abundant goblet 
cells and occasional Paneth cells), and abundant fibrous stroma.  All 
cases were considered incidental and spontaneous, and termed 

“periductal cholangiofibrosis” based on frequent close proximity to 
a large bile duct. Periductal cholangiofibrosis in this cohort of rats 
includes cases considered spontaneous changes in the liver, and in an 
extrahepatic location (pancreas).



STP 38th Annual Symposium 

42 Download the 2019 Annual Meeting App for up-to-date information.Poster Index

P076
10-Day and Four-Week Toxicity and Toxicokinetics Studies of 
Alpha-Glycosyl Isoquercitrin in Juvenile Göttingen Minipigs
Abraham Nyska1, Yuval Ramot2, Mihoko Koyanagi3, Nicola Dias4, Samuel 
Eniola4, Abraham Nyska5, Shim-mo Hayashi3 
1Maronpot Consulting, LLC, Timrat, Israel. 2Hadassah Medical Center, 
Hebrew University of Jerusalem, The Faculty of Medicine, Jerusalem, Israel. 
3Global Scientific and Regulatory Affairs, San-Ei Gen F. F. I., Inc., Osaka, 
Japan. 4Envigo, Huntingdon, Cambridgeshire, United Kingdom. 5Consultant 
in Toxicologic Pathology, Timrat, Israel

Abstract

Introduction: Alpha-glycosyl isoquercitrin (AGIQ) is a common food 
additive and anti-oxidant. Aside from a positive safety profile based 
on a genotoxicity battery and 90-day rat toxicity study, contemporary 
safety assessment studies are sparse. The present study assesses 
safety and potential adverse effects on growth specifically in young 
animals. Experimental design: In a 10-day and a 4-week study juvenile 
Göttingen minipigs were treated 4 times per day with oral AGIQ (0, 
100, 300 and 1000 mg/kg/day). Methods: The animals were examined 
clinically and macroscopically, tissues were examined microscopically, 
and blood was obtained for clinical and toxicokinetic analyses. 
Results: All animals remained in good health with no abnormal blood 
analytes or signs of toxicity. In the 4-week study, yellow coloration of 
the bones with no associated histopathology was evident in all animals 
in the high-dose group. Minimal hepatocellular and sinusoidal/Kupffer 
cell iron pigment was seen in all animals in both studies secondary 
to routine injection of supplemental iron to newborn animals. Based 
on plasma levels of AGIQ metabolites, there was rapid absorption 
and sufficient evidence of systemic exposure. The AUC was increased 
in dose-related manner. Conclusion: Oral administration of AGIQ in 
reconstituted milk supplement to juvenile Göttingen minipigs for 4 
weeks at up to 1000 mg/kg/day does not cause any adverse treatment-
related effects. Impact statement: Based on this study, AGIQ has a 
positive safety profile as a food additive.

P077
Safety Study of D-PLEX100 in a Sternal Surgical Defect in New 
Zealand White Rabbits
Yuval Ramot1, Shlomo Nedvetzki2, Sefi Rosenfeld2, Noam Emanuel2, 
Abraham Nyska3,4 
1Hadassah Medical Center, Hebrew University of Jerusalem, The Faculty of 
Medicine, Jerusalem, Israel. 2PolyPid Ltd., Petah Tikva, Israel. 3Consultant in 
Toxicologic Pathology, Timrat, Israel. 4Tel Aviv University, Tel Aviv, Israel

Abstract

Introduction: Surgical site infections (SSI) are one of the most common 
postoperative complication and are associated with significant mortality 
and morbidity.  Local delivery of antibiotics have the potential to 
provide high local concentrations without the risk for systemic toxicity. 
A recently-developed product for prevention of post-surgery infections 
is a polymer-lipid encapsulation matrix loaded with doxycycline, 
named D-PLEX100 (D-PLEX). Experimental design: The safety of three 
formulations of D-PLEX encapsulating different concentrations of 
doxycycline have been compared to sham-operated control after their 
administration into sternal surgical defects in NZ White rabbits, During 
15 months of exposure. Methods: Blood samples were collected 
for clinical pathology and toxicokinetic analyses. Necropsy was 
conducted, and the sternum and tissues from the parietal pleura were 
collected and evaluated histologically. Results: No abnormal clinical 
findings were attributed to D-PLEX, and clinical pathology assays 
were normal. Histological examinations revealed no treatment-related 
adverse findings in the examined tissues, including the osseous and 
surrounding soft tissues. Most of D-PLEX gradually degraded within the 
first 3 months until complete disappearance after 9 months, in parallel 
to normal bone formation. Moreover, D-PLEX did not affect the sternal 
bone strength. Conclusion: D-PLEX administration as a single dose 
into a sternal defect in rabbits was determined to have no toxicity as 
evident following multiple examinations made up to 15 months post 
treatment. Impact statement: Based on the safety and tolerability of 
D-PLEX with a long-term follow-up, it has the safety profile as a new 
product administered locally for prevention of surgical site infections 
in humans.
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P078
Biodegradability and Safety Study of LifeMesh™, a Novel Self-
Adhesive Mesh, in Sprague-Dawley Rats
Yuval Ramot1, Noam Kronfeld2, Michal Steiner2, Guy Klaiman2, Amir Hadid3, 
Nati Ezov2, Michal Sudak3, Abraham Nyska4,5 
1Hadassah Medical Center, Hebrew University of Jerusalem, The Faculty of 
Medicine, Timrat, Israel. 2Envigo CRS (Israel), Ness Ziona, Israel. 3LifeBond 
Ltd, Caesarea, Israel. 4Consultant in Toxicologic Pathology, Timrat, Israel. 5Tel 
Aviv University, Tel Aviv, Israel

Abstract

Introduction: The use of penetrating fixation devices can lead to 
complications in hernia repair procedures. Therefore, self-adhesive 
meshes are being developed. LifeMesh™ is a novel self-adhesive 
mesh with a biodegradable gelatin adhesive layer. Here we present 
the results of a study assessing the safety and biodegradability of the 
adhesive component in LifeMesh™. Experimental design: LifeMesh™ 
or a commercially available bare polypropylene mesh (BPP, same 
PP mesh used in LifeMesh, fixed with sutures and serving as control) 
were implanted intra-peritoneally in the abdominal wall of Sprague-
Dawley rats. Methods: Tissues were obtained for macroscopic and 
microscopic examinations to evaluate biodegradability and potential 
adhesion to implantation sites. The inflammatory and tissue reactions 
to the implant were examined up to 6 weeks. Results: LifeMesh™ 
was well-tolerated and its implantation did not result in any adverse 
local reaction. Its adhesive layer was substantially degraded after 4 
weeks. Histopathological examination revealed that the presence 
of the adhesive led to a uniform thickness of the granulation tissue 
surrounding the mesh, in contrast to a non-uniform granulation 
tissue with BPP. Non-uniform granulation tissue can result in poorer 
integration of the mesh to the abdominal wall. The use of LifeMesh™ 
also led to less adhesions of internal organs with a smaller surface 
area of involvement. Conclusion: LifeMesh™ was well-tolerated by 
the tissue and did not present any adverse local tissue reactions. There 
was almost complete degradation of the adhesive layer after 4 weeks. 
Impact statement: Based on this study, LifeMesh™ can be beneficial 
for hernia repair in humans. 

P079
Leveraging the National Toxicology Program’s Experience 
to Provide Insights into the Etiology of Chronic Kidney 
Disease of Unknown Origin in Agricultural Workers in Central 
America and Asia
Susan Elmore1, Linda Birnbaum1, Alison Harrill1, Bonnie Joubert1, Brian 
Berridge1, Kylie Brockenfelt2, Margarita Gruebbel2, John Seely2 
1NTP/NIEHS, Research Triangle Park, NC, USA. 2Experimental Pathology 
Laboratories, Inc., Research Triangle Park, NC, USA

Abstract

Introduction: Chronic kidney disease of unknown origin (CKDu) is 
an unexplained epidemic that is prevalent in agricultural workers 
from Central America and other countries such as Sri Lanka and 
India. The cause is unknown but risk factors may be multifactorial 
(e.g., agrochemicals, dehydration, medication, mineral exposure). The 
NTP/NIEHS is partnering with the National Institute of Diabetes and 
Digestive and Kidney Diseases (NIDDK) and the global community to 
better understand the pathology of this disease and explore potential 
etiologies/ mechanisms. Experimental Design: The NTP Archives 
database was searched for agrochemical-related substances that field 
workers in the affected regions may have been exposed to, and that 
were also associated with treatment-related renal non-neoplastic 
lesions.  Methods: Tissue slides were evaluated for confirmation 
of diagnoses. Results: 47 chemicals identified with renal lesions in 
subchronic and/or chronic studies.  Renal lesions include tubular 
necrosis, degeneration, regeneration, hyperplasia, atrophy, dilation, 
casts, mineralization, and epithelial cell cytomegaly; glomerulosclerosis; 
hydronephrosis; pigmentation and hemosiderosis; α2u-globulin 
nephropathy; rodent chronic progressive nephropathy; toxic 
nephropathy; renal papillary degeneration and necrosis; renal pelvis 
hyperplasia; and chronic inflammation. Conclusion: These data provide 
a rationale for identifying important chemical candidates that may be 
linked to CKDu. Where exposure data indicate presence of chemicals 
that have not been previously tested, prospective collection of relevant 
toxicology data on chemicals of concern in the affected population can 
also be considered. Impact statement: Our goal is to further explore 
any similarities in renal histomorphology and pathogenesis between 
rodent and human pathologies. We welcome global partnerships to 
explore these options further. This research was supported [in part] 
by the Intramural Research Program of the NIH, National Institute of 
Environmental Health Sciences.
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P080
Macrophage Recruitment, Polarization, and Activation in Carbon 
Nanotube-Induced Lung Inflammation and Fibrosis
Jie Dong, Qiang Ma 
Receptor Biology Laboratory, Toxicology and Molecular Biology Branch, 
Health Effects Laboratory Division, National Institute for Occupational 
Safety and Health, Centers for Disease Control and Prevention, 
Morgantown, WV, USA

Abstract

Introduction: Carbon nanotubes (CNTs) are new materials with 
expanding industrial and commercial applications. CNT exposure 
induces acute inflammatory and fibrotic lesions leading to 
chronic fibrosis in rodents, resulting in health concerns in exposed 
humans. Macrophages play important roles in immune regulation 
and fibrosis development through their distinct subsets and 
functions. Experimental Design: Eight-10-week-old C57BL/6J male 
mice were treated with dispersion medium (DM) or 40μg multi-walled 
CNTs (MWCNTs) suspended in DM by pharyngeal aspiration. Lung 
samples were obtained on days 1, 3, and 7 post-exposure. Methods: Lung 
RNA and whole protein preparation, histopathology, immunoblotting, 
and immunofluorescence and immunohistochemistry staining were 
performed using standard procedures. Results: MWCNTs induced 
macrophage recruitment and enrichment, with increased M1 and 
M2 populations. Induction of M1 polarization was dominant on day 
1, with a peak on day 3, but declined rapidly thereafter. Whereas, M2 
polarization was induced on day 1 modestly, but was significantly 
elevated on day 3 and maintained at a high level through day 7. M1 
and M2 macrophages were functionally activated, as indicated by 
the expression of their distinctive markers, iNOS and ARG1, with time 
courses parallel to M1 and M2 polarization, respectively. MWCNTs 
stimulated specific STAT and IRF signaling pathways to regulate M1 
and M2 polarization and activation. Conclusion: MWCNTs promote 
the recruitment, polarization, and activation of macrophages during 
inflammation and fibrosis in the lung. Impact statement: The findings 
represent a new mechanistic connection between inflammation and 
fibrosis induced by CNT exposure, and provide new clues to biomarker 
development for CNT lung pathology.

P081
Osteopontin Promotes TGF-β1 Activation and Lung Fibrosis in 
Response to Carbon Nanotube Exposure
Jie Dong, Qiang Ma 
Receptor Biology Laboratory, Toxicology and Molecular Biology Branch, 
Health Effects Laboratory Division, National Institute for Occupational 
Safety and Health, Centers for Disease Control and Prevention, 
Morgantown, WV, USA

Abstract

Introduction: Carbon nanotubes (CNTs) are new materials with a 
variety of industrial and commercial applications. However, CNTs 
induce acute and chronic fibrosis in rodent lungs, with a similarity 
to pneumoconiosis and idiopathic pulmonary fibrosis (IPF), raising 
concern over CNT lung pathology in humans. This study investigated 
the role of osteopontin (OPN), a cytokine and ECM protein that 
regulates inflammation, tissue remodeling, and cancer metastasis, in 
lung fibrosis induced by multi-walled CNTs (MWCNTs). Experimental 
Design: C57BL/6J (WT) and Opn knockout (KO) mice were exposed 
to MWCNTs by pharyngeal aspiration. The role of OPN and its mode of 
action in lung fibrosis were analyzed at the cellular and molecular levels in 
vivo and in vitro. Methods: Bronchoalveolar lavage (BAL) isolation, lung 
RNA and whole protein preparation, histopathology, immunoblotting, 
immunofluorescence and immunohistochemistry staining, and ELISA 
were performed using standard procedures. Results: OPN was induced 
by MWCNTs in the acute and chronic responses in lung tissues and 
BAL fluid. OPN enhanced MWCNT-induced lung fibrosis through 
promoting fibrotic focus formation and matrix protein production. 
OPN promoted TGF-β1 expression and activation, Smad-dependent 
TGF-β signaling activation, fibroblast accumulation, myofibroblast 
differentiation, and ECM deposition in MWCNT-exposed lungs. 
Meanwhile, OPN enhanced MWCNT-induced fibrotic response through 
activating TGF-β signaling and elevating ECM production in primary 
fibroblastic cells. Conclusion: The findings reveal a pro-fibrotic activity 
of OPN in the lung exposed to MWCNTs. Impact statement: This study 
provides new insights into the mechanistic understanding of MWCNT-
induced lung fibrosis, and suggests OPN as a functional biomarker for 
the health impact of MWCNTs.
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P082
Impact of Trio and Pair Breeding in Mice on Environmental 
Parameters and Nasal Pathology: Implications for Cage Change 
Frequencies
Kelsey Cornelius1, Sarah Thurston1, Mark Hoenerhoff1, Jennie Lofgren2

1University of Michigan, Ann Arbor, MI, USA. 2Novartis Institutes for 
BioMedical Research, Cambridge, MA, USA

Abstract

Introduction: Breeding paradigms for laboratory mice may result 
in higher density housing, negatively impacting environmental 
conditions.  Current regulations provide no minimal cage change 
frequency but do suggest performance standards to guide 
decision making. The goal of this study was to generate data-driven 
breeding cage change practices to ensure optimal environmental 
health conditions. Experimental Design: For 6 weeks, trio and pair 
bred CD1 mice in ventilated or static housing were monitored daily 
for environmental parameters and clinical assessments. At weaning, 
tissues from offspring were collected for histopathology. Methods: For 
environmental health assessments, ammonia, CO2, relative humidity 
and temperature, cage wetness and nesting, breeding parameters and 
clinical health were assessed daily. For histopathology, the nasal cavity 
was trimmed according to the RITA guidelines. Results: With increased 
housing density and decreased ventilation, significant increases in 
ammonia and CO2 were observed over time in static pair, trio, and 
ventilated trio housing above accepted threshold limits based on 
human exposures.  Respiratory signs and significant nasal pathology 
(inflammation, degeneration/necrosis of respiratory and olfactory 
epithelium, turbinate lysis) were observed with increasing severity. 
Conclusion: Increased housing density and static caging resulted in 
significant nasal pathology in weanling mice. Based on this data, static 
cages should be changed every 3 days, ventilated trio cages every 7 
days, and ventilated pair cages every 14 days to maintain reasonable 
environmental conditions. Impact statement: This research informs on 
optimal cage change conditions for breeding mice to prevent adverse 
environmental conditions which may negatively impact animal health 
and research endpoints.

P083
A Fast Screening Tool for the Early Indicator Phase of Sexual 
Development in Birds: Histopathological Evaluation of Avian 
Gonads from Chicks Exposed in Ovo
Maike Huisinga1, Burkhard Flick1, Nicole Kreling1, Lennart Weltje1, Katharina 
Ott1, Luzie Jessl2, Jessica Scheider2, Sibylle Groeters1, Bennard van Ravenzwaay1  
1BASF SE, Ludwigshafen, Germany. 2Goethe University, Frankfurt/
Main, Germany

Abstract

Introduction: In support of the 3Rs concept regarding animal testing 
at BASF SE, an alternative method investigating endocrine-mediated 
endpoints during early sexual development in birds was developed: 
An exposure-dependent shift in steroid hormones during sexual 
differentiation might lead to phenotypic sex reversal, which is utilized 
by this assay. Experimental Design: We adapted the assay, described 
in literature, to stay within the limits of non-animal testing regulations 
and developed an evaluation scheme for histopathological staging of 
sex reversal, using the potent aromatase inhibitor fadrozole (0.01, 0.03, 
0.1, 0.3, 1.0 mg/egg) as a positive control. Methods: Fertilized chicken 
eggs were injected 1 day after incubation and were necropsied on day 
19 of incubation. The genetic sex was determined by PCR. Gonads were 
fixed in modified Davidson’s solution. Histopathological evaluation 
was performed on H&E-stained step-sections. Normal gonads were 
diagnosed as testes in males and as left ovary and rudimentary right 
ovary in females. The different stages of sex reversal in females were 
categorized as ovotestis grade 1 to 4, depending on the proportion of 
testicular transformation of ovaries in fadrozole-treated eggs. Results: 
Histopathologically, ovotestis were detected in all females up to a dose 
of 0.03 mg/egg. Ovotestis were not observed in controls. Conclusion: 
The histopathological evaluation of chick gonads is a suitable method 
to evaluate endocrine-mediated endpoints during sexual development 
of birds. Impact statement: Based upon our evaluation this approach 
represents an interesting alternative method for animal testing in early 
screening.
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P084
Development of a Liver Cirrhosis Model in Minipigs by Hepatic 
Ethanol Perfusion
Tao Chen1, Xingyan Lu2, Prasanna Malaviya2, Ryan Meng1, Helen Han Hsu1  
1Johnson & Johnson, Janssen (China) R&D Center, Non-Clinical Safety, 
Shanghai, China. 2Johnson & Johnson, Ethicon & DePuy Syn R&D, 
Shanghai, China

Abstract

Introduction: Cirrhosis is the most common end stage liver disease 
which possesses high relevance to liver cancer. However, the lack 
of reliable large animal model restricted the research on disease 
development, intervention and surgical improvement. In this study, 
we aimed to develop a reliable liver cirrhosis model in minipigs using 
minimally invasive approach for a repeatable regimen. Experimental 
design: 14 minipigs were planned to perfuse with ethanol 4 times at 
2- to 3-month intervals and necropsied at up to 44 weeks of the study to 
confirm the success of the model development. Method: 80% ethanol 
was used to perform the perfusion via hepatic artery. Blood samples 
were collected at regular intervals for biochemistry and hematology 
analysis. Liver samples were taken at necropsy and processed as 
routine procedure for H&E and Picrosirius red staining. Result: 4 cases 
of unscheduled death occurred during the study. All pigs developed 
hepatocirrhosis with more than 3 times of perfusion. Macroscopically, the 
shrinkage of pale liver lobes was noted and correlated microscopically 
with fibrosis and pseudo-lobulation. Meanwhile, transient elevation of 
ALT, AST, TBil, D-Bil and WBC (neutrophil dominantly) for 1 to 5 weeks 
duration emerged after each perfusion, which were considered as the 
result of ethanol induced acute injury. In addition, a steady minimally 
increased monocyte was noted during the study and was likely relate to 
the clearance response in pigs. Conclusion: The minipig hepatocirrhosis 
model was well established, and the interventional approach might 
be applicable to other large animals. Impact statement: The ethanol 
perfusion induced hepatocirrhosis on minipigs provided an additional 
choice for animal model selection, especially for those studies require 
large animal species.

P085
A Comparative Immunohistochemical Investigation of 
Pancreatic Langerhans’s Islet Endocrine Cell Composition and 
Distribution
Jing Ying Ma1, Calvert Louden2, Vinicius Carreira 1  
1Janssen Research & Development, L.L.C., San Diego, CA, USA. 2Janssen 
Research & Development, L.L.C., Spring House, PA, USA

Abstract

Objectives: The objective of this study was to characterize the 
Langerhans’s islet endocrine cell composition and distribution across 
nonclinical species and humans, to contextualize morphological 
changes to these populations that may manifest differentially across 
species. Experimental Design: Formalin-fixed and paraffin-embedded 
pancreatic tissue from healthy naïve human, cyno-monkey (NHP), dog, 
guinea pig, rat and mouse were immunostained with insulin, glucagon, 
pancreatic polypeptide (PP) and somatostatin (SST), and H&E. Results: 
Across species, islet cells that expressed insulin (ß-cells) were the most 
abundant cell type and were diffusely distributed within each island, 
with the highest density of these cells in the mouse pancreas. The 
glucagon (α-cells) and SST (γ-cells) had a distinct peripheral distribution 
at the outer edges of the islands of mouse and rat, in contrast with a 
scattered pattern throughout the islands of the human, NHP, and dog 
pancreas. SST-expressing cells were relatively more abundant in the 
human, NHP, and dog relative to other species. Across all species, the 
PP (δ-cells) were the least abundant cell type with a scattered pattern 
throughout the islands. Conclusion: The distribution and composition 
of α-, ß-, γ-, δ-cells in the Langerhans’s islet, as detected by their major 
hormone products, varies significantly across species, with the dog 
and NHP being the overall most similar to human.  Impact statement: 
Knowledge of the Langerhans’s islet cell composition and distribution 
across nonclinical species, and how each relate to humans, is essential 
to our understanding of the mechanisms underlying phenotypic 
changes as part of pancreatic endocrine-related efficacy and safety.

P086
Sampling of Peripheral Neural Tissues from Various 
Preclinical Species
Benjamin Martin, Kevin Billings, Alok Sharma 
Covance Laboratories, Madison, WI, USA

Abstract

Characterization of peripheral neurological deficits that occur 
in preclinical species due to test article administration requires 
comprehensive evaluation of different components of the peripheral 
nervous system (PNS). Sampling of certain structures, such as autonomic 
ganglia, can be challenging, especially from perfused animals. Therefore, 
specialized processes and techniques are needed to facilitate the 
sampling and processing of these neural tissues in addition to other 
standard tissues. Four animals from each of the commonly used species 
(mouse, rat, dog, and cynomolgus monkey) were used to demonstrate 
the feasibility of specialized neural tissue collections. All animals were 
humanely euthanized, exsanguinated via perfusion or severing of the 
inferior vena cava, and stored in 4% paraformaldehyde. Spinal cords 
with intact dorsal roots and ganglia, cranial cervical and stellate ganglia, 
and peripheral nerves (sural, tibial and sciatic) were collected from all 
animals and processed to slides. Tissues were evaluated microscopically 
by a board certified anatomic pathologist. No remarkable collection 
or processing artifacts were present in the PNS tissues examined. This 
poster will demonstrate how some of the challenges were overcome in 
order to provide high quality sections which facilitate evaluation of the 
effects of a test article on the PNS in common laboratory species.
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P087
Spontaneous Vascular Findings in the Papillary Muscles of 
Purpose-Bred Beagle Dogs
Rebecca Kohnken, Angella Weber, Scott Mittelstadt 
AbbVie, North Chicago, IL, USA

Abstract

Introduction: Typical pathology evaluation for toxicity studies in 
dogs includes examination of a section of the anterior papillary 
muscle (PM). Due to comparatively limited coronary vascular supply 
of the posterior muscle, we sought to determine if there is higher 
incidence of spontaneous coronary vascular findings in the posterior 
PM as compared to the anterior PM in purpose-bred beagle dogs. 
Experimental Design: The hearts of 18 vehicle-treated or untreated 
dogs approximately 1 year-old were collected immediately following 
euthanasia and fixed in 10% neutral buffered formalin.   Tissue was 
sectioned to include anterior and posterior PMs of the left ventricle, 
in addition to standard sections of the heart. Tissue was stained with 
hematoxylin and eosin (HE), and Verhoff van Gieson (VVG). Methods: 
Heart sections were examined by a veterinary pathologist. A semi-
quantitative score was assigned to each HE section of PM for coronary 
arteries characterized by vascular medial hypertrophy, degeneration, 
and/or sclerosis. Each VVG section was similarly scored for disruption 
or loss of the internal elastic lamina, intimal fibroplasia, and/or collagen 
within the vascular media. Summation scores for the anterior and 
posterior PMs were compared. Results: The posterior PM contained 
significantly greater incidence of intramural coronary arteries affected 
by vascular remodeling on HE (3.9±1.2 vs 2.5±1.2 for anterior PM, 
p=0.001) and on VVG (5.7±1.3 vs 3.9±0.9, p=0.0001). Conclusion: The 
vasculature of the posterior PM is significantly more remodeled when 
compared to the anterior PM. Impact statement: This finding raises 
the possibility that the posterior PM is more sensitive to hemodynamic-
induced changes in dogs.

P088
Pathological Characterization of Gastrointestinal Toxicities in 
Tumor-Bearing Nude Mouse Model with a Novel Small Molecule 
Inhibitor of BRM/BRG1
Rie Kikkawa1, Valérie Dubost2, Zainab Jagani3, Hyo-Eun Bhang3, François Huet3, 
Robert Johnson1  
1Novartis Institutes for BioMedical Research, East Hanover, NJ, USA. 
2Novartis Institutes for BioMedical Research, Basel, Switzerland. 3Novartis 
Institutes for BioMedical Research, Cambridge, MA, USA

Abstract

BRM/BRG1 is an epigenetic target involved in SWI/SNF chromatin 
remodeling complexes as ATPase. Dysregulation of BRM/BRG1 
associated with oncogenesis of many cancers. We recently have 
discovered novel small molecule inhibitors of BRM/BRG1 that have 
efficacy to suppress cancer cell line xenografts in vivo. However, this 
was accompanied by body weight loss. The group was terminated on 
Day 13 of daily dosing. Microscopically, gastrointestinal changes were 
identified as dose-limiting toxicity. The changes were characterized 
by loss of discrete crypt structure in the intestine. The villi were 
blunt and irregularly shaped with fusions, lined by attenuated to 
hyperplastic mucosal epithelial cells or cells with degeneration and 
single cell necrosis. In some animals, disorganized crypt was comprised 
of increased numbers of relatively immature cells (e.g., increased 
cytoplasmic basophilia with large round nuclei, and decreased number 
of goblet cells). Immunohistochemistry investigation revealed that 
there was no change in proliferation index marker but there was 
decreases in stem cell marker expression. These evidences indicated 
that maturation arrest during intestinal epithelial turnover were 
associated with observed intestinal toxicity and it was unlikely that 
enhanced regenerations followed by epithelial degeneration/necrosis 
was associated with observed epithelial basophilia. These pathological 
features were consistent with those in BRM/BRG1 KO mouse model. 
Together, these results potentially revealed the underlying basis of 
the gastrointestinal changes. While we cannot completely rule out 
scaffold related off-target effects, potentially inform concerns of on-
target toxicity associated with BRM/BRG1 small molecule inhibition. 
To our knowledge, this is the first report of small molecule BRM/BRG1 
inhibitor-induced gastrointestinal toxicity.
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P089
Immunohistochemical Characterization of Oxidative Stress in 
Lung of Rats Exposed to Humidifier Disinfectant, PHMG∙HCl
Yong-Hoon Lee, Hyogeun Cha 
Pathology Department, Inhalation Toxicity Research Center, Occupational 
Safety and Health Research Institute, Daejeon, Republic of Korea

Abstract

Introduction: Polyhexamethylene guandine (PHMG) was widely 
used as an antimicrobial additive in humidifier disinfectants as well as 
shampoos and wet wipes in Korea. Epidemiological studies reported 
that an outbreak of pulmonary disease with unknown cause, which 
pregnant women and children died from, was involved in PHMG∙P, 
the main ingredient of humidifier disinfectants. Because there is 
still a lack of information on the mechanism of toxicity of PHMG∙HCl, 
another derivate of PHMG, this study aimed to characterize the 
oxidative stress of PHMG∙HCl in the lung of rats in 13-week repeated 
inhalation toxicity study. Experimental design and methods: Male 
F344 rats were exposed to 0, 0.13, 0.40, or 1.20 mg/m3 of PHMG∙HCl 
for 13 weeks via whole-body inhalation. Histopathological examination 
and immunohistochemistry for 4-HNE, oxidative stress marker, were 
conducted in the lung of rats. The number of 4-HNE positive cells was 
analyzed by Image J. Results: In histopathological examination, lung 
lesions including fibrosis, inflammatory cell infiltration, detachment 
of bronchial/bronchiolar epithelium, bronchiolar-alveolar hyperplasia, 
squamous metaplasia, bronchial/bronchiolar/alveolar exudate, 
alveolar hemorrhage, and alveolar necrosis with inflammation were 
observed in 0.40 and 1.20 mg/m3 groups. In immunohistochemistry, 
4-HNE was expressed in the epithelium of bronchiole, mainly clara 
cells and macrophages and fibroblasts in the fibrosis. The number of 
4-HNE positive cells significantly increased in dose-dependent manner. 
Conclusion: PHMG∙HCl induces oxidative stress, which could cause 
tissue injury and inflammation in the lung of rats. Impact statement: 
Based on our results, this experiment is the first study that oxidative 
stress of PHMG is immunohistochemically proved.

P090
Strain Susceptibility Differences: Evaluating Moribund Status, 
Histopathology and Serum Biomarkers of Cardiac Injury in Three 
Mouse Strains
Eui Jae Sung1, Susan Borghoff2, Abraham Nyska3, June Dunnick1, 
Gregory Travlos1  
1NIEHS, Research Triangle Park, NC, USA. 2ToxStrategies, Research Triangle 
Park, NC, USA. 3Tel Aviv University, Timrat, Israel

Abstract

Introduction: Identification of cardiotoxic environmental hazard 
utilizing mouse models is important but challenging since the 
susceptibility to toxicants may differ depending on the strain used. 
We evaluated differential cardiotoxicity in three mouse strains with 
two cardiotoxins. Experimental Design: Mice (15mice/strain/dose/
chemical) were administered CEM at 0,50,100,150,200 or 300mg/kg or 
mixtures of ephedrine/caffeine at 0/0,12.5/30,25/30,50/30,100/30 or 
200/30mg/kg, once a day, for three days. Methods: We administered 
two cardiotoxins (bis(2-chloroethoxy)methane (CEM) and ephedrine/
caffeine) to three mouse strains (B6C3F1/J, C3H/HeJ and C57BL/6J) 
and sacrificed the animals at day one, three and ten and evaluated 
serum biomarkers (tropoinin I and T, Myosin light chain-3) and heart 
histopathology. Animals demonstrating clinical signs of toxicity, 
had blood collected and were sacrificed at the time of observation 
and counted as moribund. Results: Mice administered CEM only 
demonstrated moribundity and histopathological lesions. Mice 
administered a single CEM dose of 300 mg/kg caused mild myocardial 
vacuolation in 60%, 40% and 80% in B6C3F1, C3H/HeJ and C57BL/6J, 
respectively. Further, in all three strains, biomarker concentrations from 
moribund were much higher than those of non-moribund mice. Serum 
TnI and Myl3 concentration showed a positive trend to both CEM and 
ephedrine/caffeine. Conclusion: The C3H/HeJ strain was more resistant 
to CEM-related decreases in survival and cardiotoxic lesions compared 
to C57BL/6J and B6C3F1/J mice. Furthermore, serum TnI and Myl3 was 
useful to determine cardiotoxicity, particularly when histopathological 
lesions were not present. Impact statement: There was an substantial 
susceptibility difference among mouse strains upon cardiotoxic insults.
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P091
Toxicity of Legacy and Emerging Brominated Flame Retardants 
after Five-Day Exposure in the Rat
J. Dunnick, M. Cora, D. Malarkey, M. Vallant, B. Collins, E. Mutlu, V. Robinson, 
K. Shockley 
NIEHS, Research Triangle Park, NC, USA

Abstract

Introduction: The use of flame retardants in consumer products was 
stimulated by fire safety regulations in the last half of the 20th century, 
and brominated aromatic compounds are commonly used.  Here we 
compared the toxicity of three legacy* and six emerging** brominated 
flame retardants. Experimental Design: Toxicity of the 9 flame 
retardants was evaluated in the male SD rat after five days of exposure at 
0.1 – 1000 mmol/kg body weight/day/chemical by oral gavage in corn 
oil.  Methods: The left hepatic lobe was collected for histopathology 
and for transcriptomic analysis using Affymetrix Rat Genome 
230 2.0 Arrays.  Thyroxine (T4) serum levels were determined by 
radioimmunoassay. Results: Liver lesions (hepatocellular cytoplasmic 
alterations and/or hyperplasia) were seen only after PBDE-47, HBCD, 
or HCDBCO exposure.  T4 serum levels were reduced and liver weight 
increased to the greatest extent after PBDE-47 exposure. The number of 
significant liver transcript changes was greatest after PBDE-47 exposure, 
and only PBDE-47 exposure upregulated the Nrf2 antioxidant pathway, 
an indicator of oxidative damage. Changes in liver toxicogenomic 
patterns included upregulation of metabolic pathways after PBDE-47, 
decaBDE, or HBCD.  For the other emerging flame retardants (TBB, TBPH, 
TBBPA-DBPE, BTBPE, DBDPE, or HCDBCO) there were very few liver 
transcript changes noted even at the highest dose tested.  Conclusion: 
After 5-days of exposure, PBDE-47 caused the most hepatic transcript 
changes of the 9 flame retardants tested.   Impact statement: Data 
from this study can be used in preliminary risk assessment for the flame 
retardants tested, and guide the need for future toxicology studies.  

P092
Proposed Molecular Mechanism of Drug-Induced Goblet Cell 
Hyperplasia in the Small Intestines in Göttingen Minipigs
Marielle Odin, Marion Richardson, Nicolas Giroud, Isabelle Wells, Solveig 
Badillo, Tobias Bergauer 
Roche Pharma Early Research & Development, Roche Innovation Center 
Basel, Basel, Switzerland

Abstract

Introduction Goblet cell hyperplasia was observed in the small 
intestines of minipigs daily dosed for 4 weeks with Compound A, a 
small molecule candidate for Alzheimer disease indication. Although 
targeting gamma secretase, Compound A is not an inhibitor of gamma 
secretase activity nor does Compound A interact with Notch receptor. 
Based upon the nature of the change, we hypothesized that Compound 
A administration led to alterations in downstream Notch-signaling 
pathways. Objectives 1 - establish the full transcriptomic profile of 
the minipig small intestines; 2- investigate potential changes in notch- 
and 3- other signaling pathways. Methods Sections of small intestines 
were obtained from formalin-fixed paraffin-embedded tissue blocks (4 
animals/sex/group; Vehicle- and Treatment-group; 4-week standard GLP 
study). The epithelium of the crypt and villi respectively, was isolated by 
Laser Capture Microdissection according to a randomization scheme. 
Following RNA extraction and library preparation, RNA sequencing 
was done using smart-seq technology. Results 1- Tissue signature 
correlated with histopathology 2- Downstream Notch-signaling 
pathways were affected in treatment-group samples 3- Other affected 
signaling pathways corresponded to physiopathological responses. 
Conclusion The transcriptomic profile of the minipig small intestines 
was established; the investigation was considered appropriate despite 
repeat dosing, based upon the turnover rate in small intestines (pilot), 
and enabled a molecular pathogenesis proposal. The primary site of 
interaction of Compound A with Notch signaling pathways is yet to 
be determined. Impact Statement Molecular pathology investigation 
using laser capture microdissection and RNA sequencing proved 
the value of combining genomic data and histopathology to bring 
molecular understanding of drug-induced changes.
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P093
Hypertrophy in the Pituitary Gland Pars Distalis in National 
Toxicology Program Studies Arising via Different Mechanisms
Cynthia Willson1, Kyathanahalli Janardhan1, Anika Dzierlenga2, Cynthia 
Shackelford3, Gabrielle Willson3, Anthony Skowronek4, Heather Jensen5, 
Natasha Clayton5, Mark Cesta2 
1Integrated Laboratory Systems, Inc., Research Triangle Park, NC, USA. 
2Division of the National Toxicology Program, NIEHS, Research Triangle Park, 
NC, USA. 3Experimental Pathology Laboratories, Research Triangle Park, NC, 
USA. 4Battelle Memorial Institute, Columbus, OH, USA. 5NIEHS, Research 
Triangle Park, NC, USA

Abstract

Introduction/Objectives: Two NTP studies used different diagnostic 
terminology, but had seemingly morphologically similar pituitary 
lesions in the pars distalis of the pituitary gland. The objective of this 
work is to discuss terminology and potential pathogeneses for similar 
pituitary lesions in two different NTP studies. Experimental Design: 
In the first study, rats were exposed to a phthalate in dosed feed for 
two years at four concentrations, including perinatal exposure. In the 
second study, rats were exposed to ethylene thiourea in dosed feed for 
13 weeks at five concentrations. Results: In the phthalate study, 29/50 
animals in the highest dose group were diagnosed with hypertrophy 
of the pars distalis. Other targets were in the male reproductive system, 
including testicular atrophy. In the ethylene thiourea study, 6/10, 7/10, 
and 10/10 animals in the 250, 500, and 750 ppm dose groups were 
diagnosed with cellular vacuolization of the pars distalis. Another target 
was the thyroid gland, with follicular cell hyperplasia and adenomas. 
Affected cells in the pituitary gland from the two studies were similarly 
enlarged and vacuolated, and were consistent with “gonadectomy” or 

“thyroidectomy” cells. However, the lesions represent different pathway 
disruptions. Conclusion/Impact Statement: Different modes of 
action can result in the similar lesion of hypertrophy and vacuolation 
of endocrine cells of the pituitary pars distalis. These pituicyte lesions 
provide evidence for systemic disruption of regulatory pathways of 
the hypothalamus-pituitary axis when either endocrine organs or 
reproductive organs are direct targets of toxicity.

P094
Comparison of Decalcification Methods for Osseous Tissue in 
Rodent Preclinical Toxicology Studies
Catherine Picut1, Paul Howroyd2, Shambhunath Choudhary3, Regina Parker1, 
Jaquelin Jolette4, David Weil1  
1Charles River Laboratories, Durham, NC, USA. 2Charles River Laboratories, 
Edinburgh, Scotland, United Kingdom. 3Charles River Laboratories, 
Spencerville, OH, USA. 4Charles River Laboratories, Senneville, QC, Canada

Abstract

Introduction/Objectives: Decalcification is needed for histological 
examination of the bone and bone marrow tissues in rodents. An ideal 
method would also preserve cellular morphology and antigenicity for 
possible immunohistochemistry (IHC) and require a relatively short 
time frame. Experimental Design: Femurs (with joints) and sternums 
from rats were fixed in 10% neutral buffered formalin for at least 48 
hours, routinely trimmed, and then exposed to 13 different decalcifying 
solutions.  After allowing adequate decalcification times, serial sections 
from these tissues were prepared, and stained with either hematoxylin 
& eosin (H&E) or by IHC for Ki67.  Methods: One pathologist scored 
the different slides for microscopic tissue morphology and a second 
pathologist scored quality of immunohistochemical staining suitable 
for image analysis. Results:  For histopathology, 22% buffered formic 
acid and 6% ethylene-diamine-tetraacetic acid (EDTA) were best for 
preserving cellular morphology; EDTA in dilute hydrochloric acid (HCL) 
solution was second best; formic acid resulted in good quality, but others, 
including nitric acid (5%), proved inadequate.  For IHC, dilute (12-29%) 
formic acid solutions were ideal, and those containing hydrochloric 
acid (HCL) and 5% nitric acid were inadequate.  Conclusion: Overall, 
22% formic acid buffered with sodium citrate provided the best quality 
slides for both H&E and IHC staining of bone and bone marrow in 
rodents, and had the added benefit of involving a reasonably short 
(6-56 hours) decalcification time.   Impact Statement: Selection of 
a decalcification procedure that can be done in a timely manner yet 
produce good quality microscopic and immunohistochemical results 
can facilitate the evaluation of osseous tissues in rodent preclinical 
toxicology studies.
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P095
Serum ADAMTS13 Levels in Göttingen Minipigs with Thrombotic 
Thrombocytopenia Purpura Are Not Different Than Their 
Unaffected Parents
Kelly Beal1, Michael Janech1, Kris Helke2, Nicole Navratil3 
1Department of Biology, College of Charleston, Charleston, SC, USA. 
2Department of Comparative Medicine, Medical University of South 
Carolina, Charleston, SC, USA. 3Marshall BioResources, North Rose, NY, USA

Abstract

Introduction: Thrombotic thrombocytopenia purpura (TTP) results in 
microvascular thrombosis that increases the risk of ischemic vascular 
disease. The incidence of TTP in Gottingen Minipigs for the last five years 
is 0.1%. Typically parents and other genetic relatives do not display any 
clinical signs of TTP, and the etiology remains unknown. The objective 
of this study was to determine whether serum ADAMTS13 levels were 
lower in offspring that display clinical signs of TTP compared with 
their asymptomatic parents. Experimental Design: ADAMTS13 was 
measured in three groups of pigs: 1) offspring minipigs with TTP (TTP+; 
N=6); parental minipigs without TTP (TTP-; N=14); and Yorkshire pigs 
without TTP (N=6). Serum versus plasma was also compared. Methods:  
Serum or plasma ADAMTS13 was measured using an ELISA assay 
(BlueGene, E07A0734) in samples diluted 1:2. Results: Mean±SD 
ADAMTS13 concentration in: TTP+ was 855±143pg/mL; TTP- was 
780±178pg/mL; Yorkshire pigs without TTP was 1288±326pg/mL. 
There was no difference between TTP- versus TTP+ (P=0.38). Compared 
to all minipigs in this study, Yorkshire pigs had a 58% higher mean 
concentration of ADAMTS13. There was no difference between serum 
or plasma values. Conclusion: ADAMTS13 levels were not lower in TTP- 
compared to the parents without TTP, suggesting the TTP phenotype in 
offspring cannot simply be attributed to a lack of ADAMTS13. Minipigs 
in general have a lower concentration of ADAMTS13 compared to 
Yorkshire pigs. Impact statement: It remains to be seen whether 
ADAMTS13 activity is lower in minipigs with TTP compared to their 
parents. Both activity and mutation analyses are warranted.

P096
Combined Repeated Dose Toxicity Study with the 
Reproduction and Developmental Toxicity Screening Test of 
Perfluoroheptanoic Acid (PFHpA) in Sprague-Dawley Rats
Sang Yun Kim, Wan-Jung Im, Wook-Joon Yu, Jinsoo Lee, Ji-Seong Jeong, Jeong-
Dong Park, Sumi Jang, Ji-Seok Han, Yong-Bum Kim, Byoung-Seok Lee 
Korea Institute of Toxicology, Dae-Jeon, Republic of Korea

Abstract

Introduction: Perfluoroheptanoic acid (PFHpA) is a 7-carbon-chain 
perfluoroalkyl substance. Although PFHpA is notably persistent in the 
environment, only limited data are available for hazard assessment. 
This study was conducted to investigate general toxic manifestations 
and to screen potential effects on reproduction/development of 
PFHpA. Experimental Design: PFHpA in the distilled water was 
administrated orally by gavage to Sprague-Dawley (SD) rats (12 males 
and 12 females per group) at the dose levels of 0, 20, 60 and 180 mg/kg/
day. Dosing period was approximately 7 weeks including pre-mating, 
mating, gestation and lactation period. Methods: In-life observations 
and measurements, and terminal procedures were conducted in 
accordance with OECD Test Guideline No. 422. Results: As dead or 
moribund females were observed at 180 mg/kg, consequent animal 
replacement, lowering the highest dose from 180 to 100 mg/kg and 
transient withdrawal of dosing were performed. Other PFHpA dosing-
related changes observed in this study were as follow; renal tubular 
dilation/basophilia in females; elevated BUN in both sexes; increased 
renal and hepatic weight in males; hepatocellular hypertrophy and 
necrosis in males; elevated ALT and AST in males; reduction in red 
blood cell and leukocyte values in males; reduction in serum total T4 
in males. Conclusion: Among PFHpA related changes listed above, 
histopathologic changes on liver and kidney are considered to be 
toxicologically significant considering kinetic profiles of humans and 
rats and human exposure scenario. Impact statement: Data obtained 
from this study will provide information on dose level and endpoint 
selection for further long-term toxicity studies.
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P097
The National Toxicology Program’s Approach for the Systematic 
Evaluation of the Application of Zebrafish in Toxicology (SEAZIT)
Kristen Ryan1, Jon Hamm2, Patricia Ceger2, Anne Thessen3, Skyler Marvel4, 
Ainhoa Alzualde5, Arantza Muriana5, David Reif4, Robert Tanguay3, Melissa 
Haendel3, Lisa Troung3, Elizabeth Maull1, Nigel Walker1  
1NTP/NIEHS, Research Triangle Park, NC, USA. 2ILS, Research Triangle Park, 
NC, USA. 3Oregon State University, Corvallis, OR, USA. 4North Carolina State 
University, Raleigh, NC, USA. 5Biobide, Cambridge, MA, USA

Abstract

Introduction: The US National Toxicology Program (NTP) aims to 
better understand the utility of zebrafish for screening, prioritizing, 
or predicting toxicity. However, challenges exist which hinder the 
broader adoption of the zebrafish model in toxicology. These obstacles 
include the lack of harmonized experimental approaches and 
inconsistent informatics approaches used to classify adverse outcomes. 
Experimental Design/Method: SEAZIT arranged a 2017 workshop to 
identify sources of variability in toxic responses when using embryonic 
zebrafish to assess developmental toxicity. One major concern identified 
was the discordant use of definitions for classifying malformations 
(adverse phenotypes) in fish which hinders comparison of results 
across datasets. Therefore, SEAZIT collected zebrafish data generated in 
three laboratories which tested a set of 91 chemicals in dose response. 
Each lab provided individual phenotype data, phenotype definitions, 
and toxicity values for all chemicals. Ontology mapping was applied to 
compare results across labs and connect them to potentially associated 
genes and disease states mined from multiple databases. Results: 
Preliminary data suggests that although laboratories differentially 
categorize adverse phenotypes, expert review and coordination can 
lead to data harmonization. This critical step allowed for accurate 
ontology mapping of the most common phenotypes observed across 
chemical classes as well as the identification of candidate genes for 
future mechanistic studies and to relate zebrafish findings with human 
outcomes following chemical exposure. Conclusions: These efforts 
should lead to more reproducible interpretation of data. The use of 
ontologies and data mapping is expanding the information that can 
be associated with phenotypic changes following chemical exposures.

P098
Qualitative and Quantitative Neuropathology Approaches 
Using Magnetic Resonance Microscopy and Stereology in 
a Hexachlorophene Model of Myelinopathy in Sprague-
Dawley Rats
Robert Sills1, Allan Johnson2, Robert Anderson2, Crystal Johnson3, Michael 
Staup3, Danielle Brown3, Jesse Cushman1, Sheba Churchill3, David Kurtz1, 
Suramya Waidyanatha1, Veronica Godfrey1, Mark Cesta1, Mamta Behl1, 
Peter Little4 
1NIEHS, Research Triangle Park, NC, USA. 2Duke University School of 
Medicine, Durham, NC, USA. 3Charles River Laboratories, Durham, NC, USA. 
4Experimental Pathology Laboratories, Research Triangle Park, NC, USA

Abstract

Introduction: It is well established that hexachlorophene which is 
used as an antibacterial agent causes intramyelinic edema in humans 
and animal models. The objective of this study was to assess the 
morphological findings using quantitative approaches by magnetic 
resonance microscopy (MRM) and stereology. Methods: The 
hexachlorophene myelinopathy model, where male Sprague Dawley 
rats received 25-30 mg/kg hexachlorophene by gavage for up to 4 days, 
provided an opportunity for comparing traditional neuropathology 
evaluations with magnetic resonance microscopy (MRM) findings. In 
addition, stereology assessments of 3 neuroanatomical sites were 
compared to quantitative measurements of 26 neuroanatomical sites 
provided by MRM in the intact brain. Results: There were positive 
correlations between H&E and Luxol fast blue stains and MRM for 
identifying intramyelinic edema in the cingulum of corpus callosum, optic 
chiasm, anterior commissure, lateral olfactory tracts, pyramidal tracts 
and white matter tracts in the cerebellum. Stereology assessments were 
focused on the anterior commissure, longitudinal fasciculus of the pons 
and pyramidal tracts, and demonstrated differences between control 
and treated rats, as was observed using MRM. The added value of MRM 
assessments was the ability to acquire qualitative three-dimensional 
images and obtain quantitative measurements of intramyelinic edema 
in 26 neuroanatomical sites in the intact brain. Conclusions: This study 
demonstrates creative strategies that are possible using qualitative and 
quantitative assessments of potential white matter neurotoxicants in 
nonclinical toxicity studies. Impact statement: Our study underscore 
the benefits of providing quantitative neuropathology assessments in 
conjunction with traditional light microscopy evaluations.
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P099
Histologic Lesions Associated with Subcutaneous Injection in 
Control Sprague-Dawley Rats
Sarah Coe1, Sandra Lee2, Keith Nelson2 
1Michigan State University, Lansing, MI, USA. 2Charles River Laboratories, 
Mattawan, MI, USA

Abstract

Introduction/objectives: In subcutaneous injection toxicity studies, 
documentation of localized effects is important. Differentiating toxic 
findings from those secondary to injection trauma is equally important. 
The goal of this study is to characterize the lesions commonly found 
in control rats undergoing subcutaneous injections to facilitate proper 
characterization of test article-related effects. Experimental design/
methods: Archived data from 1885 control Sprague-Dawley rats (991 
male and 894 female) used in a range of subcutaneous injection studies 
were reviewed and the frequency of histologic lesions determined. A 
Pearson’s correlation coefficient was calculated to assess correlation 
between the number of injections and the presence of certain 
findings. Results: Common microscopic findings included subacute 
inflammation (22.39%). fibrosis (21.06%), epidermal hyperplasia 
(9.92%), cysts (6.90%), and hemorrhage (6.10%). These are commonly 
seen at minimal to mild severity and rarely at moderate severity. There is 
a significant positive correlation between the number of injections and 
findings of fibrosis and hemorrhage (p<0.05). Conclusion: Cysts, fibrosis, 
hemorrhage, epidermal hyperplasia, and subacute inflammation 
are commonly seen with subcutaneous injection in control animals 
and caution should be taken in assigning these as test article effects, 
particularly at minimal to mild severity. Increased numbers of injections 
are positively correlated with findings of hemorrhage and fibrosis 
at the injection site. Impact statement: This study adds accuracy in 
interpreting potential toxic effects by providing a comprehensive list of 
findings seen in control rats undergoing subcutaneous injections and 
correlating specific findings with the number of injections.

P100
Histotechnical Procedure and Morphological Assessment of 
Sinoatrial Node in the Göttingen Minipig Heart
Rosa Anna Manno1, Raffaella Capobianco1, Andrea Grassetti1, Patrizia 
Cristofori2 
1RTC, Pomezia, Italy. 2GSK, Ware, United Kingdom

Abstract

Introduction: Porcine models have become increasingly popular 
in cardiovascular research. Also Göttingen minipigs share similar 
cardiovascular pathophysiology with humans and can be used in 
preclinical studies to assess cardiotoxicity. Routinely, histopathological 
examination of the heart of animals from toxicity studies is commonly 
directed to evaluate atria, ventricles, septum, papillary muscles, 
valves, endocardium, and epicardium. Morphological assessment of 
the myocardial conduction tissue is not specifically addressed in the 
routine histopathological examination. The objective of our study 
was to establish a technique to facilitate the production of routine 
histological sections showing specifically an appropriate area of 
the sinoatrial node (SAN) in the Göttingen minipig. Methods: The 
tissue blocks of the sinoatrial node and atrioventricular conduction 
tissue of from five hearts were prepared for histological investigation 
by staining with HE and Masson’s trichrome stains. Results: The cardiac 
conduction tissues were clearly distinguishable from the surrounding 
cardiac myocardium and connective tissue. The tissue sections stained 
with Masson’s trichrome distinctly differentiated that the cardiac 
myocytes, connective tissue and cardiac conduction tissue were red, 
blue and pink, respectively. Concusion: Knowledge of the specialized 
myocardium morphology can help in the evaluation of cardiotoxic 
potential of new drug candidates jointly with biochemical markers and 
electrocardiogram changes.
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P101
Characterization of Hyperplasia of the Epithelium Lining the 
Renal Papilla of Rats
Kyathanahalli Janardhan1, Gabrielle Scales2, Ashley DeLeon3, Ramesh Kovi4, 
Arun Pandiri3, Heather Jensen3, Norris Flagler3, Karen Cimon4, Ron Herbert3, 
Natasha Clayton3, Keith Shockley5, Robert Sills3 
1ILS Inc., Research Triangle Park, NC, USA. 2Durham School of the Arts, 
Durham, NC, USA. 3Cellular and Molecular Pathology Branch, National 
Toxicology Program, NIEHS, Research Triangle Park, NC, USA. 4EPL, Inc., 
Research Triangle Park, NC, USA. 5Biostatistics & Computational Biology 
Branch, NIEHS, Research Triangle Park, NC, USA

Abstract

Introduction: A recent publication suggests that the terminology 
“epithelial hyperplasia of renal papilla” or “urothelial hyperplasia of 
renal papilla” be changed to “vesicular alteration of papilla lining” 
based on the absence of Ki67 (proliferation marker) and uroplakin 
(urothelial marker) staining. Since the nomenclature of lesions plays 
a key role in the decision-making process of regulatory agencies, a 
detailed understanding of such lesions is important. The objective of 
this investigation was to characterize these lesions in the renal papilla. 
Methods: Kidneys from several National Toxicology Program studies 
with hyperplasia (n=33) and no hyperplasia (n=9) of the epithelium 
lining the papilla were evaluated. The percentages of Ki67-positive 
nuclei were calculated using image analysis and compared using 
a Kolmogorov-Smirnov test. Uroplakin-III expression in kidney was 
assessed by immunohistochemistry, RT-PCR and western blots. Results: 
Normal renal papilla was lined by a single layer of cuboidal epithelium. 
Hyperplasia of the epithelium lining the papilla was characterized by a 
thickened epithelial layer with increased numbers of stratified oval to 
polygonal cells. Positive staining for Ki67 was significantly higher in the 
hyperplastic lesions (p=0.007). Uroplakin-III was not expressed in the 
normal papillary epithelium. Focal to multifocal Uroplakin-III staining 
was present in 18/33 hyperplastic lesions. In addition, Uroplakin-III was 
expressed in the collecting ducts and this was supported by RT-PCR and 
western blots. Conclusion: Hyperplastic lesions of the epithelium lining 
the renal papilla represent proliferating lesions. Impact statement: The 
term “epithelial hyperplasia of renal papilla” should not be changed to 

“vesicular alteration of papilla lining”.

P102
Genetic Profiling of Radiofrequency Radiation-Exposed Rat 
Gliomas Using a Targeted Next-Generation Sequencing Panel 
(rGlioSeq)
Ramesh Kovi1,2, Andrea Vornoli3, Ashley Brooks1, Thai Ton1, Ahmed Mashal1, 
Miaofei Xu1, Eva Tibaldi3, Federica Gnudi3, Jian-Liang Li1, Robert Sills1, John 
Bucher1, Fiorella Belpoggi3, Arun Pandiri1  
1NIEHS, Research Triangle Park, NC, USA. 2Experimental Pathology 
Laboratories Inc., Research Triangle Park, NC, USA. 3Ramazzini Institute, 
Bologna, Italy

Abstract

Introduction: Rodent glial tumors are rare and the underlying 
molecular alterations in the pathogenesis of these tumors are not 
clearly understood. About 80% of human low-grade gliomas harbor 
mutations in IDH1, IDH2 genes and/or TERT promoter. Due to the 
importance of these tumors for public health, it is essential to better 
understand the molecular changes of rat glial tumors and to establish 
translational relevance of these tumors. Experimental Design and 
Methods: Rat glioma targeted next-generation sequencing panel 
(rGlioSeq) based on Illumina’s TruSeq Custom Amplicon technology 
targeting the top 25 orthologous genes mutated in human gliomas 
was developed. HSD rat tissues (gliomas, n=14 and control brain tissues, 
n=10 ) from the radiofrequency radiation (RFR) cancer bioassay from 
the Ramazzini Institute, Italy were examined in this study. The deepSNV 
R-package was used to identify single-nucleotide variants (SNVs) in the 
rat gliomas. Results: The mean SNVs is 180 per RFR-exposed rat glioma. 
Unique point mutations were detected in 9 genes (Egfr, Pdgfra, Cic, Nf1, 
Pten, Arid1A, Tp53, Notch1, Idh1) in at least 50% (7/14) of the rat gliomas. 
Interestingly, no mutations were detected in hotspot regions of Idh1, 
Idh2, Braf and TERT promoter. Conclusion: In contrast to most human 
gliomas which harbor mutations in IDH1, IDH2 and TERT promoter 
region, the rat gliomas seem be Idh1 wild type with mutations in 
the other glioma-related genes such as Egfr, Pdgfra, Nf1, Cic and 
Arid1A. Impact statement: The RFR-exposed rat gliomas appear to 
share genetic alterations with a subtype of low-grade IDH1 wildtype 
human gliomas.
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P103
An Unusual Testicular Lesion in Rats Exposed In Utero to 
Phthalates
Mark Cesta1, Gabrielle Willson2, Cynthia Shackelford2, Anthony Skowronek3, 
Anika Dzierlenga1, Cynthia Willson4 
1NIEHS/NTP, Research Triangle Park, NC, USA. 2EPL, Inc., Research Triangle 
Park, NC, USA. 3Battelle Columbus, Columbus, OH, USA. 4ILS, Inc., Research 
Triangle Park, NC, USA

Abstract

Introduction: Exposure to dibutyl phthalate (DBP), which acts as an 
androgen antagonist by decreasing testicular testosterone, during the 
masculinization programming window (e15.5 – e18.5 in rats) causes 
testicular lesions, including degeneration of the germinal epithelium 
and dysgenesis, in rats. DBP also causes sperm granulomas and fibrosis 
in the rete testis region. The aim is to describe the DBP-induced lesions in 
the rete testis and discuss their potential progression and pathogenesis. 
Materials and Methods: Groups of 50 rats per sex were assigned to 
one of five exposure groups. Rats were exposed to DBP in dosed feed 
at concentrations of 0, 300, 1000, 3000, or 10,000 ppm, which included 
a perinatal exposure phase. Terminal sacrifice occurred 105 weeks after 
weaning. Results: In this study, treatment-related testicular lesions were 
degeneration/atrophy, interstitial cell hyperplasia, dysgenesis, and rete 
testis sperm granuloma/fibrosis. Fibrosis of the rete testis is a unique 
lesion that presumably begins as a sperm granuloma and resolves into a 
fibrotic lesion with increased fibrous connective tissue surrounding the 
rete testis. Conclusions: In this and other studies of DBP, it appears that 
sperm stasis in the rete testis leads to formation of sperm granulomas 
and subsequent fibrosis. The mechanism is unknown, but this could 
occur by occlusion of the efferent ducts. However, the efferent ducts 
were not evaluated. The testis should be sectioned such that the rete 
testis is included. All spermatozoa travel through the rete testis en route 
to the epididymis, so lesions in the rete can have a significant effect on 
male fertility.

P104
CNS (Brain and Spinal Cord) Vacuolation in Mice Caused by 
Administration of Ceramide Galactosyl Transferase (CGT) 
Inhibitors
Sundeep Chandra1, Michael Babcock1, Sanjay Chandriani1, Margarita 
Gruebbel2, Bing Wang1, Shripad Bhagwat1, Carley Corado1, Daniel Chan1, 
Katherine Webster1, Josh Woloszynek1, Brett Crawford1  
1BioMarin Pharmaceutical Inc, San Rafael, CA, USA. 2EPL, Research Triangle 
Park, NC, USA

Abstract

Introduction: A therapeutic option to treat Lysosomal Storage 
Diseases (LSD) affecting the central nervous system (CNS) is to prevent 
or reduce the accumulation of substrate/s by small molecules. The LSD, 
globoid cell leukodystrophy (GLD) (Krabbe disease) is characterized 
a deficiency of galactosylceramidase resulting in CNS accumulation 
of toxic substrate molecules galactosylceramide and psychosine. 
One therapeutic approach to treat GLD is administration of small 
molecule inhibitors of UDP-galactose: ceramide galactosyltransferase 
(CGT), the key enzyme responsible for conversion of ceramide to 
galactosylceramide (a precursor to psychosine). An early tolerability 
study was initiated to screen potential candidates to assess the 
impact of CGT inhibition on CNS morphology and function following 
encouraging efficacy data in a mouse model of GLD. Experimental 
Design: CD57BL6/J mice (3M+3F) were i.p. administered one of four 
CGT inhibitors (doses 0.5 – 10 mg/kg) beginning at 2-weeks of age 
which is prior to completion of CNS myelination. Mice were euthanized 
after 8 or 12 weeks of daily dosing. Results: A dose-dependent 
reduction in sciatic nerve conduction velocity was noted although mice 
remained clinically normal. By light microscopy, the brain (primarily 
cerebral cortex, basal ganglia, and thalamus) and spinal cord exhibited 
multifocal vacuolation and minimal gliosis primarily in the gray matter 
with increased severity at higher doses. Involvement of the white 
matter was minimal and no changes were observed in the sciatic nerve. 
Myelin stains (Luxol fast blue/periodic acid Schiff) were unremarkable. 
Conclusion & Impact statement: CNS vacuolation was likely an on-
target effect due to significant reduction of galactosylceramide the 
major myelin glycosphingolipid below physiological levels.
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P105
Ototoxicity Related to Cisplatin: Does Gender Matter?
Cyrille Sage1,2, Aurore Marie1,2, Randy Abutin2,1, Abraham Tzafriri2,1  
1CILcare, Lexington, MA, USA. 2CBSET, Lexington, MA, USA

Abstract

Introduction: Cisplatin is a first-line treatment of several cancers. 
Adverse effects include nephrotoxicity, neurotoxicity, and ototoxicity 
with no preventative treatment for the latter. Cisplatin treatment 
often results in a bilateral elevation of hearing threshold resulting in 
irreversible hearing loss. In the literature, animal models evaluating 
treatments to prevent cisplatin-induced hearing loss utilize male rats; 
however gender differences have not been previously investigated. 
Experimental design: Wistar rats (200 to 300 g) were infused with 
10 mg/kg or 13 mg/kg cisplatin (8 males and 8 females per dose). 
Ototoxicity was measured pre/post infusion using Auditory Brainstem 
Response (ABR). Methods: To approximate human treatment, cisplatin 
was infused intraperitoneally (IP) at 10 mg/kg or 13 mg/kg cisplatin 
over 30 minutes. ABR was recorded at 5 different frequencies (4, 8, 16, 
32 and 44.8 kHz) along the tonotopy of the cochlea. Results: The ABR 
thresholds in females ranged from 5 to 27 dB and 28-35 dB with 10 and 
13 mg/kg cisplatin, respectively for all 5 frequencies tested. The ABR 
threshold for males was only 18 dB at 44.8 kHz (no changes in other 
frequencies) with 10 mg/kg cisplatin and 11 to 35 dB at all 5 frequencies 
tested with 13 mg/kg cisplatin. Statistical analysis confirmed cisplatin 
sensitivity related to gender (p<0.001) for 4, 8, 32 and 44.8kHz in 
females, and only for 44.8kHz in males. Analysis of cochlea hair cell 
loss (cochleogram) to correlate the ABR findings is ongoing and will be 
presented. Conclusion: Female rats appear more sensitive to cisplatin-
induced ototoxicity than males. Impact statement: Potential gender 
differences should be evaluated when testing preventive treatments 
for cisplatin-induced ototoxicity. 

P106
Altered Susceptibility to Acetaminophen-Induced Liver Injury in 
a Mouse Model of Nonalcoholic Fatty Liver Disease
Takeshi Izawa1,2, Ricardo Cortes1, Greg Travlos1, Natasha Clayton1, Robert Sills1, 
Arun Pandiri1  
1National Toxicology Program (DNTP), NIEHS, Research Triangle Park, NC, 
USA. 2Osaka Prefecture University, Izumisano, Osaka, Japan

Abstract

Introduction: Nonalcoholic fatty liver disease (NAFLD) has a global 
prevalence of 25% and its influence on APAP-induced hepatotoxicity 
is not fully understood. Our hypothesis was that the NAFLD condition 
exacerbates APAP-induced liver injury. Experimental Design: Six 
week old C57BL6/NTac mice were fed a high-fat diet (60% fat) or a 
normal diet (10% fat) for 12 weeks and were gavaged with a single 
dose of APAP (150 mg/kg) or saline. Liver samples were collected 
at 24 and 72 hours after the gavage. Methods: Gross, microscopic 
and clinical pathology (liver and metabolic profiles) as well as gene 
expression (qPCR) analyses were performed. Results: Mice on high-
fat diet had increased obesity, hyperinsulinemia, hyperleptinemia, 
impaired glucose tolerance, and hepatomegaly with microvesicular 
hepatic steatosis compared to mice on the normal diet. APAP gavage 
resulted in lower serum transaminase levels and less severe necrosis at 
24 hours, and lower BrdU-proliferative index at 72 hours in the obese 
mice than in normal mice. Hepatic genes related to APAP metabolism 
(Cyp2d22,Ugt1a9, Sult1a1) were downregulated in the obese mice 
at 24 hours. Conclusion: The C57BL/6NTac diet-induced obese (DIO) 
mice developed hepatic steatosis and metabolic syndrome similar to 
human NAFLD. Susceptibility to APAP hepatotoxicity was lower in the 
obese mice than normal mice at a young age (18 weeks) in this model. 
Additional studies in aged mice (40 weeks) are in progress. Impact 
statement: The C57BL/6NTac DIO mice have altered susceptibility 
to APAP-induced hepatotoxicity and this model may be useful for 
investigating the pathobiology of NAFLD.


