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Poster Times and Poster Setup
Poster Setup

Sunday, June 26 ......................................................................................................................................... 8:00 AM–3:00 PM 
Your poster must be set up by 3:00 PM on Sunday, June 26, 2016.

Poster Presentation Times
(Please plan to attend your posters during the following times)

Sunday, June 26 (Welcome Reception) .................................................................................................................6:00 PM–6:30 PM 
Monday, June 27 ....................................................................................................... 9:55 AM–10:25 AM and 3:20 PM–3:50 PM 
Tuesday, June 28 .................................................................................................................................... 9:20 AM–10:00 AM 
Wednesday, June 29 ............................................................................................................................. 10:05 AM–10:40 AM

Poster Teardown
Wednesday, June 29 ................................................................................................................................. 11:30 AM–1:00 PM 
If your poster is not removed before 1:00 pm on Wednesday, June 29, it will be removed and placed near the Registration Desk for pick up.

Young Investigator Judging Times
Monday, June 27 .......................................................................... 7:15 AM–8:00 AM, 10:30 AM–11:00 AM, and 3:00 PM–3:35 PM 
Tuesday, June 28 ......................................................................................................................................9:45 AM–10:20 AM 
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1 Usefulness of Optical Coherence Tomography to Detect Central Serous Chorioretinopathy in Monkeys
Hyun-Kyu Park1,2, Woori Jo1,2, Hyun-Ji Choi1,2, Bongcheol Kim1,2, Gilnam Lee3, Jeongbeob Seo3, Suk Young Cho4, Choung-Soo Kim1,2, 
Eun Kyung Choi1,2, Jung Jin Hwang2, Joo Yong Lee1,2, Young Hee Yoon1,2, Woo-Chan Son1,2, 1University of Ulsan College of Medicine, 
Seoul, Republic of Korea, 2Asan Medical Center, Seoul, Republic of Korea, 3CHABIOMED Co. LTD, Seongnam, Republic of Korea, 
4WuXi App Tec Co. LTD, Shanghai, China

2 Evaluation of Nonalcoholic Fatty Liver Disease in C57BL/6J Mice by Using MRI and Histopathologic Analyses 
Jae-Eun Ryu1, Woo-ri Jo1, Hyun-Ji Choi1, Sung-woong Jang1, Hyo-Ju Lee1, Dong-Cheul Woo1, Jeong Kon Kim1, Kyung Won Kim1, Eun Sil 
Yu1, Ji Hye Mun1, Woo-Chan Son1, 1University of Ulsan College of Medicine, Seoul, Republic of Korea

3 Circulating Biomarkers Indicate Severe Mitochondrial Dysfunction During Drug-Induced Ischemic Hepatitis 
James L. Weemhoff1, Benjamin L. Woolbright1, Mitchell R. McGill1, Steven C. Curry2, Daniel J. Antoine3, Hartmut Jaeschke1, 1Department 
of Pharmacology, Toxicology, and Therapeutics, University of Kansas Medical Center, Kansas City, KS, US, 2Department of 
Medical Toxicology, Banner Good Samaritan Medical Center, Department of Medicine, University of Arizona College of Medicine, 
Phoenix, AZ, US, 3MRC Centre for Drug Safety Science, Department of Molecular and Clinical Pharmacology, Institute of 
Translational Medicine, University of Liverpool, Liverpool, UK

4 Chorioretinal Dysplasia in Sprague-Dawley Rats: Ophthalmologic and Histopathologic Characterization 
Leah Stein1, Keith Nelson1,2, Joshua Bartoe1,2, Betsy Geddings2, 1Michigan State University, East Lansing, MI, US, 2MPI Research, 
Mattawan, MI, US

5 Morphine Treatment Potentiates Citrobacter rodentium Virulence, Systemic Dissemination and Exacerbates Gut 
Dysbiosis in Mice
Fuyuan Wang1, Jingjing Meng2, Sabita Roy2,3, 1University of Minnesota, College of Veterinary Medicine, St. Paul, MN, US, 2University 
of Minnesota, Medical School, Department of Surgery, Minneapolis, MN, US, 3University of Minnesota, Medical School, 
Department of Pharmacology, Minneapolis, MN, US

6 A Preliminary Toxicity Study of Curcuma longa Extract for the Control of Salmonella Spp. in Pigs
Hong-Seok Lee1,2, Na-Yon Kim1,2, Myung-Chul Kim1,2, Yu-Ri Seo1, Hyung Tae Lee4, Dalmuri Han4, June Bong Lee4, Jang Won Yoon4, 
Yongbaek Kim1,3, 1Laboratory of Clinical Pathology, College of Veterinary Medicine, Seoul National University, Seoul, Republic of 
Korea, 2BK 21 PLUS Program for Creative Veterinary Science Research, College of Veterinary Medicine, Seoul National University, 
Seoul, Republic of Korea, 3Research Institute for Veterinary Science, College of Veterinary Medicine, Seoul National University, 
Seoul, Republic of Korea, 4College of Veterinary Medicine & Institute of Veterinary Science, Gangwon National University, 
Gangwon, Republic of Korea

7 Generation and Characterization of a Novel Mouse Model of Primary Biliary Cirrhosis
Sonika Patial1, Perry Blackshear1, 1NIEHS, Research Triangle Park, NC, US

8 Immunopathologic Effects of Prednisolone and Cyclosporine A on FIV Replication and Persistence
Craig Miller1, Esther Musselman1, Jordan Powers1, Ryan Mackie1, Susan VandeWoude1, 1Colorado State University, Fort Collins, CO, 
US

9 In Vivo Loss of TGF-beta Receptors Type-1 and -2 in Cdh5-Lineage Cells Alters Acute Polymeric Graft Remodeling
Elizabeth Clark1,2, Nathan Mahler1,2, Tai Yi2, George Tellides3, Christopher Breuer1,2, 1The Ohio State University, Columbus, OH, US, 
2Nationwide Children’s Hospital, Columbus, OH, US,  3Yale University, New Haven, CT, US

10 Establishment of a Novel Chronic Hyperplastic Candidiasis Model with Carcinoma in Type 1 Diabetic Mice
Yui Terayama1, Shiori Yoshida1, Tetsuro Matsuura1, Kiyokazu Ozaki1, 1Setsunan University, Hirakata/Osaka, Japan

11 The Effect of HDACi (AR-42) on Canine Prostate Cancer Metastasis
Said Elshafae1, Nicole Kohart1, Lucas Altastadt1, Wessel Dirksen1, Thomas Rosol1, 1Ohio State University, Columbus, OH, US

12 Evaluation of Hotspot Mutations in Idh1, Idh2, Braf, and Egfr Genes in Rat Glial Tumors
Miaofei Xu1, Hue-Hua Hong1, Ramesh Kovi1,2, Kyathanahalli Janardhan3, Susan Elmore1, Paul Foster1, John Bucher1, Robert Sills1, Arun 
Pandiri1, 1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle Park, NC, US, 2Experimental Pathology 
Laboratories Inc., Research Triangle Park, NC, US, 3Integrated Laboratory Systems, Research Triangle Park, NC, US

Poster Presentation Index
Annual Meeting materials can also be downloaded at www.toxpath.org/am2016/materials.asp.  
STP members can access with their normal member login. Nonmember attendees should use the login sent via email.

Poster Categories:
Young Investigator Candidates 1–18
Biomarkers 19–22
General Pathology/Toxicologic Pathology 23–40
New Technologies 41–50
Oncology/Carcinogenesis 51–57
Systemic/Organ-Specific Toxicologic Pathology 58–78



3

The Basis and relevance of Variation  
in Toxicologic responses

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

13 Expression of Immune Checkpoint Molecules in Mantle Cell Lymphoma
Bonnie Harrington1, Lapo Alinari1, Robert Baiocchi1, John Byrd1, Amy Johnson1, 1Ohio State University, Columbus, OH, US

14 Suppression of Ovarian Cancer Growth and Metastasis with HO-3867, a STAT3 Inhibitor, in Ex Vivo Slice Culture of 
Human Tumors and Orthotopic Tumor Mouse Models
Shan Naidu1,2, Uksha Saini2, Adam ElNaggar2, Hemant Bid2, Ross Wanner2, Emily Sudhakar2, Adrian Suarez2, Jeff Hays2, Peter 
Houghton2, Nobuko Wakamatsu1, David Cohn2, Karuppaiyah Selvendiran2, 1Louisiana State University, Baton Rouge, LA, US, 2The 
Ohio State University, Columbus, OH, US

15 Effect of Histone Deacetylase Inhibitor (AR-42) on Feline Mammary Cancer In Vivo and In Vitro
Aylin Alasonyalilar Demirer1,2, Said Elshafae1,3, Wachiraphan Supsavhad1, Bardes Hassan1,4, Nicole Kohart1, Lucas Alstadt1, Wessel 
Dirksen1, Thomas Rosol1, 1The Ohio State University, Columbus, OH, US, 2Uludag University, Bursa, Turkey, 3Benha University, 
Benha, Kaluobia, Egypt, 4Cairo University, Cairo, Egypt

16 Discovery of Ethyl Urea Derivatives as Inhibitors of Human Islet Amyloid Polypeptide Fibrillization and Cytotoxicity
Jessica S. Fortin1, Marie-Odile Benoit-Biancamano2, René C.-Gaudreault3, 1University of Missouri, Columbia, MO, US, 2Université de 
Montréal, Saint-Hyacinthe, QC, Canada, 3CR CHU de Québec, QC, Canada

17 Strain-Specific Sensitivity and Resistance to Carbon Nanotube Lung Exposures Among Common Inbred Strains of Mice
Evan Frank1, Vinicius Carreira1, Kumar Shanmukhappa2, Mario Medvedovic1, Dan Prows2, Jagjit Yadav1, 1University of Cincinnati, 
Cincinnati, OH, US, 2Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, US

18 Differential Receptor Tyrosine Kinase Phosphorylation in Uterine Tissue of Rats following Developmental Exposure to 
Tetrabromobisphenol A
Trey Saddler1, Linda Yu1, Julie Foley2, Alicia Moore1, Linda Birnbaum3, Darlene Dixon1, 1Molecular Pathogenesis Group, National 
Toxicology Program Laboratory (NTPL), National Institute of Environmental Health Sciences (NIEHS), Research Triangle Park, NC, 
US, 2Special Techniques Group, Cellular and Molecular Pathology Branch, National Toxicology Program (NTP), National Institute 
of Environmental Health Sciences (NIEHS), Research Triangle Park, NC, US, 3National Cancer Institute at the National Institute of 
Environmental Health Sciences (NIEHS), Research Triangle Park, NC, US

19 Biotinylated Mouse Anti-Human HER2 Monoclonal Antibody in Normal Fresh Human and Cynomolgus Monkey Tissues
Tiansheng Zhou1, Yu Ma1, Xiuying Yang1, 1WuXi AppTec (Suzhou) Co., Ltd., Wuzhong District, Suzhou, China

20 Induction of Inflammatory SMAD7 Expression in a Model of Anti-CD40 Antibody-Induced Acute Innate Colitis in Mice
Jing Ying Ma1, Sandra Snook1, Leon Chang1, Marciano Sablad1, Siquan Sun1, Matthias Hesse1, 1Janssen Research & Development , 
L.L.C., San Diego, US

21 Effect of Time and Storage Conditions on Prothrombin Time, Activated Partial Thromboplastin Time, and Fibrinogen 
Concentration in Rat Sodium Citrate Plasma Samples
Tara Arndt1, Brenda Ortiz1, Julia Holroyd2, Frances Clemo1, 1Covance Laboratories, Madison, WI, US, 2Covance Laboratories, 
Harrogate, UK

22 Chaperone-Mediated Autophagy in Renal Tubules after Treatment with a PEG-Linked Protein: In Vitro and In Vivo 
Tools for Early Screening of Reversible Kidney Tubular Epithelial Cell Toxicity
James McDuffie1, Steven Lee1, Jing Ying Ma1, Sinae Lee1, Justin Kanerva1, Yafei Chen1, Sandra Snook1, Freddy Schoetens1, 1Janssen 
Research & Development, LLC, San Diego, CA, US

23 Spontaneous Findings in the Eyes of Mauritian Cynomolgus Monkeys (Macaca fascicularis)
Jochen Woicke1, Solomon Haile2, Jagannatha V. Mysore1, W. Michael Peden1, Typhaine Lejeune2, Thomas A. Brodie1, Thomas 
P. Sanderson1, 1Bristol-Myers Squibb Research and Development, Drug Safety Evaluation, Princeton, Nj, US, 2Charles River 
Laboratories, Preclinical Services, Pathology Division, Senneville, Quebec, Canada

24 The Cynomolgus Macaque Model of Pneumonic Tularemia
Lynda Lanning1, Patrick Sanz1, Larry Wolfraim1, Christopher Houchens2, Kristian Omland3, Mark Williams1, Judith Hewitt1, Tina Guina1, 
1NIAID/NIH/HHS, Bethesda, MD, US, 2BARDA, Washington, DC, US,  3Mergus Analytics, Jericho, VT, US

25 Acute Alloxan Toxicity Initially Causes Degeneration of Thick Ascending Limbs of Henle without Involving GLUT2
Kiyokazu Ozaki1, Yui Terayama1, Yasushi Kodama2, Tetsuro Matsuura1, 1Setsunan University, Hirakata/Osaka, Japan, 2Hiroshima 
International University, Kure/Hiroshima, Japan

26 Comparison of Coumarin-Induced Acute and Chronic Hepatotoxicity of Rat
Yasuhiro Tanaka1,2, Hisako Hori1, Wataru Fujii1, Yoshinori Kitagawa1, Kiyokazu Ozaki2, 1Suntory Business Expert Limited, Kyoto, Japan, 
2Laboratory of Pathology, Faculty of Pharmaceutical Sciences, Setsunan University, Osaka, Japan

27 Procedure Related Findings in Rats with Application of Restraints around the Torso and Neck
Keith Nelson1, Kathleen Storves2, Joelle Ibannes1, Zac Lloyd1, Charlotte Hollinger3, 1MPI Research, Mattawan, MI, US, 2ViCapSys, 
Athens, GA, US, 3Wildlife Conservation Society, Bronx, NY, US
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28 Reflux-Related Otitis Media and Meningitis in Rats after Gavage Dosing
Hetty van den Brink-Knol1, Nils Krueger2, Klaus Weber3, 1WIL Research Europe B.V., ‘s-Hertogenbosch, Netherlands, 2Evonik Resource 
Efficiency GmbH, Hanau-Wolfgang, Germany, 3AnaPath GmbH, Liestal, Switzerland

29 Non-Neoplastic Ocular Histologic Background Findings in Sprague-Dawley Rats at MPI Research
Leah Stein1, Keith Nelson1,2, 1Michigan State University, East Lansing, MI, US, 2MPI Research, Mattawan, MI, US

30 Tail Cuff-Infused Nude Mice: Comparison of Continuous versus Intermittent Tethering with the Pinport-in-Tail Cuff 
System, Histopathological Parameters. 
Elke Hartmann1, Uta Wirnitzer1, Hans van Wijk2, 1BAYER Pharma AG, Wuppertal, Germany, 2Covance Laboratories, Harrogate, UK

31 In Vivo Microdialysis of the Rodent Brain: Challenges to Refine Stereotaxic Coordinates and Tissue Reaction
Karen Bodié1, Kerstin Buck1, 1Abbvie Deutschland GmbH & Co. KG, Ludwigshafen, Germany

32 Trauma As a Cause for Hepatopathy in Newborn Göttingen Minipigs: A Procedure-Related Finding Complicating 
Interpretation of Toxicity Studies
Yuval Ramot1, Klaus Weber2, Beatriz Moreno Lobato3, Francisco Miguel Sánchez Margallo3, José Francisco Guillén Caro3, Luis Dávila 
Gómez3, Roni Shabat4, Abraham Nyska5,6, 1Hadassah Hebrew University Medical Center, Jerusalem, Israel, 2AnaPath GmbH, 
Oberbuchsiten, Switzerland, 3Centro de Cirugía de Mínima Invasión (CCMI), Caceres, Spain, 4CCMI Israel Ltd, Nazareth, Israel, 
5Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel, 6Consultant in Toxicologic Pathology, Timrat, Israel

33 Histopathology in Large Scale Mouse Phenotype Screen Reveals Novel Disease Mechanisms and Models: Potential 
Application in Drug Discovery and Safety Assessment
Hibret Adissu1,2, Susan Newbigging2, Lily Morikawa2, Jacqueline White3, Colin McKerlie2, 1Covance Laboratories Inc, Greenfield, IN, 
US, 2The Centre for Phenogenomics, Toronto, Ontario, Canada, 3The Wellcome Trust Sanger Institute, Hinxton, UK

34 The Minipig: An Alternative Animal Model for the Evaluation of Anti-Neoplastic Drugs
Rosa Anna Manno1, Andrea Grassetti1, Raffaella Capobianco1, Germano Oberto1, 1Research Toxicology Centre, Pomezia, Rome, Italy

35 Genotoxicity of the Flavoring Agent, Perillaldehyde 
Shim-mo Hayashi1,2, Cheryl Hobbs3, Robert Maronpot4, Carol Beevers5, Mel Lloyd5, Rachael Bowen5, Lucinda Lillford5, Sean Taylor6, 
1Japan Flavor & Fragrance Materials Association, Tokyo, Japan, 2San-Ei Gen, F.f.I., Inc., Osaka, Japan, 3Integrated Laboratory 
Systems, Inc., Durham, NC, US, 4Maronpot Consulting LLC, Raleigh, NC, US, 5Covance Laboratories Ltd, Harrogate, UK, 
6International Organization of the Flavor Industry, Washington, DC, US

36 Percentage of In Vitro Hemolysis in Laboratory Species
Josely Figueiredo1, Carol Wally1, Bradley Buczynski1, Bruce Saltzgiver1, Donald Stump1, 1WIL Research, Ashland, OH, US

37 Pathological Review of Repeated Dose Dermal Toxicity 28-Day Studies of Nanomaterials (Silver, MWCNT, TiO2) in 
Sprague-Dawley Rats
Hye Jin Kim1, Kyu Sup An1, Jae Hyuck Sung1, Hyeon Yeol Ryu1, Byung Gil Choi1, Jin Kyu Lee1, Kyung Seuk Song1, 1Korea Conformity 
Laboratories (KCL), Incheon, Republic of Korea

38 Intracytoplasmic Inclusions Containing Icosahedral Viral Particles in Renal Papillary Epithelium in Beagle Dogs
Mohamoud Abdi1, 1GlaxoSmithKline, Ware, Hertfordshire, UK

39 Human Tissue and Veterinary Pathologists: What Are Our Boundaries in Drug Development?
Richard Haworth1, David Krull2, Gail Pearse1, Cindy Fishman2, 1GlaxoSmithKline, Ware, UK, 2GlaxoSmithKline, Philadelphia, PA, US

40 Oral Exposure to 4,6-Dinitroamino-1,3,5-triazine-2(1h)-one (DNAM) Is Associated with Intestinal and Renal Lesions in 
Male But Not Female Sprague-Dawley Rats
Erica Carroll1, Lee Crouse1, 1Army Public Health Center (Provisional), Aberdeen Proving Ground, MD, US

41 Localization of Phospholipidosis on Light Microscopy: Use of Paraphenylenediamine Staining on Semi-Thin Tissue 
Sections
Norimitsu Shirai1, Frank Geoly1, Walter Bobrowski1, Carlin Okerberg1, 1Pfizer Inc., Groton, Connecticut, US

42 The Use of In Vivo and Ex Vivo Compact Magnetic Resonance Imaging (MRI) for the Assessment of Tumorigenicity 
following Intrathecal Transplantation of Human Embryonic Stem Cells (hESC) in NOD-SCID Mice
Yael Schiffenbauer3, Netanel Amouyal2, Nati Ezov2, Michal Steiner2, Michal Izrael4, Neta Lavon4, Arik Hasson4, Michele Revel4, Abraham 
Nyska1,5, 1Tel Aviv University, Tel Aviv, Israel, 2Envigo CRS, Ness Ziona, Israel, 3Aspect Imaging, Shoham, Israel, 4Kadimastem, Ness 
Ziona, Israel, 5Consultant in Toxicologic Pathology, Timrat, Israel

43 Antibody-Enhanced Intracellular Killing of Leishmania amazonensis Can Be Achieved by the Activation of 
Macrophages with Soluble Immune Complexes and Novel Recombinant Fc Constructs
Marie Bockenstedt1, Adam Barb2, Brett Sponseller2, Doug Jones2, 1Covance Laboratories, Madison, WI, US, 2Iowa State University, 
Ames, IA, US
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44 A Simple Method for Formalin Fixation of Lungs in Toxicological Pathology Studies
Ji-Ye Yin1, Wen-Sheng Qu1, He-Mei Wang1, Yan-Sheng Dong1, Quan-Jun Wang1, 1Beijing Institute of Pharmacology and Toxicology, 
Beijing, China

45 Corneal Wound Healing Drug Effects in an Ex Vivo Human Front of the Eye Model in Comparison to Rabbit
Alison Vickers1, Robyn Fisher2, 1Human Translational Models, LLC, Irvine, CA, US, 2Vitron, Inc., Tucson, AZ, US

46 Evaluating Innate Immune Cell Immunotoxicity of a Novel Therapeutic Delivery System: Assessing Immunotoxity of 
Extracellular Vesicles in Human Monocytic Cell Lines
Lucia Rosas2, Ola Elgamal3, Xiaokui Mo2, Mitch Phelps2, Thomas Schmittgen3, Tracey Papenfuss1, 1WIL Research Laboratories, Ashland, 
OH, US, 2The Ohio State University, Columbus, OH, US, 3University of Florida, Gainesville, FL, US

47 Secure File Transfer Protocol (sFTP) for Electronic Exchange of Digital Pathology Data between Contract Research 
Organizations and Novartis Preclinical Safety 
Oliver Turner1, Gregory Argentieri1, Christopher Hayden1, Rowena Ver Hoven1, Thierry Clade3, Kenneth Asnes2, Steve Van Adestine4, 
Todd Acker4, Wayne Dochterman4, 1Novartis, NJ, US, 2Novartis, MA, US, 3Novartis, Basel, Switzerland, 4Covance, WI, US

48 ESTP Digital Imaging Survey: Preliminary Results
Erio Barale-thomas1, Jan Klapwijk2, 1Johnson and Johnson, Beersen, Belgium, 2GlaxoSmithKline, Ware, UK

49 Using Morphometric Features Extracted by Image Analysis to Identify T-Lymphocytes in IHC-Stained Tissues 
Independent of CD3 Staining
Famke Aeffner1, Nathan T. Martin1, Joshua Black1, Logan Cerkovnik1, Luke Pratte1, Staci J. Kearney1, Anthony J. Milici1, Joseph Krueger1, 
1Flagship Biosciences, Westminster, CO, US

50 Utilizing Digital Image Analysis to Quantify Multiplexed Immune-Oncology Markers and Compare with Corresponding 
Monoplexed Samples
Kristin Wilson1, Ciara Martin1, Joshua Black1, Nathan Martin1, Logan Cerkovnik1, Jasmeet Bajwa1, Carsten Schnatwinkel1, Daniel 
Rudmann1, Anthony Milici1, 1Flagship Biosciences, Westminster, CO, US

51 Feline Mammary Cancer: Novel Nude Mouse Model and Molecular Characterization of Invasion and Metastasis Genes
Bardes Hassan1,2, Said Elshafae1,3, Wachiraphan Supsavhad1, Jessica Simmons1, Wessel Dirksen1, Sohair Sokkar2, Thomas Rosol1, 1The 
Ohio State University, Columbus, Ohio, US, 2Cairo University, Giza, Egypt, 3Benha University, Kalyubia, Egypt

52 Suppression of Osteopontin Inhibits Chemically Induced Hepatocarcinogenesis by Induction of Apoptosis
Su-Hyung Lee1, Jun-Won Park2, Du-Min Go1, Hyo-Jung Kwon3, Dae-Yong Kim1, 1Seoul National University, Seoul, Republic of Korea, 
2National Cancer Center, Goyang, Gyeonggi, Republic of Korea, 3Chungnam National University, Daejeon, Republic of Korea

53 Induction of Oxidative Stress and DNA Adduct Formation in A549 and BEAS-2B Cells by Cobalt (II) Sulfate 
Heptahydrate 
Ramesh Kovi1,2, Raveena Chhabria1, Teja Peddada3, Thai-Vu Ton1, Marilyn Ehrenshaft4, Sreeenivasa Ramaiahgari5, Keith Shockley6, 
Ronald Mason4, Robert Sills1, Arun Pandiri1, 1Cellular and Molecular Pathology Branch, Division of National Toxicology Program 
(DNTP), NIEHS, Research Triangle Park, NC, US, 2Experimental Pathology Laboratories Inc, Research Triangle Park, NC, US, 3Enloe 
High School, Raleigh, NC, US, 4Free Radical Metabolism Group, NIEHS, Research Triangle Park, NC, US, 5Predictive Toxicology 
and Screening Group, NIEHS, Research Triangle Park, NC, US, 6Biostatistics and Computational Biology Branch, NIEHS, Research 
Triangle Park, NC, US

54 Immunohistochemical Characterization of Islets of Langerhans in F344/N Rats Exposed to Cobalt (II) by Inhalation 
Arun Pandiri1, Shivpriya Sridhar3, Ramesh Kovi1,2, Kyathanahalli Janardhan4, Norris Flagler1, Ronald Herbert1, Gregory Travlos1, Mamta 
Behl1, Michelle Hooth1, Robert Sills1, 1National Toxicology Program, NIEHS, Research Triangle Park, NC, US, 2EPL Inc., Research 
Triangle Park, NC, US, 3Enloe High School, Raleigh, NC, US, 4ILS Inc, Research Triangle Park, NC, US

55 Thymomas in Fischer 344/N Rats in the National Toxicology Program Database
Gabrielle A. Willson1, Rebecca R. Moore2, Karen Y. Cimon1, Hiroaki Nagai3, Rodney A. Miller1, Jerry F. Hardisty1, Neil Allison1, David E. 
Malarkey3, 1Experimental Pathology Laboratories, Inc., Research Triangle Park, NC, US, 2Integrated Laboratory Systems, Research 
Triangle Park, NC, US, 3Cellular and Molecular Pathology Branch, Division of the National Toxicology Program, National Institute 
of Environmental Health Sciences, Research Triangle Park, NC, US

56 Comparison of Proliferative Biliary Lesions in F344 Rats and Humans 
Miaoxia He1,2, Ramesh Kovi1,3, Hue-Hua Hong1, Dave Malarkey1, Robert Sills1, Arun Pandiri1, 1Cellular and Molecular Pathology 
Branch, Division of National Toxicology Program (DNTP), NIEHS, Research Triangle Park, NC, US, 2Department of Pathology, 
Changhai Hospital, The Second Military Medical University, Shanghai, China, 3Experimental Pathology Laboratories Inc, Research 
Triangle Park, NC, US

57 CLL1-Targeting Nanomicelles Containing Daunorubicin Have Anti-Leukemia Stem Cell Activity in Patient-Derived 
Xenograft Models of Acute Myeloid Leukemia
Tzu-yin Lin1,2, Yanjun Zhu1, Yuanpei Li1, Susan Airhart3, Chong-Xian Pan1, Brian Jonas1, 1UC Davis, Sacramento, CA, US, 2LP 
Therapeutics, Davis, CA, US, 3Jackson Lab, Bar Harbor, ME, US
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58 Processing of Guinea Pig Inner Ear for Histopathological Evaluation
Jean-Francois Lafond1, Elena Bota1, Natalie Dolinsek1, Nathalie Lamer1, Andrea-Claude Laroche-Connelly1, Claudine Savard1, Manon 
Skelling1, Kelly Tenneson1, Pierre Tellier1, 1Charles River Laboratories, Senneville, Quebec, Canada

59 Histopathology of a Mouse Model of Kanamycin/Furosemide-Induced Cochlear Hair Cell Injury
Jean-Francois Lafond1, Kelly Tenneson1, Gayle Hennig1, Pierre Tellier1, 1Charles River Laboratories, Senneville, Quebec, Canada

60 Changes in Plasma Adrenal Steroids and in Adrenal Histology in Rats Reflecting Modes of Action of Compounds on 
Adrenal Steroidogenesis
Tomoaki Tochitani1, Akihito Yamashita1, Mami Kouchi1, Yuta Fujii1, Izumi Matsumoto1, Izuru Miyawaki1, Toru Yamada1, Takatoshi 
Koujitani1, 1Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan

61 Effects of Unilateral Nephrectomy on Diabetic Kidney Lesions in db/db Mice
Kaoru Toyoda1, Kochi Kakimoto1, Katsuhiro Miyajima1, Yuzo Yasui1, Yusuke Kemmochi1, Akiko Anagawa-Nakamura1, Eriko Riya1, Akemi 
Takahashi1, Toshiyuki Shoda1, Kayoko Takagi1, Satomi Takeuchi1, Tatsuya Maekawa1, Yoshifumi Miyakawa1, 1Japan Tobacco Inc., 
Kanagawa, Japan

62 Maturity-Related Variability of the Thymus in Cynomolgus Monkeys (Macaca fasciculata) 
Nancy Everds2, Paul Snyder1, William Craven2, Jonathan Werner3, Sarah Tannehill-Gregg3, Roberto Guzman3, 1Experimental Pathology 
Laboratories, Inc, West Lafayette, IN, US, 2Amgen, South San Francisco, CA, US, 3Amgen, Thousand Oaks, CA, US

63 Postnatal Development of the Rat Kidney
Danielle Brown1, Brent Walling2, Marc Mattix2, 1WIL Research, Hillsborough, NC, US, 2WIL Research, Ashland, OH, US

64 Glial Fibrillary Acidic Protein-Positive Glial Tumors Do Occur in Harlan Sprague-Dawley Rats
Kyathanahalli Janardhan1, Ramesh Kovi2, Arun Pandiri3, David Malarkey3, Mark Cesta3, Robert Sills3, Amy Brix2, Gordon Flake3, Ron 
Herbert3, Paul Foster3, Susan Elmore3, 1Integrated Laboratory Systems Inc., Research Triangle Park, NC, US, 2Experimental Pathology 
Laboratories Inc., Research Triangle Park, NC, US, 3National Toxicology Program, NIEHS, Research Triangle Park, NC, US

65 Two Morphologic Different Variants of Immune Complex-Mediated Endocapillary Glomerulonephritis in Cynomolgus 
Monkeys
Juergen Funk1, Jennifer Rojko2, Marie-Anne Marten3, Christine Schubert1, Thomas Sergejew1, Michael J Mihatsch4, 1Roche 
Pharmaceutical Research and Early Development, Pharmaceutical Sciences, Roche Innovation Center Basel, Basel, Switzerland, 
2Charles River Pathology Associates, Frederick, MD, US, 3Charles River Tranent, Edinburgh, UK, 4University Hospital Basel, Institute 
for Pathology, Basel, Switzerland

66 Dissection of Pigmented Cells in the Rat Inner Ear for Toxicological Risk Assessment
Bettina Lawrenz1, Christina Elliott1, Ludwig Schladt1, 1Bayer Pharma AG, Wuppertal, Germany

67 Retinal Lesion and miRNA Elevation Induced by UNC569, a MerTK Inhibitor, in Mice
Ayako Sayama1, Tetsuya Ohsawa1, Keiko Okado2, Koichi Nakamura3, Takuma Iguchi1, Toshihiko Makino1, Kiyonori Kai1, Wataru 
Takasaki1, 1Medicinal Safety Research Laboratories, Daiichi Sankyo Co., Ltd., Edogawa-ku, Tokyo, Japan, 2Discovery Science & 
Technology Department, Daiichi Sankyo RD Novare Co., Ltd., Edogawa-ku, Tokyo, Japan, 3Drug Metabolism & Pharmacokinetics 
Research Laboratories, Daiichi Sankyo Co., Ltd., Shinagawa-ku, Tokyo, Japan

68 Toxicity Study in Cynomolgus Monkeys to Understand the Pathogenesis of Drug-Induced Thrombocytopenia
William Reagan1, Theodore Schmahai1, Norimitsu Shirai1, Frank Geoly1, Carlin Okerberg1, Gregg Cappon1, Sharon Sokolowski1, 
Chunli Huang1, Cynthia Drupa1, Walt Bobrowski1, Laurel VanDerWiele1, Kenneth Kelly2, William Esler2, 1Pfizer, Groton, CT, US, 2Pfizer, 
Cambridge, MA, US

69 Rat Models of IL-23 or Imiquimod-Induced Inflammation as Translational Tools for Psoriasis Drug Discovery
Sheila Cummings Macri1, Robert Resnick1, Kyriakos Economides1, Lan Gao1, Erik Zarazinski1, Errin Roberts1, Kuldeep Singh1, Sandra 
Dinocca1, Arun Subramanian1, Beth Thurberg1, Dinesh Bangari1, 1Sanofi Genzyme, Framingham, MA, US

70 BTK Knockout Rat Model Demonstrates Rat-Specific BTK Inhibitor-Related Pancreatic Pathology Is On-Target and 
Unlikely to Be Relevant for Humans
Leah Schutt1, Rebecca Erickson1, Jacqueline Tarrant1, Michelle McDowell1, Arna Katewa1, Yugang Wang1, Tao Huang1, William Kennedy1, 
Dinah Misner1, Karin Reif1, 1Genentech, Inc., South San Francisco, CA, US

71 Aseptic Meningitis in Mice Following Intravenous Administration of a T Cell-Targeting Antibody
Dinesh Bangari1, Patrick Finn1, Emily LaCasse1, Tanya Walker1, Gina LaCorcia1, Carla Lawendowski1, Mark Blazka1, Alison McVie-Wylie1, 
Beth Thurberg1, 1Sanofi Genzyme, Framingham, MA, US

72 Focal Chondrocyte Dysplasia in the Femoral Metaphysis in Young Sprague-Dawley Rats
Noriaki Ishigami1, Koji Shimouchi2, Ai Hashimoto1, Jun Katagi1, 1ONO Pharmaceutical Co., Ltd, Shimamoto-cho, Osaka, Japan, 
2ONO Pharmaceutical Co., Ltd, Sakai-shi, Fukui, Japan
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73 INHAND: International Harmonization of Nomenclature and Diagnostic Criteria for Lesions—An Update—2016 
Charlotte Keenan1, Julia Baker2, Alys Bradley3, Dawn Goodman4, Takanori Harada5, Ronald Herbert6, Wolfgang Kaufmann7, Rupert 
Kellner8, Beth Mahler6, Emily Meseck9, Thomas Nolte10, Suzanne Rittinghausen8, John Vahle11, Katsuhiko Yoshizawa12, 1CM Keenan 
ToxPath Consulting, Doylestown, PA, US, 2Charles River, Frederick, MD, US, 3Charles River, Tranent, Scotland, UK, 4Independent 
Consultant, Potomac, MD, US, 5The Institute of Environmental Toxicology, Joso-shi, Ibaraki, Japan, 6NIEHS, Research Triangle Park, 
NC, US, 7Merck KGaA, Darmstadt, Germany, 8Fraunhofer ITEM, Hanover, Germany, 9Novartis Institute for Biomedical Research, 
East Hanover, NJ, US, 10Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany, 11Eli Lilly & Company, 
Indianapolis, IN, US, 12Kansai Medical University, Hirakata, Osaka, Japan

74 Drug-Induced Retinal Toxicity and Associated Changes in the Optic Tract of Laboratory Beagles
Gail Pearse1, Peter Clements1, 1GSK, Ware, Hertfordshire, UK

75 Pathologic Features of Generalized Amyloidosis in a Cynomolgus Monkey (Macaca fascicularis)
Meliton Novilla1,3, Mark Cottingham2, George De Los Santos1, E Bruce Bernacky2, Stewart Jacobson1, 1SNBL USA Ltd, Everett, WA, US, 
2SNBL USA SRC, Alice, TX, US, 3Purdue University, School of Veterinary Medicine, West Lafayette IN, US

76 The Route of Exposure Influences Nasal Lesion Distribution in Rats in NTP Studies
Rodney A. Miller1, Rebecca R. Moore2, Karen Y. Cimon1, Gabrielle A. Willson1, Arun R. Pandiri3, David E. Malarkey3, 1Experimental 
Pathology Laboratories, Inc., Research Triangle Park, NC, US, 2Integrated Laboratory Systems, Research Triangle Park, NC, US, 
3Cellular and Molecular Pathology Branch, Division of the National Toxicology Program, National Institute of Environmental Health 
Sciences, Research Triangle Park, US

77 Cytological Bone Marrow Cell Differential Counts and Morphologic Findings in Healthy Cynomolgus Monkeys (Macaca 
fascicularis) from Nonclinical Toxicology Studies 
Caitlyn Carter1, Laura Cregar1, Adam Aulbach1, 1MPI Research, Mattawan, MI, US

78 Tetrabromobisphenol A Induces Cell Proliferation, Leptin Expression, and Leptin Receptor Phosphorylation in Human 
Uterine Leiomyoma Cells
Lysandra Castro1, Alicia Moore1, Linda Yu1, Xiaohua Gao2, Darlene Dixon1, 1Molecular Pathogenesis Group, National Toxicology 
Program Laboratory (NTPL), National Toxicology Program (NTP), National Institute of Environmental Health Sciences (NIEHS), 
Research Triangle Park, NC, US, 2DS Technologies, Incorporated, Morrisville, NC, US

79 A 21st Century Roadmap for Human Health Risk Assessment
Douglas C. Wolf1, Alan Boobis2, Timothy Pastoor3, Michelle Embry4, 1Syngenta Crop Protection, LLC, Greensboro, NC, US, 2Imperial 
College London, London, UK, 3Pastoor Science Communications, LLC, Greensboro, NC, US, 4ILSI Health and Environmental 
Sciences Unit, Washington, DC, US
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Usefulness of Optical Coherence Tomography to Detect Central Serous Chorioretinopathy in 
Monkeys 

Hyun-Kyu Park1,2, Woori Jo1,2, Hyun-Ji Choi1,2, Bongcheol Kim1,2, Gilnam Lee3, Jeongbeob Seo3, Suk 
Young Cho4, Choung-Soo Kim1,2, Eun Kyung Choi1,2, Jung Jin Hwang2, Joo Yong Lee1,2, Young Hee 
Yoon1,2, Woo-Chan Son1,2 
1University of Ulsan College of Medicine, Seoul, Republic of Korea, 2Asan Medical Center, Seoul, 
Republic of Korea, 3CHABIOMED Co. LTD, Seongnam, Republic of Korea, 4WuXi App Tec Co. LTD, 
Shanghai, China 

Introduction 

Central serous chorioretinopathy (CSC) is the one of the ocular disease induced by fluid accumulation 
resulting in a localized macular detachment. Recently, MEK inhibitors had adverse effects in clinical trials 
such as CSC resulting in reversible blurred vision.  
CSC was not detected in preclinical studies using dog and rodent models. Histopathology cannot detect 
edematous changes in the eye especially CSC as artifacts are generated during tissue processing 
procedures. 
In contrast, Optical coherence tomography (OCT) is a non-invasive optical analogue of ultrasound 
imaging and generates an image similar to histopathology in real time until sacrifice.  
Using OCT besides histopathology, we tried to find effective approaches in monkey model to screen 
drug-induced ocular toxicity before trial to human. 

  

Materials & Methods 

The six male cynomolgus monkeys (Macaca fascicularis) was orally administered one of six MEK inhibitor 
candidates (termed A-F). 
Monkeys were examined with spectral-domain OCT (A, B) and a Stratus OCT device (C, D, E). 

  

Results 

Candidates A, D, E and F induced the detachment of the retina and the monkeys treated with candidate B 
and C had a normal retinal layers in the OCT examination. 

In histopathologic examinations, the structure of the retinas and RPE (arrow) were normal and CSC was 
not observed in histological images. 

  

Conclusion 

To our knowledge, this is the first study to demonstrate CSC using OCT in a monkey model. 
OCT is a powerful tool to monitor CSC, which cannot be detected by histopathology, and will be useful to 
detect ocular toxicity in preclinical trials. 
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Conclusion 
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OCT is a powerful tool to monitor CSC, which cannot be detected by histopathology, and will be useful to 
detect ocular toxicity in preclinical trials. 

2 

Evaluation of Nonalcoholic Fatty Liver Disease in C57BL/6J Mice by Using MRI and 
Histopathologic Analyses  

Jae-Eun Ryu, Woo-ri Jo, Hyun-Ji Choi, Sung-woong Jang, Hyo-Ju Lee, Dong-Cheul Woo, Jeong Kon 
Kim, Kyung Won Kim, Eun Sil Yu, Ji Hye Mun, Woo-Chan Son 
University of Ulsan College of Medicine, Seoul, Republic of Korea 

Introduction 

NAFLD is recognized as a clinical state that can develop to end-stage liver disease.  MRI techniques to 
noninvasively quantify hepatic steatosis and to analyze other important features of NAFLD in humans 
have been developed and sufficiently validated through many clinical studies. To incorporate MRI in 
longitudinal animal studies, the accuracy of MRI techniques to diagnose and grade hepatic steatosis must 
be thoroughly validated. To this end, we sought to validate the diagnostic performance of an MR 
technique in a murine NAFLD model by using histopathologic data as the reference standard. 

Methods 

We sought to validate the MRI fat-signal fraction (MRI-FSF) used for diagnosing NAFLD in human 
nonclinical trials by comparing MRI data with histopathologic findings in C57BL/6J mice (n = 24) fed 
normal chow (controls) or a methionine- and choline-deficient (MCD) diet. Axial T2-weighted fast spin-
echo images were used to examine the liver. 

Results 

The This study showed strong concurrence between MRI-FSF and histopathologic steatosis in a murine 
model of NAFLD. MRI-FSF had moderate sensitivity and specificity in this context. These results confirm 
that the MRI is a useful biomarker of hepatic steatosis in NAFLD in the murine model. 

Conclusions 

MRI-FSF provided an accurate estimation of the presence of hepatic steatosis and was diagnostically 
valuable for distinguishing between mild and severe forms of hepatic steatosis in a murine model. MRI-
FSF showed moderate sensitivity and specificity. These results confirm that MRI is a useful diagnostic 
marker of hepatic steatosis during NAFLD in a murine model 
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Circulating Biomarkers Indicate Severe Mitochondrial Dysfunction during Drug-Induced Ischemic 
Hepatitis  

James L. Weemhoff1, Benjamin L. Woolbright1, Mitchell R. McGill1, Steven C. Curry2, Daniel J. Antoine3, 
Hartmut Jaeschke1 
1Department of Pharmacology, Toxicology, and Therapeutics, University of Kansas Medical Center, 
Kansas City, KS, United States, 2Department of Medical Toxicology, Banner Good Samaritan Medical 
Center, Department of Medicine, University of Arizona College of Medicine, Phoenix, AZ, United States, 
3MRC Centre for Drug Safety Science, Department of Molecular and Clinical Pharmacology, Institute of 
Translational Medicine, University of Liverpool, Liverpool, United Kingdom 

Introduction: Hypoxic hepatitis is a clinical condition precipitated by prolonged periods of oxygen 
deprivation to the liver and can have several underlying causes. Its prevalence in critically ill patients can 
reach upwards of 10%. Despite this, little is known about the mechanisms of injury. Thus, we measured 
plasma biomarkers to describe mechanisms of injury following drug induced ischemic hepatitis (DIIH), a 
form of hypoxic hepatitis. Experimental Design: All patients presenting to the Banner Good Samaritan 
Medical Center for acute liver failure were considered for this study.  Plasma from patients subsequently 
diagnosed with DIIH was collected and biomarkers of hepatocellular injury, mitochondrial damage, and 
cell death were measured. Methods: Biomarkers were measured using a variety of techniques including 
ELISA, PCR, enzymatic assays, and mass spectrometry.  Results: During peak injury, ALT measured 
4082±606 U/L and gradually decreased over 5 days. Similarly, elevations of the liver-specific micro-RNA, 
miR-122, mimicked the pattern of ALT release. GDH was significantly higher in these patients than 
healthy volunteers (1579±299 vs. 20±9 U/L) and levels of DNA fragments mirrored hepatocellular injury. 
Interestingly, we found a significant increase in caspase-cleaved cytokeratin-18, however the full-length 
form greatly exceeded the cleaved form during peak injury (45837±12085 vs. 2528±1074 U/L). Despite an 
observed increase in acHMGB1 at later time points, indicating a possible role of inflammation, levels of 
inflammatory cytokines actually trended downwards. Impact Statement: We conclude that the 
mechanisms of injury following DIIH involves mitochondrial damage and DNA fragmentation. Importantly, 
necrosis, rather than apoptosis, is the main mode of cell death. 
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4 

Chorioretinal Dysplasia in Sprague-Dawley Rats: Ophthalmologic and Histopathologic 
Characterization  

Leah Stein1, Keith Nelson1,2, Joshua Bartoe1,2, Betsy Geddings2 
1Michigan State University, East Lansing, MI, United States, 2MPI Research, Mattawan, MI, United States 

Introduction: Sprague-Dawley (SD) rats are frequently utilized for toxicology testing. Ophthalmology 
examination is a common end-point to monitor for potential lesion development in safety toxicology 
studies. An ophthalmoscopic finding of focal linear increased scleral reflectivity, almost invariably 
presenting unilaterally, and described as "chorioretinal hypoplasia" is seen with a prevalence of 0.41% in 
the MPI Research SD colony. The aims of this study were to: 1) generate a detailed histopathological 
characterization of lesions associated with the ophthalmoscopic findings, and 2) harmonize clinical and 
histopathological language. Methods: On pre-study indirect ophthalmoscopy exams, a board certified 
ophthalmologist identified multiple SD rats (11 males, 10 females) with lesions of chorioretinal hypoplasia 
and wide-field fundus imaging was performed. Serial H&E-stained microscopic sections of these eyes 
were examined by a board certified pathologist; ophthalmoscopic and histopathologic findings were 
compared. Results: SD rats with ophthalmoscopic lesions had histopathologic findings of choroidal 
absence with or without accompanying absence of one or more retinal layers in an outer-to-inner 
progression. We propose using harmonized call language of chorioretinal dysplasia for this finding, 
differentiating it from other rat retinal atrophies. Conclusion: Chorioretinal dysplasia in the SD rat is 
characterized by ophthalmoscopic findings of focal linear increased scleral reflectivity, and histopathologic 
findings of retinal and choroidal thinning to absence. Impact Statement: This study describes a previously 
unreported ophthalmologic finding in the Sprague-Dawley rat and provides a descriptive pathologic 
classification of the lesion. Recognition of this background finding is important, as it could be 
misinterpreted as an adverse, compound-related lesion. 
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Morphine Treatment Potentiates Citrobacter rodentium Virulence, Systemic Dissemination and 
Exacerbates Gut Dysbiosis in Mice 

Fuyuan Wang1, Jingjing Meng2, Sabita Roy2,3 
1University of Minnesota, College of Veterinary Medicine, St. Paul, MN, United States, 2University of 
Minnesota, Medical School, Department of Surgery, Minneapolis, MN, United States, 3University of 
Minnesota, Medical School, Department of Pharmacology, Minneapolis, MN, United States 

Introduction: Opioid analgesics are frequently prescribed in the United States and worldwide. However, 
severe side effects such as immunosuppression and gastrointestinal symptoms limit their use. It is 
unclear how opioids modulate bacterial virulence and gut homeostasis. Experimental Design: 
Citrobacter rodentium is a natural mouse pathogen that models intestinal infection by enteropathogenic 
Escherichia coli (EPEC) and enterohemorrhagic E. coli (EHEC) in humans. Here, by using a mouse-
model of C. rodentium infection, we determined effects of morphine on gut homeostasis and host 
resistance against bacterial infection. Methods: C57/BL6J wild-type mice were implanted with 25mg 
morphine or placebo pellet subcutaneously. Mice were infected with C. rodentium through oral gavage at 
day 1 post morphine treatment. The C. rodentium virulence factors, systemic dissemination, gut 
microbiome and host immune response were detected at day 5 post infection. Results: In a mouse 
model of Citrobacter rodentium infection, morphine treatment resulted in 1) the promotion of C. rodentium 
systemic dissemination, 2) increase in virulence factors expression with C. rodentium colonization in 
intestinal contents, 3) altered gut microbiome, 4) damaged integrity of gut epithelial barrier function, 5) 
inhibition of C. rodentium-induced increase of goblet cells, and 6) dysregulated IL-17A immune response. 
Conclusion: This is the first study to demonstrate that morphine promotes C. rodentium infection, 
indicating morphine modulates virulence factor-mediated adhesion of pathogenic bacteria and induces 
gut dysbiosis and disruption of host defense. Impact statement: This study reveals over-prescription of 
opioids may increase the risk of infections in the emergence of pathogenic strains and should be used 
cautiously. 
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6 

A Preliminary Toxicity Study of Curcuma longa Extract for the Control of Salmonella Spp. in Pigs 

Hong-Seok Lee1,2, Na-Yon Kim1,2, Myung-Chul Kim1,2, Yu-Ri Seo1, Hyung Tae Lee4, Dalmuri Han4, June 
Bong Lee4, Jang Won Yoon4, Yongbaek Kim1,3 
1Laboratory of Clinical Pathology, College of Veterinary Medicine, Seoul National University, Seoul, 
Republic of Korea, 2BK 21 PLUS Program for Creative Veterinary Science Research, College of 
Veterinary Medicine, Seoul National University, Seoul, Republic of Korea, 3Research Institute for 
Veterinary Science, College of Veterinary Medicine, Seoul National University, Seoul, Republic of Korea, 
4College of Veterinary Medicine & Institute of Veterinary Science, Gangwon National University, 
Gangwon, Republic of Korea 

Introduction: Natural Curcuma extract retains a biologically active component, which has antimicrobial, 
antioxidative, and anti-inflammatory activities. This study was performed to screen potential toxicity of the 
Curcuma extract prepared to control Salmonella in pigs. 

Experimental Design: Ethanol fraction of the natural Curcuma extract was fed to pigs of three 
experimental groups (low:4mg/kg, middle:40mg/kg, high:400mg/kg) for three weeks. Pigs of control group 
were fed with regular feed. Various parameters including mortality, complete blood cell counts, clinical 
chemistry were investigated. 

Methods: Complete blood cell counts, profiles of serum chemistry results including ALT, AST, ALP, GGT, 
BUN, creatinine, calcium, phosphorus, total protein, albumin, total cholesterol and triglyceride, and 
electrolytes including sodium, potassium, and chloride were measured using ADVIA 2120i, Hitachi 7180 
Clinical Analyzer and EasyLyte analyzer, respectively. All of above results were subjected to 
ANOVA(p=0.05) using SAS. 

Results: All of the animals survived throughout the experiment. Treatment with Curcuma extract induced 
no statistically significant differences in PCV, WBC count, clinical serum chemistry results including ALT, 
AST, ALP, calcium, phosphorus, total protein, albumin and triglyceride, and electrolytes results including 
sodium, potassium and chloride. MCHC, BUN, GGT, creatinine, total cholesterol showed statistically 
significant alteration from the control group, but most of the values were clinico-pathologically 
insignificant. 

Conclusion: Ethanol fraction of natural Curcuma extract induced no significant difference in clinico-
pathological parameters. The results indicated that ethanol extract from Curcuma longa is not toxic to 
pigs. 

Impact statement: Ethanol fraction of the natural Curcuma extract may be a potential candidate of 
salmonella control measure, helping to reduce use of antibiotics in swine industry. 
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Generation and Characterization of a Novel Mouse Model of Primary Biliary Cirrhosis 

Sonika Patial, Perry Blackshear 
NIEHS, Research Triangle Park, NC, United States 

Introduction: Tristetraprolin (TTP) family of RNA binding proteins, including TTP, ZFP36L1, and 
ZFP36L2 post-transcriptionally regulate inflammatory gene expression by binding to AU-rich elements in 
the 3'untranslated regions of specific mRNAs and enhancing their mRNA turnover. Experimental 
Design: We used a Cre-loxP technology to simultaneously delete the three TTP family proteins (TTP, 
ZFP36L1, and ZFP36L2) in mouse liver. Methods: The three TTP family proteins were simultaneously 
deleted in mouse liver resulting in a triple liver specific knockout (LKO) mouse. The triple LKO mouse was 
phenotypically characterized using clinical, histopathological, immunohistochemical, and transcriptomics 
approaches. Results: The triple LKO mice exhibited significantly increased levels of bile acids and 
bilirubin (total and direct), liver function enzymes, including AST, ALT, ALP, and SDH, and chronic active 
periportal hepatitis with bile duct hyperplasia and fibrosis. Immunohistochemical characterization 
demonstrated increased numbers of CD45+ leucocytes, CD3+ T cells, Pax5+ B cells, and F4/80+ 
macrophages, with small numbers of Ly6G+ neutrophils. Increased expression of alpha-smooth muscle 
actin, a marker of hepatic stellate cell activation and heme-oxygenase-1, a marker of reactive oxygen 
species generation was also found. The characteristic phenotypic findings resemble those seen in 
patients with primary biliary cirrhosis. Conclusions: Simultaneous deletion of the three TTP family 
proteins in mouse liver results in chronic active autoimmune hepatitis in mouse that resembles primary 
biliary cirrhosis. Impact Statement: We generated and characterized a genetic mouse model of primary 
biliary cirrhosis. Our data indicates the involvement of TTP family proteins in protection against 
hepatobiliary pathologic manifestation of inflammatory liver disease. 
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Generation and Characterization of a Novel Mouse Model of Primary Biliary Cirrhosis 

Sonika Patial, Perry Blackshear 
NIEHS, Research Triangle Park, NC, United States 

Introduction: Tristetraprolin (TTP) family of RNA binding proteins, including TTP, ZFP36L1, and 
ZFP36L2 post-transcriptionally regulate inflammatory gene expression by binding to AU-rich elements in 
the 3'untranslated regions of specific mRNAs and enhancing their mRNA turnover. Experimental 
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ZFP36L1, and ZFP36L2) in mouse liver. Methods: The three TTP family proteins were simultaneously 
deleted in mouse liver resulting in a triple liver specific knockout (LKO) mouse. The triple LKO mouse was 
phenotypically characterized using clinical, histopathological, immunohistochemical, and transcriptomics 
approaches. Results: The triple LKO mice exhibited significantly increased levels of bile acids and 
bilirubin (total and direct), liver function enzymes, including AST, ALT, ALP, and SDH, and chronic active 
periportal hepatitis with bile duct hyperplasia and fibrosis. Immunohistochemical characterization 
demonstrated increased numbers of CD45+ leucocytes, CD3+ T cells, Pax5+ B cells, and F4/80+ 
macrophages, with small numbers of Ly6G+ neutrophils. Increased expression of alpha-smooth muscle 
actin, a marker of hepatic stellate cell activation and heme-oxygenase-1, a marker of reactive oxygen 
species generation was also found. The characteristic phenotypic findings resemble those seen in 
patients with primary biliary cirrhosis. Conclusions: Simultaneous deletion of the three TTP family 
proteins in mouse liver results in chronic active autoimmune hepatitis in mouse that resembles primary 
biliary cirrhosis. Impact Statement: We generated and characterized a genetic mouse model of primary 
biliary cirrhosis. Our data indicates the involvement of TTP family proteins in protection against 
hepatobiliary pathologic manifestation of inflammatory liver disease. 

  

  

8 

Immunopathologic Effects of Prednisolone and Cyclosporine A on FIV Replication and 
Persistence 

Craig Miller, Esther Musselman, Jordan Powers, Ryan Mackie, Susan VandeWoude 
Colorado State University, Fort Collins, CO, United States 

Introduction: Feline immunodeficiency virus (FIV) induces opportunistic disease in chronically-infected 
domestic cats, and both prednisolone and cyclosporine A (CsA) are commonly used in clinical practice to 
treat such complications as lymphoma and stomatitis.  However, the consequences of these drugs on FIV 
infection kinetics are still unknown, and understanding their immunomodulatory effect on viral replication 
and persistence is critical to guide safe and effective therapies. Methods: Twelve cats chronically 
infected with FIV were administered immunosuppressive doses of either prednisolone (2 mg/kg) or CsA 
(7 mg/kg) in a cross-over study. Alterations in hematological parameters were monitored by CBC and flow 
cytometry, and compared with FIV RNA and DNA data obtained by quantitative PCR. Repeated 
measures ANOVA, Pearson correlation and multiple regression were used to analyze changes in FIV 
RNA/DNA or hematologic parameters. Results: Both prednisolone and CsA induced acute and transient 
increases in FIV DNA and RNA levels. Surprisingly, CsA caused acute increases in CD8+ and CD4+ 
lymphocytes that correlated with increases in FIV RNA, while alterations in Fas+ lymphocytes correlated 
with proviral DNA.  Similarly, acute increases in CD4+ lymphocytes correlated with increased FIV RNA in 
prednisolone-treated cats.  Cessation of treatment significantly decreased B220+ and CD8+ lymphocytes 
in both prednisolone and CsA-treated cats, but had no effect on FIV viral or proviral loads. Conclusions: 
Both prednisolone and CsA cause acute changes in circulating lymphocytes that affect circulating FIV 
levels.  Results highlight potential immune activation by these drugs and underscore the need for more 
information regarding their long-term, immunopathologic effects during FIV infection. 
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In Vivo Loss of TGF-beta Receptors Type-1 and -2 in Cdh5-Lineage Cells Alters Acute Polymeric 
Graft Remodeling 

Elizabeth Clark1,2, Nathan Mahler1,2, Tai Yi2, George Tellides3, Christopher Breuer1,2 
1The Ohio State University, Columbus, OH, United States, 2Nationwide Children's Hospital, Columbus, 
OH, United States, 3Yale University, New Haven, CT, United States 

Introduction and objectives: Stenosis of tissue engineered vascular grafts (TEVG) remains a critical 
barrier to widespread clinical adoption. Our lab utilized SB431542, a small molecule inhibitor of TGF-beta 
receptor type-1, to reduce TEVG stenosis in a murine model. This experiment seeks to specifically define 
the role of TGF-beta Receptors Type-1 and -2 (TGFBR1, TGFBR2) in lineage-traced endothelial (Cdh5) 
cells. Methods: Transgenic mice were generated with floxed TGFBR1 and TGFBR2 in Cdh5creERT2-
lineage cells line, subject to modulation by tamoxifen, with mTmG reporter cassettes. Polymeric TEVG 
were implanted as vena cava interposition grafts for two weeks in mice with or without tamoxifen-induced 
deletion of TGFBR1 and TGFBR2. Histochemical and immunofluorescent (IF) analysis was performed on 
fixed frozen tissue. Experimental Design: TEVG analysis included histomorphometry, polymer 
degradation, cellularity, extracellular matrix deposition (Masson’s Trichrome), and IF co-localization for 
von Willebrand’s Factor (vWF) and green fluorescent protein (GFP). Results: TEVG graft-luminal area 
and graft area were decreased in treated versus untreated animals (p<0.028; 3.1 x106±1.6x105 μm2 

versus 3.8 x106±2.3x105), and (p<0.035; 2.5 x106±1.7 x105 versus 3.2 x106±1.8 x105 μm 2), respectively. 
More graft polymer remained in treated animals (p<0.04; 9.9%±0.87 versus 7.4%±0.50). IF identified 
vWF+ (untreated) and vWF+/GFP+ (treated) neo-intima. Treated animals demonstrated GFP+ with 
variable vWF labeling in neo-medial cells. ECM deposition and cellularity were similar between the two 
groups. Conclusion: Post-natal loss of TGFBR1 and TGFBR2 alters acute graft remodeling and graft 
polymer degradation kinetics. Impact statement: These findings provide the foundational knowledge to 
elucidate targeted therapeutic approaches to modulate TEVG stenosis. 
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10 

Establishment of a Novel Chronic Hyperplastic Candidiasis Model with Carcinoma in Type 1 
Diabetic Mice 

Yui Terayama, Shiori Yoshida, Tetsuro Matsuura, Kiyokazu Ozaki 
Setsunan University, Hirakata/Osaka, Japan 

Introduction: Chronic oral and esophageal candidiasis sometimes leads to mucosal hyperplasia, and 
progresses to squamous cell carcinoma (SCC). We have reported that alloxan-induced diabetic rats 
perfectly induce chronic hyperplastic candidiasis with Candida albicans (C. albicans) treatment, and that 
some of which advanced to squamous cell carcinoma, but the carcinogenic rate is low in this model. In 
the present study, we try to induce a chronic hyperplastic candidiasis model using diabetic mouse, and to 
enhance the lesion and promote the carcinogenesis by administration of C. albicans and prednisolone. 
Methods and Materials: ICR mice were used and divided into alloxan-induced diabetic mice (AL group), 
alloxan-induced diabetic mice received C. albicans (AC group), and alloxan-induced diabetic mice initially 
infected C. albicans by prednisolone treatment for 3 weeks (AP group). They were sacrificed at 41 weeks 
of age, and analyzed histopathologically. Results: Squamous cell hyperplasia was induced in all mice, 
and in a few cases that progressed to SCC. C. albicans, neutrophils and macrophages infiltrated in 
hyperplastic mucosal surface, and lymphoplasmacytic inflammation was observed in the submucosa and 
lamina propria. The severity of these lesions was the strongest in AC group, and there was little 
difference between AL and AP groups. Conclusion: Chronic hyperplastic candidiasis is induced in all 
alloxan-induced diabetic mice. Repeated administration of C. albicans can enhance hyperplastic lesion, 
however, early infection of C. albicans by prednisolone has no effect on severity of the lesion. Impact 
Statement: We succeeded to establish a chronic hyperplastic candidiasis model with carcinoma in 
diabetic mice. 
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The Effect of HDACi (AR-42) on Canine Prostate Cancer Metastasis 

Said Elshafae, Nicole Kohart, Lucas Altastadt, Wessel Dirksen, Thomas Rosol 
Ohio State University, Columbus, OH, United States 

Introduction: Canine prostate cancer (PCa) is an excellent preclinical model for human PCa. AR-42 is a 
novel histone deacetylase inhibitor (HDACi) developed at Ohio State University that inhibits proliferation 
of multiple myeloma and lung and hepatocellular cancers. Objectives: We investigated whether AR-42 
would prevent or decrease metastasis of PCa to bone. Methods and experimental design: We 
measured the proliferation, cell viability, invasion, and metastasis of a canine PCa cell line (Ace-1) after 
treatment with AR-42, and measured the expression of EMT, stem cell-related markers and anoikis 
resistance genes in Ace-1-treated cells. We investigated the efficacy of AR-42 in prevention of PCa 
metastases in nude mice injected in the left cardiac ventricle with Ace-1 cells. Results: our study showed 
that AR-42 inhibited proliferation of Ace-1 cells in a time and dose-dependent manner. The IC50 
concentration of AR-42 for Ace-1 cells was 0.42 µM. AR-24 induced apoptosis, decreased the migration 
potential and increased stem cell properties of Ace-1 cells in vitro. AR-42 downregulated E-cadherin, N-
cadherin, TWIST, Myoferlin, and anoikis resistance and osteomimicry genes while it upregulated Snail, 
PTEN, FAK and ZEB1 in Ace-1 cells. Interestingly, AR-42 decreased the number of bone metastases in 
nude mice and induced apoptosis and morphological changes in the metastases. Conclusion: these 
data demonstrated that AR-42 decreased the progression of PCa bone metastasis, induced apoptosis in 
cancer cells established in bone and diminished the effect of PCa cells on bone cells. Impact: AR42 is a 
potent HDACi that can be used to inhibit PCa metastasis. 
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12 

Evaluation of Hotspot Mutations in Idh1, Idh2, Braf, and Egfr Genes in Rat Glial Tumors 

Miaofei Xu1, Hue-Hua Hong1, Ramesh Kovi1,2, Kyathanahalli Janardhan3, Susan Elmore1, Paul Foster1, 
John Bucher1, Robert Sills1, Arun Pandiri1 
1Division of National Toxicology Program (DNTP), NIEHS, Research Triangle Park, NC, United States, 
2Experimental Pathology Laboratories Inc., Research Triangle Park, NC, United States, 3Integrated 
Laboratory Systems, Research Triangle Park, NC, United States 

Introduction: Glial tumors are rare in laboratory rodents and the underlying genetic alterations of these 
tumors in rodents are not clearly understood. About 80% of human gliomas (grade II and III, secondary 
Glioblastoma multiforme (GBM)) harbor mutations in IDH1 gene. Due to the importance of these tumors 
for public health, it is essential to compare the molecular changes of rat glial tumors with equivalent 
human diseases.  

Experimental Design and Methods: Sanger sequencing was used to examine mutations in hot-spot 
regions of four genes (Idh1, Idh2, Braf, and Egfr) that are highly relevant in human glial tumor biology. We 
evaluated 15 FFPE Harlan Sprague Dawley (HSD) rat gliomas from an NTP study where there were no 
treatment effects on the glial tumor incidence (vehicle controls = 4; treated rats =11/3 treatment groups; 
n=50/group). 

Results: Egfr mutations were detected in 55% (6/11) of the gliomas from treated HSD rats. Double 
mutations were found in high dose-treated animals at exon 21 or exons 20 and 21. Surprisingly, no 
mutations were detected in Idh1, Idh2 and Braf genes that matched to hot spot mutations in human 
gliomas. No mutation was observed in spontaneous gliomas (0/4). 

Conclusion: In contrast to most human gliomas which harbor mutations in IDH1, the rat gliomas seem to 
be Idh1 wild type with mutations in the Egfr gene. 

  

Impact statement: The gliomas in the HSD rats appear to share some genetic alterations with primary 
human GBMs. Further studies will evaluate similar genetic alterations in glial tumors from F344 rats. 
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Expression of Immune Checkpoint Molecules in Mantle Cell Lymphoma 

Bonnie Harrington, Lapo Alinari, Robert Baiocchi, John Byrd, Amy Johnson 
Ohio State University, Columbus, OH, United States 

Introduction: Mantle cell lymphoma (MCL) is an aggressive, incurable malignancy, and in spite of 
improvements made with kinase inhibitors, outcome for most patients is poor. A novel class of drugs 
called immune checkpoint inhibitors has improved survival times in solid cancers and other lymphomas by 
enhancing anti-tumor immunity, but preclinical investigations in MCL are lacking. Herein, we 
comprehensively evaluate the expression of immune checkpoint molecules in MCL, providing rationale for 
therapeutic blockade of one or more of these molecules. 

Methods and Results: Cryopreserved primary MCL cells from peripheral blood showed expression PD-
L1, CD200, LAG-3 and PD-1 mRNA by RT-PCR. By flow cytometry, cells showed significant surface 
expression of PD-L1 (p=0.04), and varying expression of CD200, and PD-1 surface proteins (not 
statistically significant). LAG-3 was not expressed by flow cytometry. PD-L2 and CTLA-4 were not 
expressed by flow cytometry or RT-PCR. Following co-culture with activated T-cells, PD-L1 surface 
expression was induced in primary MCL cells, as compared to MCL cells alone (p=0.0005), or MCL cells 
with (non-activated) T-cells (p=0.0117), whereas expression of PD-L2, PD-1, CD200, CTLA-4, and LAG-3 
did not change.  

Conclusion: We have shown that primary MCL cells express the immune checkpoint molecule PD-L1 
both constitutively and following contact with activated T-cells (as may occur in the tumor 
microenvironment). Additionally, some patients constitutively express CD200 and PD-1. Signaling through 
all three of these molecules is associated with reduced anti-tumor immunity, and all can be clinically 
targeted with blocking antibody. These studies provide rationale for clinical investigations with immune 
checkpoint inhibitors. 
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14 

Suppression of Ovarian Cancer Growth and Metastasis with HO-3867, a STAT3 Inhibitor, in Ex 
Vivo Slice Culture of Human Tumors and Orthotopic Tumor Mouse Models 

Shan Naidu1,2, Uksha Saini2, Adam ElNaggar2, Hemant Bid2, Ross Wanner2, Emily Sudhakar2, Adrian 
Suarez2, Jeff Hays2, Peter Houghton2, Nobuko Wakamatsu1, David Cohn2, Karuppaiyah Selvendiran2 
1Louisiana State University, Baton Rouge, LA, United States, 2The Ohio State University, Columbus, OH, 
United States 

  

Objective: Having previously confirmed the efficacy of novel therapeutic compound HO-3867 in in-vitro 
and xenograft models, our goal for the current study was to investigate the compound in vivo in clinically 
relevant models such as orthotopic mouse model of ovarian carcinoma (OMOC) and in ex vivo tissue 
slice culture of human high grade serous ovarian carcinoma (Ex-HGSC). Methods: OMOC was 
developed by injecting tumor cells directly into intrabursal space, followed by administration of HO-3867 
in oral or intraperitoneal route. Feed intake and body weight were monitored, and tumor volume was 
assessed by PET/CT imaging. Internal organs including tumors were collected from OMOCs after 6 
weeks of treatment and analyzed by histopathology, immunohistochemistry (IHC), RT-PCR, Western blot 
and protein array. Drug bio-absorption was quantified by LCMS. 400 um thick slices of freshly collected 
human HGSCs were treated with HO-3867 for 72 hours, and analyzed similar to mouse tumors. Results: 
HO-3867 significantly suppressed ovarian tumor growth and metastasis compared to Cisplatin. IHC and 
protein array showed decreases in pSTAT3, cell proliferation marker (Cyclin D1) and VEGF in treated 
tumors. Matrigel assay confirmed reduced blood vessel formation. Histopathology showed increased 
apoptosis with concurrent elevation of oxidative damage marker in tumors, without any toxicity to other 
internal organs. HO-3867 also dramatically induces histologic markers of cytotoxic damage in tumor cells 
in Ex-HGSC. Conclusion: Our results provide strong evidence to the clinical relevance and anti-cancer 
potential of HO-3867, a novel STAT3 inhibitor. 
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Effect of Histone Deacetylase Inhibitor (AR-42) on Feline Mammary Cancer In Vivo and In Vitro 

Aylin Alasonyalilar Demirer11,2, Said Elshafae1,3, Wachiraphan Supsavhad1, Bardes Hassan1,4, Nicole 
Kohart1, Lucas Alstadt1, Wessel Dirksen1, Thomas Rosol1 
1The Ohio State University, Columbus, OH, United States, 2Uludag University, Bursa, Turkey, 3Benha 
University, Benha, Kaluobia, Egypt, 4Cairo University, Cairo, Egypt 

Introduction: Feline mammary carcinoma (FMC) is a relevant model for invasive and metastatic human 
breast cancer. AR-42 is a novel histone deacetylase inhibitor (HDACi) that has been shown to suppress 
growth of human breast cancer and blocked metastasis in a xenograft mouse model. Objectives: We 
investigated the effect of AR-42 on tumor growth and lung metastasis of a feline mammary cancer cell 
line (FMCm) vitro and in vivo. Methods and experimental design: The proliferation and migration of 
FMCm was measured after treatment with different concentrations of AR-42, and the expression of 
PDGFA, PDGFB, PDGFC, VEGFR-3, VEGFD, EGFR and FGF2 mRNA was measured by quantitative 
RT-PCR. We evaluated the effect of AR42 on mammary tumor growth and metastasis after mammary fat 
pad and tail vein injections in nude mice using bioluminescent imaging and postmortem examination. 

  

Results: AR-42 inhibited proliferation of FMCm cells in a time- and dose-dependent manner. AR-42 
decreased the motility of FMCm cells in vitro. In addition, AR-42 decreased tumor growth in the mammary 
fad pad and bioluminescence evidence of lung metastasis in nude mice, and induced apoptosis and 
necrosis in the tumors. AR-42 downregulated the expression level of PDGFA, EGFR and VEGFD when 
compared to controls. Conclusion: These data demonstrated that AR-42 had a potent effect against 
feline mammary carcinomas both in vitro and in vivo. Impact: AR42 is a novel HDACi that has the 
potential to reduce tumor growth and lung metastasis in mammary cancer. 
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Discovery of Ethyl Urea Derivatives as Inhibitors of Human Islet Amyloid Polypeptide Fibrillization 
and Cytotoxicity 

Jessica S. Fortin1, Marie-Odile Benoit-Biancamano2, René C.-Gaudreault3 
1University of Missouri, Columbia, MO, United States, 2Université de Montréal, Saint-Hyacinthe, QC, 
Canada, 3CR CHU de Québec, Québec, QC, Canada 

Introduction: Human islet amyloid polypeptide (hIAPP) has been shown to form amyloid deposits in 
pancreatic islets, thereby furthering type 2 diabetes disease progression. A number of naturally occuring 
products bearing polyphenol moieties have been shown to inhibit hIAPP fibrilization. Generally, those 
molecules lack selectivity and exhibit poor bioavailibility, thus limiting their clinical application. Further 
discovery of new molecules is needed to create a diverse set of molecules (for structure activity studies) 
that impede pancreatic amyloidosis and have appropriate pharmaceutic properties. Experimental 
Design: We have recently designed and synthesized N-phenyl-N'-(2-ethyl)ureas (EU) that are non-
cytotoxic small molecules, to evaluate the role of the aryl-substituted moiety on the inhibition of hIAPP 
fibrillization. Methods: Thirty EUs were tested in vitro for their anti-amyloidogenic activity using the 
fluorometric ThT assay. The photo-induced cross-linking (PIUCP) assay and cell survival assay in 
pancreatic MIN-6 cells were conducted with a selection of potent molecules. Transmission electron 
microscopy (TEM) was used to visualise the amyloid fibrils and for the qualitative comparison between 
two EUs and controls. Results: The findings of the present study demonstrate that compound EU-362 is 
able to significantly inhibit the formation of hIAPP fibrils and protect cells from amyloid cytotoxic effects. 
Conclusion: Our results suggest that increasing the nucleophilic potency of the aryl moiety significantly 
enhances the anti-amyloidogenic activity of the molecules. Impact statement: This structure-activity 
relationship study of EU may present a new opportunity to develop inhibitors of pancreatic amyloidosis. 
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Strain-Specific Sensitivity and Resistance to Carbon Nanotube Lung Exposures among Common 
Inbred Strains of Mice 

Evan Frank1, Vinicius Carreira1, Kumar Shanmukhappa2, Mario Medvedovic1, Dan Prows2, Jagjit Yadav0 
1University of Cincinnati, Cincinnati, OH, United States, 2Cincinnati Children's Hospital Medical Center, 
Cincinnati, OH, United States 

The risk of human exposure to fibrous nanoparticles has risen dramatically in recent years due to widely 
forecasted increases in the manufacture and widespread use of carbon nanotubes (CNTs). CNTs are 
present as airborne particulates in occupational settings and their hazard potential has been 
demonstrated in experimental lung exposure studies using rodents. Although inbred mouse strains are 
used extensively in such studies, strain-specific sensitivity to exposure-related sequelae has not been 
investigated. In this work, common inbred strains were exposed to 4 mg/kg CNTs (n=5) via oropharyngeal 
aspiration over a 28-day timecourse. Lung pathology and cellular infiltration were evaluated with the 
objective of evaluating sensitivity/resistance among strains. We found that C57Bl/6 mice developed more 
extensive type II pneumocyte (T2P) hyperplasia, alveolar wall thickening, and alveolar infiltrate compared 
to resistant DBA/2 mice. However, nodular granulomatous foci were induced by CNTs in both strains. We 
used immunohistochemical staining to probe the cellular composition of these foci, finding that they 
comprised mainly T2Ps with occasional macrophages and T-cells. Surprisingly, DBA/2 but not C57Bl/6 
mice were extremely sensitive to increases in leukocytes recovered in bronchoalveolar lavage fluid. 
These findings are novel in showing strain-specific sensitivity to nanoparticle exposures and both inform 
the design of studies using inbred strains and, furthermore, indicate the likelihood of genetic susceptibility 
to CNT exposures among humans. Underlying gene expression patterns in sensitive/resistant strains 
were compared using mRNA sequencing to indicate possible regulatory networks underpinning 
sensitivity. Differentially impacted networks were related to lung damage and development of respiratory 
system tumors. 



25

The Basis and relevance of Variation  
in Toxicologic responses

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

17 

Strain-Specific Sensitivity and Resistance to Carbon Nanotube Lung Exposures among Common 
Inbred Strains of Mice 

Evan Frank1, Vinicius Carreira1, Kumar Shanmukhappa2, Mario Medvedovic1, Dan Prows2, Jagjit Yadav0 
1University of Cincinnati, Cincinnati, OH, United States, 2Cincinnati Children's Hospital Medical Center, 
Cincinnati, OH, United States 
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Differential Receptor Tyrosine Kinase Phosphorylation in Uterine Tissue of Rats following 
Developmental Exposure to Tetrabromobisphenol A 

Trey Saddler1, Linda Yu1, Julie Foley2, Alicia Moore1, Linda Birnbaum3, Darlene Dixon1 
1Molecular Pathogenesis Group, National Toxicology Program Laboratory (NTPL), National Institute of 
Environmental Health Sciences (NIEHS), Research Triangle Park, NC, USA, 22Special Techniques 
Group, Cellular and Molecular Pathology Branch, National Toxicology Program (NTP), National Institute 
of Environmental Health Sciences (NIEHS), Research Triangle Park, NC, USA, 3National Cancer Institute 
at the National Institute of Environmental Health Sciences (NIEHS), Research Triangle Park, NC, USA 

Introduction: Female Wistar Han rats in a National Toxicology Program (NTP) 2-year bioassay 
developed uterine tumors after exposure to high doses of TBBPA; however, early effects in the uterus 
remain unknown. Evidence exists that insulin-like growth factor 1 (IGF-I) gene expression is increased in 
rat uteri after short-term TBBPA exposure. Experimental Design: We were interested in determining the 
effects of TBBPA on phosphorylation of growth factor receptor tyrosine kinases (RTKs) following early life 
exposures. Pregnant Wistar Han rats were exposed to TBBPA (0, 0.1, 25, 250 mg/kg/day) via gavage at 
gestation day 6 through weaning of pups (PND21). Pups were exposed in utero, through lactation and by 
daily gavage from PND 22 to PND 90. Uterine horns were collected from pups at PND 21, 33, and 90 and 
frozen. Methods: Frozen uterine horns were weighed, homogenized, and protein was extracted. Protein 
from all dose groups was run on a Phospho-RTK array. Results: Phosphorylated RTKs were 
overexpressed at PND21, PND33 and PND90 in uteri of TBBPA-treated rats from all dose groups 
compared to controls. These included epidermal growth factor receptor (EGFR), hepatocyte growth factor 
receptor (HGFR; c-Met), macrophage-stimulating protein receptor (MSPR; RON) and IGF-IR. 
Conclusion: Based on preliminary data, TBBPA induced altered phosphorylation of RTKs in young rats 
(PND 21 and 33) that persisted into adult life (PND 90). Impact Statement: Dysregulation of RTKs known 
to be associated with cell proliferation, adipogenesis, or inhibition of apoptosis may contribute to the 
development of TBBPA-induced uterine tumors observed in rats later in life. 
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Biotinylated Mouse Anti-Human HER2 Monoclonal Antibody in Normal Fresh Human and 
Cynomolgus Monkey Tissues 

Tiansheng Zhou, Yu Ma, Xiuying Yang 
WuXi AppTec (Suzhou) Co., Ltd., Suzhou, China 

Introduction: HER2-positive breast cancer is the most common cancer worldwide, HER2-directed 
therapies by using monoclonal antibody have been proved to be a reliable method. Tissue Cross-
Reactivity study is a regulatory requirement for the development of antibody drugs. This study was to 
evaluate the potential reactivity of a commercial biotinylated-HER2 monoclonal antibody with cryosections 
of a panel of normal human and Cynomolgus monkey tissues. Experimental Design: Biotinylated-HER2 
monoclonal antibody was applied at 2 μg/mL. Normal human skin tissue was used as positive control. 
Mouse IgG1 was used as isotype control. 0.01 mol/L PBS was used as reagent control. Bound antibody 
was detected with a Streptavidin-Horseradish Peroxidase reaction. Result: No staining was observed in 
reagent control and isotype control group. Biotinylated-HER2 monoclonal antibody specific staining in 
human and monkey tissues was observed in the plasma membrane/cytoplasm of the muscle cells and in 
the epithelial cells in the mammary gland, kidney, lung, thyroid, and tonsil. Specific staining in the human 
tissues was also observed in the epithelial cells of the prostate gland and testis. Specific staining in the 
monkey tissues was also observed in the mesothelial cells of the ovary, Hassall's corpuscles of the 
thymus, epithelial cells in the cervix, islet of Langerhans of the pancreas and rods and cones of the eye. 
Conclusion: Given the broad expression of HER2 in various epithelial tissues, the staining observed with 
this antibody was judged expected, whereas, specific staining in the muscle cells and in the rods and 
cones of the eye hasn't been reported. 
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Induction of Inflammatory SMAD7 Expression in a Model of Anti-CD40 Antibody-Induced Acute 
Innate Colitis in Mice 

Jing Ying Ma, Sandra Snook, Leon Chang, Marciano Sablad, Siquan Sun, Matthias Hesse 
Janssen Research & Development, L.L.C., San Diego, CA, United States 

Introduction: Reproducible upregulation of SMAD7 protein in rodent models of lower GIT inflammation 
has not been reliable demonstrated so far. We report that induction of severe acute colitis in lymphopenic 
RAG mice with an agonistic anti-CD40 antibody induces significant upregualtion of SMAD7 protein in 
inflammatory lesions and subsequent reduction in SMAD3 phosporylation. Experimental Design: Female 
RAG-/- mice were subcutaneously injected 200 µg of anti-CD40 antibody or isotype in a volume of 200 µL 
on day 0 and proximal colon samples were collected on day 1, 2, 3 5, 7 or 10. Methods: Colon samples 
were 10% formalin fixed, paraffin embedded, sectioned and immunohistochemicaly stained for H&E, 
SMAD7 and p-SMAD3. Results: Histopathological changes were observed in anti-CD40 treated mice, 
with the most severe colitis observed on day-7. SMAD7 expression was significantly upregulated in the 
inflammatory infiltrates of the lamina propria in late stage disease. SMAD7+ cells were largely absence 
from day 1-3 after disease induction, were noted on day 5 in lamina propria, and became abundant on 
day 7-10. Subsequently, lower p-SMAD3 IHC staining was observed in SMAD7+ areas on day 10. 
Conclusion: Acute innate colonic inflammation induces upregulation of SMAD7 protein and reduction in p-
SMAD3 in anti-CD40 antibody induced colitis. Impact statement: It indicates that CD40 antibody-induced 
colitis might be a valuable model to investigate the role of SMAD7 in vivo, and for testing potential 
SMAD7 inhibitors. 
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Effect of Time and Storage Conditions on Prothrombin Time, Activated Partial Thromboplastin 
Time, and Fibrinogen Concentration in Rat Sodium Citrate Plasma Samples 

Tara Arndt1, Brenda Ortiz1, Julia Holroyd2, Frances Clemo1 
1Covance Laboratories, Madison, WI, United States, 2Covacne Laboratories, Harrogate, United Kingdom 

Introduction  

Storage effects were assessed on prothrombin time (PT), activated partial thromboplastin time (APTT), 
and fibrinogen concentration in citrated rat plasma. 

Methods /Experimental Design 

Pooled sodium citrate rat plasma was centrifuged and separated within one hour of collection and 
aliquots were analyzed for PT, APTT, and fibrinogen concentration at select time and temperature 
storage combinations. Baseline results were obtained approximately one hour post collection; remaining 
aliquots were analyzed when held at a) room temperature for 1, 2, 3, and 4 hours b) ≤ -50°C for 1, 7, and 
13 days with immediate analysis post thaw and c) 1, 2, 3, 4, and 6 hours at room temperature post thaw 
after 1 day at ≤ -50°C. 

Results 

Acceptance criteria (80-120% variability compared to baseline) were met for all individual fibrinogen 
concentration and PT time points and mean APTT met acceptance criteria at several time points. 

Conclusion 

In rat sodium citrate plasma, fibrinogen and PT are stable when stored at room temperature for ≤ 6 hours, 
at ≤ -50°C for ≤ 13 days, and at room temperature for ≤ 2 hours post thaw after 1 day at ≤ -50°C and 
APTT is stable when stored at room temperature for ≤ 3 hours, at ≤ -50°C for ≤ 13 days, and at room 
temperature for ≤ 2 hours post thaw after 1 day at ≤ -50°C. 

Impact Statement 

In rat sodium citrate plasma, fibrinogen and PT are more stable than APTT; APTT samples should be run 
immediately post collection for greatest accuracy. 
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Chaperone-Mediated Autophagy in Renal Tubules after Treatment with a PEG-Linked Protein: In 
Vitro and In Vivo Tools for Early Screening of Reversible Kidney Tubular Epithelial Cell Toxicity 

James McDuffie, Steven Lee, Jing Ying Ma, Sinae Lee, Justin Kanerva, Yafei Chen, Sandra Snook, 
Freddy Schoetens 
Janssen Research & Development, LLC, San Diego, CA, United States 

Polyethylene glycol (PEG)-linked peptides may induce reversible cytoplasmic kidney proximal cortical 
tubular epithelial cell vacuolation (CTECv); yet, the mechanisms responsible for this phenomenon remain 
unclear. Regulatory authorities continue to encourage pharma companies to conduct exploratory studies 
to evaluate the translational relevance of treatment-induced nephrotoxicity. Therefore, Janssen scientists 
sought to identify mechanistic biomarkers to enable monitoring for induced CTECv in adult male adult 
Sprague-Dawley (SD) rats and adult SD rat-derived cortical tubular epithelial cell (rCTEC) cultures. 
Animals and cell cultures were exposed to an undisclosed proprietary 30 kDa PEG-linked Peptide (30 
kDa PEG-P). Where applicable, the time course of progressive and reversible CTECv and associated 
changes in traditional serum/urine-based biochemistry parameters, micro/ultrastructural kidney 
alterations, cortical gene/protein expression profiles, and novel kidney injury protein biomarkers in serum, 
urine, rCTECs and/or culture medium. Additionally, cellular viability and the expression levels of 
autophagy signaling and kidney cell injury protein markers were monitored from unconjugated PEG and 
30 kDa PEG-P-treated rCTECs. These investigations revealed that 30 kDa PEG-P-induced CTECv 
appeared as an adaptive/cytoprotective response characterized by monitorable biomarker changes 
indicative of reversible chaperone-mediated autophagy in adult SD rat CTECs. 
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Spontaneous Findings in the Eyes of Mauritian Cynomolgus Monkeys (Macaca fascicularis) 

Jochen Woicke1, Solomon Haile2, Jagannatha V. Mysore1, W. Michael Peden1, Typhaine Lejeune2, 
Thomas A. Brodie1, Thomas P. Sanderson1 
1Bristol-Myers Squibb Research and Development, Drug Safety Evaluation, Princeton, NJ, United States, 
2Charles River Laboratories, Preclinical Services, Pathology Division, Senneville, Quebec, Canada 

Introduction: To appropriately correlate drug-related ophthalmologic eye lesions in two 3-month monkey 
studies, an extensive histopathologic examination of eyes was performed including on eyes from controls 
and stock monkeys. Here, the spontaneous changes noted in the eyes of control and stock cynomolgus 
monkeys are described and illustrated by photomicrographs.  
Experimental Design & Methods: Eyes from 20 naive control cynomolgus monkeys (Macaca fascicularis 
of Mauritian origin) from two 3-month toxicity studies and eyes from 17 stock monkeys were fixed in 
Davidson's/modified Davidson's fixative. 20 to 44 H&E-stained horizontal step sections per eye, including 
optic disc and fovea, were examined by light microscopy. The results were compared with observations 
made in routinely examined eyes from control monkeys of toxicity studies.  
Results: Common observations included mononuclear cell infiltrations of the uvea and/or 
conjunctiva/sclera and cysts at the ora serrata. Uncommon findings were retinal atrophy/degeneration, 
photoreceptor atrophy, ciliary body and retinal cysts, cystic degeneration of the inner nuclear layer, 
vacuolar degeneration of the ciliary epithelium, glial nodules, inflammation of the conjunctiva/sclera, uveal 
nevus, retinal nuclear displacement, and decreased pigmentation of the retinal pigment epithelium. 
Conclusion: As expected, extensive histopathologic eye examinations resulted in higher incidences and 
an extended spectrum of background changes when compared to historical databases. 
Impact statement: Descriptions of spontaneous eye lesions in monkeys are scarce; by extensive 
histopathologic examination, we identified several, which are described. In case of expected eye toxicity, 
a more extensive microscopic eye examination should be considered. 



31

The Basis and relevance of Variation  
in Toxicologic responses

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

23 

Spontaneous Findings in the Eyes of Mauritian Cynomolgus Monkeys (Macaca fascicularis) 

Jochen Woicke1, Solomon Haile2, Jagannatha V. Mysore1, W. Michael Peden1, Typhaine Lejeune2, 
Thomas A. Brodie1, Thomas P. Sanderson1 
1Bristol-Myers Squibb Research and Development, Drug Safety Evaluation, Princeton, NJ, United States, 
2Charles River Laboratories, Preclinical Services, Pathology Division, Senneville, Quebec, Canada 

Introduction: To appropriately correlate drug-related ophthalmologic eye lesions in two 3-month monkey 
studies, an extensive histopathologic examination of eyes was performed including on eyes from controls 
and stock monkeys. Here, the spontaneous changes noted in the eyes of control and stock cynomolgus 
monkeys are described and illustrated by photomicrographs.  
Experimental Design & Methods: Eyes from 20 naive control cynomolgus monkeys (Macaca fascicularis 
of Mauritian origin) from two 3-month toxicity studies and eyes from 17 stock monkeys were fixed in 
Davidson's/modified Davidson's fixative. 20 to 44 H&E-stained horizontal step sections per eye, including 
optic disc and fovea, were examined by light microscopy. The results were compared with observations 
made in routinely examined eyes from control monkeys of toxicity studies.  
Results: Common observations included mononuclear cell infiltrations of the uvea and/or 
conjunctiva/sclera and cysts at the ora serrata. Uncommon findings were retinal atrophy/degeneration, 
photoreceptor atrophy, ciliary body and retinal cysts, cystic degeneration of the inner nuclear layer, 
vacuolar degeneration of the ciliary epithelium, glial nodules, inflammation of the conjunctiva/sclera, uveal 
nevus, retinal nuclear displacement, and decreased pigmentation of the retinal pigment epithelium. 
Conclusion: As expected, extensive histopathologic eye examinations resulted in higher incidences and 
an extended spectrum of background changes when compared to historical databases. 
Impact statement: Descriptions of spontaneous eye lesions in monkeys are scarce; by extensive 
histopathologic examination, we identified several, which are described. In case of expected eye toxicity, 
a more extensive microscopic eye examination should be considered. 

24 

The Cynomolgus Macaque Model of Pneumonic Tularemia 

Lynda Lanning1, Patrick Sanz1, Larry Wolfraim1, Christopher Houchens2, Kristian Omland3, Mark 
Williams1, Judith Hewitt1, Tina Guina1 
1NIAID/NIH/HHS, Bethesda, MD, United States, 2BARDA, Washington, DC, United States, 3Mergus 
Analytics, Jericho, VT, United States 

Introduction: The National Institute of Allergy and Infectious Diseases and the Biomedical Advanced 
Research and Development Authority formed a Working Group for qualification of the cynomolgus 
macaque (Macaca fascicularis) model of pneumonic tularemia as a Drug Development Tool with the Food 
and Drug Administration. Qualification of an animal model through FDA's Animal Model Qualification 
Program is limited to those proposed for use in product approval under the Animal Rule and provides 
a regulatory mechanism for approval based on efficacy of new-generation therapeutics and vaccines in 
suitable animal models. The adequacy of an animal model for qualification is based on data from natural 
history studies and the human disease or condition showing that the specific animal species given a 
specific challenge agent by a specific route, produces a disease that corresponds to the human disease 
of interest in multiple important aspects.  Experimental Design: LD50 and natural history studies were 
performed at Battelle Biomedical Research Center, Lovelace Respiratory Research Institute and United 
States Army Medical Research Institute for Infectious Diseases in 2007-2015 to evaluate mortality, 
average time to death, average time to fever onset, average interval between fever and death, initial level 
of bacteremia post-challenge, timing of bacteremia onset, clinical signs, necropsy findings and 
histopathology.   Results and Conclusion: Data collected to date support the conclusion that symptoms 
and signs of pneumonic tularemia in cynomolgus macaques exposed to a target dose of 1,000 cfu (range 
300 to 3000 cfu) aerosolized F. tularensis Schu S4 and human pneumonic tularemia cases are highly 
similar. 
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Acute Alloxan Toxicity Initially Causes Degeneration of Thick Ascending Limbs of Henle without 
Involving GLUT2 

Kiyokazu Ozaki1, Yui Terayama1, Yasushi Kodama2, Tetsuro Matsuura1 
1Setsunan University, Hirakata/Osaka, Japan, 2Hiroshima International University, Kure/Hiroshima, Japan 

  

Introduction: Alloxan (AL) is a material well-known to induce diabetes. Prior to inducing a prolonged 
diabetic state, alloxan causes acute tubulointerstitial nephritis.  However, the precise primary target site 
and mechanism of its nephrotoxicity remain unclear. The objective of this study is to evaluate the 
morphological characteristics relevant to acute renal toxicity followed by AL administration.  Experimental 
Design and Method: Seven-week-old rats were randomly divided into 6 groups. Rats were intravenously 
treated with 50 mg/kg alloxan, and each group was sacrificed at 8 hours, and 1, 2, 4 and 7 days for 
histopathological, immunohistochemical and ultrastructural examination. Results: Eight hours after AL 
treatment, aquaporin 1-negative and Na/K pump-positive thick ascending limbs of Henle (TAL) were 
degenerated in the corticomedullary junction. These tubular lesions progressed from the corticomedullary 
junction to the cortex. At day 2 after AL treatment, the lesions reached a peak, then both proximal and 
distal tubules also showed degeneration and necrosis, and tubular regeneration was seen in 
TAL.  Immunohistochemically, damaged tubular epithelium included slightly enlarged prohibitin-positive 
granules, but expressed no GLUT-2, which is an AL transporter. Ultrastructurally, cytoplasmic and 
mitochondrial swelling was detected in degenerated cells of TAL. Conclusion: These findings suggest that 
AL initially causes degeneration of TAL, and induces mitochondrial and cellular damage of tubular 
epithelium without involving GLUT-2. Impact statement: AL inititially causes degeneration of thick 
ascending limbs of Henle without involving GLUT-2. 
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Comparison of Coumarin-Induced Acute and Chronic Hepatotoxicity of Rat 

Yasuhiro Tanaka1,2, Hisako Hori1, Wataru Fujii1, Yoshinori Kitagawa1, Kiyokazu Ozaki2 
1Suntory Business Expert Limited, Kyoto, Japan, 2Laboratory of Pathology, Faculty of Pharmaceutical 
Sciences, Setsunan University, Osaka, Japan 

  

[Background] The manifestation of coumarin-induced hepatotoxicity may differ and depend on the 
frequency of administration to rats, although the detailed mechanism is unclear. Therefore, in this study, 
we examined the difference in toxicities and the underlying mechanisms. [Methods]Coumarin was 
administered to male rats as a single dose or for 28 consecutive days, and samples were obtained. We 
also collected blood with time and measured concentration of coumarin and metabolites to examine the 
change of blood concentration. Furthermore, we carried out an in vitro assay for the purpose of 
confirming the cytotoxicity of the coumarin and metabolites. [Results]At single dose of coumarin, the 
hepatotoxicity was characterized by centrilobular hepatocellular necrosis. At repeated dose, the 
hepatotoxicity which suggests biliary system disorder was observed. The Cmax of coumarin and 
metabolites at repeated dose showed lower value and the elimination time was delayed compared to the 
single dose. Histopathologically, at repeated dose, CYP2E1 was accumulated in the expanded ER of the 
centrilobular hepatocytes. On cytotoxic assay, coumarin did not induce cytotoxicity under non-metabolic 
activate condition. However, under metabolic activation with S9mix only, coumarin induced severe 
cytotoxicity, and S9mix and co-factor for conjugation induced milder effects. [Conclusion]These results 
suggest that the change of in vivo kinetics of coumarin and subcellular localization of CYP2E1 might be 
implicated in the acquisition of coumarin resistance after repeated doses. In addition, it was possible that 
the coumarin conjugate metabolite may participate in biliary system disorder. [Impact statement]The part 
of the mechanism of coumarin-induced hepatotoxicity became clear. 
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Procedure Related Findings in Rats with Application of Restraints around the Torso and Neck 

Keith Nelson1, Kathleen Storves2, Joelle Ibannes1, Zac Lloyd1, Charlotte Hollinger3 
1MPI Research, Mattawan, MI, United States, 2ViCapSys, Athens, GA, United States, 3Wildlife 
Conservation Society, Bronx, NY, United States 

Introduction: Non-dose-related meningeal thrombosis was identified in rat studies utilizing 6 hour 
Elizabethan collar (E-collar) or body wrapping restraints to prevent animal access to administered test 
substances. It was hypothesized lesion development would relate to duration and type of restraint. 
Methods: A 28-day study was designed to evaluate lesion development in rats exposed to E-collar 
placement or toga-style body wrapping across the torso and neck for varying duration. Groups contained 
12 adult Sprague Dawley rats each (6/sex), receiving either E-collar or toga wrapping for 1, 3, or 6 hours 
per day. The control group was not manipulated. Results: There were no differences in clinical 
observations, clinical pathology, or organ weights between any groups. Microscopic thrombosis of varying 
chronicity was identified within the meninges, predominantly associated with the pineal gland, in 5 
animals (42%) with 6-hour E-collar placement, 3 animals (25%) with 3-hour E-collar placement, 5 animals 
(42%) with 6-hour toga wrapping, and 2 animals (17%) with 3-hour toga wrapping. Animals in 1-hour 
restraint and control groups were unaffected. Animals in 6-hour and 3-hour toga wrapping groups also 
had increased pulmonary perivascular/peribronchiolar eosinophilic infiltrates [5 (42%) and 4 (33%), 
respectively], and two animals (17%) in the 6-hour toga wrapping group had areas of liver inflammation, 
fibrosis, and necrosis. Conclusion/Impact: These results indicate procedure-related findings associated 
with the prolonged application of restraints around the neck/torso of rats and suggest that the use of such 
restraints for 3 or more hours daily should be avoided to minimize potential confounding procedure-
related findings. 
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Procedure Related Findings in Rats with Application of Restraints around the Torso and Neck 

Keith Nelson1, Kathleen Storves2, Joelle Ibannes1, Zac Lloyd1, Charlotte Hollinger3 
1MPI Research, Mattawan, MI, United States, 2ViCapSys, Athens, GA, United States, 3Wildlife 
Conservation Society, Bronx, NY, United States 
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chronicity was identified within the meninges, predominantly associated with the pineal gland, in 5 
animals (42%) with 6-hour E-collar placement, 3 animals (25%) with 3-hour E-collar placement, 5 animals 
(42%) with 6-hour toga wrapping, and 2 animals (17%) with 3-hour toga wrapping. Animals in 1-hour 
restraint and control groups were unaffected. Animals in 6-hour and 3-hour toga wrapping groups also 
had increased pulmonary perivascular/peribronchiolar eosinophilic infiltrates [5 (42%) and 4 (33%), 
respectively], and two animals (17%) in the 6-hour toga wrapping group had areas of liver inflammation, 
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restraints for 3 or more hours daily should be avoided to minimize potential confounding procedure-
related findings. 

28 

Reflux-Related Otitis Media and Meningitis in Rats after Gavage Dosing 

Hetty van den Brink-Knol1, Nils Krueger2, Klaus Weber3 
1WIL Research Europe B.V., 's-Hertogenbosch, Netherlands, 2Evonik Resource Efficiency GmbH, Hanau-
Wolfgang, Germany, 3AnaPath GmbH, Liestal, Switzerland 

Introduction: Gavage-related reflux and retrograde aspiration of gastric contents/test formulation is 
described for rodents and can be associated with unexpected mortality. A range of reflux-related 
histopathological findings are described and consist of inflammatory, necrotic and/or metaplastic changes 
in the nasopharynx, nasal cavity and nasal sinuses. Experimental design/results: In a 28-day with 14-
day recovery study in Wistar (Han) rats (30 males, 30 females, 6 weeks of age on study day 1) two male 
and two female rats of the mid and high dose group were sacrificed moribund between 6 and 14 days of 
treatment. Microscopic evaluation revealed inflammatory changes in the nasopharynx and nasal cavity 
indicative of gavage-related reflux. In addition, all four animals showed a pyogranulomatous inflammation 
of the middle ear. In three animals the inflammation had progressed along the trigeminal ganglion and 
nerves into the meninges, causing a moderate to marked suppurative meningitis in the brain and spinal 
cord. Impact statement: The aim of this poster is to increase the awareness and understanding of the 
pathogenesis of reflux-related inflammatory changes in the middle ear and meninges in addition to the 
well-known inflammatory changes in the nasal cavity in gavage studies in rodents. It is important to 
distinguish these reflux-induced local effects from systemic compound related toxicity. 



36

STP 35th Annual Symposium

All events are in the Manchester Grand Hyatt unless otherwise indicated.

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

29 

Non-Neoplastic Ocular Histologic Background Findings in Sprague-Dawley Rats at MPI Research 

Leah Stein1, Keith Nelson1,2 
1Michigan State University, East Lansing, MI, United States, 2MPI Research, Mattawan, MI, United States 

Introduction: Discernment of test article-related lesions requires accurate recognition of spontaneous 
background lesions. Sprague-Dawley (SD) rats are among the most commonly used rodents for 
toxicology studies, and documentation of background findings is important in providing context for 
interpretation of potential toxicity. This study reviews non-neoplastic ocular background lesions in control 
SD rats from a nonclinical CRO over a 5-year period. Methods: Histopathology data was tabulated for 
7,392 SD control rats (3,656 males and 3,736 females) enrolled in toxicity studies ranging in duration 
from 2 weeks to 2 years. Comparisons of ocular lesion incidence were made across study duration and 
gender. Results: The most prevalent findings were cataracts (1.23%), retinal atrophy (1.81%), and 
inflammation (1.14%) in the 2-year study population. Cataracts and inflammation were nearly four times 
more prevalent in males than in females. Retinal folds and rosettes were most prevalent in 4 week 
(1.64%) and 13 week (1.11%) study populations, with equal prevalence between genders. Overall, 
cataracts, retinal atrophy, inflammation, and retinal folds and rosettes occurred in greater than 0.5% of 
the total population across all study durations. Conclusion: SD rats develop a range of spontaneous 
ophthalmology lesions, which may affect analysis of test article-related effects. The prevalence of lesions 
varied with study duration and gender. Impact Statement: This study provides a review of the incidence of 
ocular background lesions in Sprague-Dawley rats at a large preclinical CRO, allowing improved 
assessment of ocular toxicity and potential shifts in ocular background finding incidence over time in this 
strain. 
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30 

Tail Cuff-Infused Nude Mice: Comparison of Continuous versus Intermittent Tethering with the 
Pinport-in-Tail Cuff System, Histopathological Parameters.  

Elke Hartmann1, Uta Wirnitzer1, Hans van Wijk2 
1BAYER Pharma AG, Wuppertal, Germany, 2Covance Laboratories, Harrogate, United Kingdom 

Introduction: The nude mouse has been used to generate human tumor xenografts, for testing anti-
tumor efficacy of new anti-cancer agents. Intravenous administration of compounds can be given as a 
slow bolus injection (tail vein) or by an implanted femoral catheter with tail cuff exteriorisation. For 
continuously tethered mice, studies are typically limited to 28 days because the weight of the tether 
together with a wire passed through the tail to secure the cuff which can often result in significant in tissue 
damage. The local lesions can be reduced in intermittently connected mice. 

Experimental Design/Methods: The study performed compares histopathology findings of tail cuffed 
mice, continuously tethered for 11-51 days to mice tethered only transiently via an in-line pinport-in-tail 
cuff system for 21-108 days. During non-administration periods mice were disconnected. Microscopic 
evaluation was performed at specific sites of the catheter course (e.g. vena cava, femoral vein) and tail. 

Results: Intermittently tethered mice demonstrated an amelioration of many microscopic findings at the 
tail which has to carry most of the tether weight (12 g). Slight improvement of local tolerability was seen at 
the entry of catheter into the vena femoralis but no differences were observed in the vena cava in partly 
tethered mice. 

Conclusions: Our results indicate that tumor efficacy studies in nude mice can be extended when using 
intermittent infusion via a pinport-in-tail cuff system which allows for disconnection of the mice in periods 
of no administration. This technique also facilitates group housing which positively contributes to animal 
welfare. 
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In Vivo Microdialysis of the Rodent Brain: Challenges to Refine Stereotaxic Coordinates and 
Tissue Reaction 

Karen Bodié, Kerstin Buck 
Abbvie Deutschland GmbH & Co. KG, Ludwigshafen, Germany 

In vivo microdialysis is a widely used technique to continuously monitor alterations of chemical 
substances in the extracellular fluid of the rodent brain. This approach can be used to measure drug 
exposure after e.g. oral dosing of a brain-penetrable compound, or to determine changes of endogenous 
molecules, e.g. neurotransmitters (eg. acetylcholin, dopamin, noradrenalin, serotonin, glutamate, GABA) 
in a distinct region of the brain after treatment of the animal. 

With histopathological evaluation of hematoxylin and eosin (HE) stained serial coronal sections of the 
brain, the localization of the probe can be visualized and evaluated using a mouse brain atlas - and the 
literature based stereotaxic coordinates can be refined since they might slightly differ between strains and 
ages of the animals. This is essential to be able to exclude the minimum number of animals after the 
experiment and thus provide most reliable data. Additionally, the staining and histopathological evaluation 
reveals the magnitude of significant inflammatory responses, tissue reaction and/or hemorrhage which 
should be taken into account while interpreting microdialysis data and could lead to a refinement of 
surgery skills and exclusion of animals based on pre-defined criteria. 

In conclusion, we recommend that the time-consuming and cost-intense in vivo microdialysis experiment 
should be followed by a histopathological evaluation on a regular basis to assess probe localization and 
tissue reaction. This leads to higher data quality resulting in a reduction of animal numbers in terms of the 
"3R's" (reduction, replacement and refinement) as well as a significant cutting of time and costs. 
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In conclusion, we recommend that the time-consuming and cost-intense in vivo microdialysis experiment 
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32 

Trauma as a Cause for Hepatopathy in Newborn Göttingen Minipigs: A Procedure-Related Finding 
Complicating Interpretation of Toxicity Studies 

Yuval Ramot1, Klaus Weber2, Beatriz Moreno Lobato3, Francisco Miguel Sánchez Margallo3, José 
Francisco Guillén Caro3, Luis Dávila Gómez3, Roni Shabat4, Abraham Nyska5,6 
1Hadassah – Hebrew University Medical Center, Jerusalem, Israel, 2AnaPath GmbH, Oberbuchsiten, 
Switzerland, 3Centro de Cirugía de Mínima Invasión (CCMI), Caceres, Spain, 4CCMI Israel Ltd, Nazareth, 
Israel, 5Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel, 6Consultant in Toxicologic 
Pathology, Timrat, Israel 

Introduction: Routine maintenance procedures can lead to incidental pathological changes that may 
influence the interpretation of animal toxicity studies. We report observed trauma-induced hepatopathy in 
newborn Göttingen minipigs. Experimental design: 64 neonatal minipigs were allocated to 13- and 26-
week treatment arms. There was a 4-week recovery period for both arms. The animals were divided into 
two treatment groups and a vehicle group. Dosing was three times daily by direct oral administration with 
a syringe. Methods: Macroscopic and microscopic evaluation of the gastrointestinal system, including the 
liver, was performed. Results: During the first weeks of administration, dosing of the animals was not 
voluntary and the caretakers had to pick up the animals on their arms. Animals had to be firmly held for 
drug administration. After about 3 weeks, the animals were dosed voluntarily without restraint. The 
animals went through daily training during this timeframe. The livers from the 13-week arm revealed 
randomly distributed foci of degeneration/necrosis, and focal congestion and/or hemorrhage, mainly at a 
subcapsular location in several animals from all groups. In the 26-week sacrifice point, only one animal 
had focal fibrosis in the liver. Conclusion: Hepatopathy can be observed as an incidental finding 
following the manual firm handling of animals, especially newborn minipigs, which are highly susceptive 
to hepatic trauma. Impact statement: If the manual handling of the animals may cause intra-abdominal 
trauma, the presence of foci of degeneration/necrosis, associated with hemorrhage, in the livers of 
newborn minipigs may be considered as a trauma-related consequence. 
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Histopathology in Large-Scale Mouse Phenotype Screen Reveals Novel Disease Mechanisms and 
Models: Potential Application in Drug Discovery and Safety Assessment 

Hibret Adissu1,2, Susan Newbigging2, Lily Morikawa2, Jacqueline White3, Colin McKerlie2 
1Covance Laboratories Inc, Greenfield, IN, United States, 2The Centre for Phenogenomics, Toronto, 
Ontario, Canada, 3The Wellcome Trust Sanger Institute, Hinxton, United Kingdom 

Introduction: Histopathology plays a pivotal role in investigations of mutant mouse models by providing 
insight into the mechanisms and often pleiotropic morphological consequences of gene function. 
Currently, resource and expertise limitations often restrict inclusion of histopathology as a standard test in 
large scale mouse phenotyping screens. As a result, histopathology analysis is limited to an individual 
mouse or strain as a follow-up to gross abnormalities, or to mouse strains with a robust clinical 
phenotype. In many instances the analysis is restricted to predicted ‘target’ organs based on clinical 
phenotype annotations; an ascertainment-biased approach that may miss important morphological 
findings and additional phenotypes. Experimental Design: Using an unbiased approach, we conducted 
comprehensive histopathology on a total of 275 mutant strains that had completed the primary 
phenotyping screen at The Centre for Phenogenomics (Canada) and The Wellcome Trust Sanger 
Institute (UK). Results: The screen identified clinical phenotypes in 215 strains (78%) while no 
abnormality was detected in 60 strains (22%). Histopathology added correlating morphological data in 81 
of 215 strains (38%) with phenotype detected by the clinical screen. Sixty-four of the 215 strains (30%) 
had significant histopathology findings that were neither correlated to, nor predicted by, clinical 
phenotype(s). Histopathology identified abnormal tissue phenotypes in 12 of the 60 strains (20%) with no 
clinical phenotype. Conclusions: Our findings demonstrate complementary and unique contributions of 
histopathology to large scale mouse phenotyping. Illustrative examples identifying novel disease 
mechanisms and models for potential application in drug discovery and safety assessment will be 
presented. 
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The Minipig: An Alternative Animal Model for the Evaluation of Anti-Neoplastic Drugs 

Rosa Anna Manno, Andrea Grassetti, Raffaella Capobianco, Germano Oberto 
Research Toxicology Centre, Pomezia, Rome, Italy 

  

Introduction: The Beagle dog has been extensively used as non-rodent species for anticancer drugs, but 
several ethical restrictions limit its use. The aim of this study was to evaluate the feasibility of the minipig 
as an alternative non-rodent species for such kind of drugs as Doxorubicin, one of the most effective anti-
neoplastic agents with cardiotoxicity as major concern. 

Experimental Design: Three groups of three male and three female Göttingen minipigs received 1.5 mg 
/kg, 3/2.3 mg /kg  or vehicle at intervals of 3 weeks for 7 cycles. The dose levels were comparable to 
those used for human chemotherapeutic treatments and higher than those used in a preclinical toxicity 
study in dogs. 

Methods: Clinical laboratory and anatomopathological evaluations were performed on all animals. A 
special emphasis was carried out in studying doxorubicin-induced cardiotoxicity. 

Results: Doxorubicin administration in minipig induced classical haematological alterations with partial 
reversibility in the high-dose animals. The histopathological evaluation confirm the toxicity profile seen in 
the human as well in the other laboratory animals. Moreover, cardiac lesions (micro and macro 
vacuolation of cardiomyocytes) were also evident as toxic response to the Doxorubicin. The  minipig 
appears a more clinically translatable model than dogs. In our experience, the Beagle dog proved to be 
more sensitive than humans with severe toxic side effects at lower doses than those used in this study. 

Impact statement: This study confirms that the minipig has a toxicity profile comparable to humans and 
should be considered as the alternative non-rodent species for anticancer drugs studies. 
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Genotoxicity of the Flavoring Agent, Perillaldehyde  

Shim-mo Hayashi1,2, Cheryl Hobbs3, Robert Maronpot4, Carol Beevers5, Mel Lloyd5, Rachael Bowen5, 
Lucinda Lillford5, Sean Taylor6 
1Japan Flavor & Fragrance Materials Association, Tokyo, Japan, 2San-Ei Gen, F.f.I., Inc., Osaka, Japan, 
3Integrated Laboratory Systems, Inc., Durham, NC, United States, 4Maronpot Consulting LLC, Raleigh, 
NC, United States, 5Covance Laboratories Ltd, Harrogate, United Kingdom, 6International Organization of 
the Flavor Industry, Washington, DC, United States 

  

Introduction: Perillaldehyde is a flavoring agent with a long history of use in adding spiciness to salad 
dressing, sauces and pickled vegetables. It is obtained from the perennial herb perilla. Perillaldehyde has 
been designated by the Ministry of Health, Labour and Welfare in Japan as unlikely to harm human 
health, and is affirmed as “generally recognized as safe” by the U.S. Flavor and Extract Manufacturers 
Association. Methods: In response to a request for more data by the European Food Safety Authority, a 
genotoxicity battery consisting of a bacterial reverse mutation assay (Ames assay), an in vitro 
micronucleus assay in human lymphocytes, an hprt assay in mouse lymphoma cells, and a 
micronucleus/comet assay in Wistar Han rats was conducted. Results: Although perillaldehyde induced 
mutation in Salmonella typhimurium strain TA98 in the absence of metabolic activation, previously 
conducted TA98 assays were negative. The comet assay was negative for duodenum and positive in 
liver, but only at a hepatotoxic dose of perillaldehyde. All other genotoxicity assays were negative. 
Conclusion: It is concluded that perillaldehyde is not of concern for human health at current exposure 
levels. 



43

The Basis and relevance of Variation  
in Toxicologic responses

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

35 

Genotoxicity of the Flavoring Agent, Perillaldehyde  

Shim-mo Hayashi1,2, Cheryl Hobbs3, Robert Maronpot4, Carol Beevers5, Mel Lloyd5, Rachael Bowen5, 
Lucinda Lillford5, Sean Taylor6 
1Japan Flavor & Fragrance Materials Association, Tokyo, Japan, 2San-Ei Gen, F.f.I., Inc., Osaka, Japan, 
3Integrated Laboratory Systems, Inc., Durham, NC, United States, 4Maronpot Consulting LLC, Raleigh, 
NC, United States, 5Covance Laboratories Ltd, Harrogate, United Kingdom, 6International Organization of 
the Flavor Industry, Washington, DC, United States 

  

Introduction: Perillaldehyde is a flavoring agent with a long history of use in adding spiciness to salad 
dressing, sauces and pickled vegetables. It is obtained from the perennial herb perilla. Perillaldehyde has 
been designated by the Ministry of Health, Labour and Welfare in Japan as unlikely to harm human 
health, and is affirmed as “generally recognized as safe” by the U.S. Flavor and Extract Manufacturers 
Association. Methods: In response to a request for more data by the European Food Safety Authority, a 
genotoxicity battery consisting of a bacterial reverse mutation assay (Ames assay), an in vitro 
micronucleus assay in human lymphocytes, an hprt assay in mouse lymphoma cells, and a 
micronucleus/comet assay in Wistar Han rats was conducted. Results: Although perillaldehyde induced 
mutation in Salmonella typhimurium strain TA98 in the absence of metabolic activation, previously 
conducted TA98 assays were negative. The comet assay was negative for duodenum and positive in 
liver, but only at a hepatotoxic dose of perillaldehyde. All other genotoxicity assays were negative. 
Conclusion: It is concluded that perillaldehyde is not of concern for human health at current exposure 
levels. 

36 

Percentage of In Vitro Hemolysis in Laboratory Species 

Josely Figueiredo, Carol Wally, Bradley Buczynski, Bruce Saltzgiver, Donald Stump 
WIL Research, Ashland, OH, United States 

Introduction: In vitro hemolysis is a pre-analytical factor that interferes with analysis of many clinical 
pathology and bioanalytical endpoints in toxicity studies. The goal of this study was to describe the 
percentage of in vitro hemolysis (PH) in laboratory species. Experimental Design: Retrospective 
analysis of the visually graded (0, 1+, 2+ and 3+) hemolysis data collected from January to November 
2015 was performed. Material and Methods: The data were analyzed based on species, sample types 
(serum, plasma), collection sites and sample volumes (≤ 0.5 to ≥ 2 ml). The collection sites and species 
included jugular vein (cat, pig, dog, rat, rabbit), femoral vein (NHP), cardiac puncture (rat, mouse), retro-
orbital (RO) sinus (rat, mouse), vena cava (rat, mouse), and ear vein (rabbit). Results: A total of 81,983 
samples were analyzed for all species. The overall PH was 21.6% and the percentage of samples with 3+ 
hemolysis was 1%. Lower PH was noted in serum (19.8%) compared to plasma (27.6%). There were no 
consistent differences in PH with increased sample volumes. The lowest PH was noted in rabbits 
(14.9%), followed by NHP (15.5%), rats (22.6%), dogs (24.1%), mouse (25.3%), cats (26.2%) and pigs 
(35.9%). The collection site that provided the lowest PH was RO for the rat (5.7%) and mouse (11.3%) 
and ear vein (13.8%) for the rabbit. Conclusions: The PH varied among species, sample types, and 
collection sites. Impact Statement: This information is relevant for laboratory animal facilities to monitor 
sample quality and establish goals for improvement. 
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Pathological Review of Repeated Dose Dermal Toxicity 28-Day Studies of Nanomaterials (Silver, 
MWCNT, TiO2) in Sprague-Dawley Rats 

Hye Jin Kim, Kyu Sup An, Jae Hyuck Sung, Hyeon Yeol Ryu, Byung Gil Choi, Jin Kyu Lee, Kyung Seuk 
Song 
Korea Conformity Laboratories(KCL), Incheon, Republic of Korea 

Introduction: Nanomaterials (NM) are being utilized in a wide range of consumer products. And the 
commercial use of NM has surfaced the concerns in relation to possible health and environmental risk 
assessment. With the increased dermal exposure of NM by using nanoprocuducts, this reports provides a 
pathological review of dermal toxicities in six nanomaterials-Silver(SILVIX SAN, Silver nanowire), 
MWCNT(JENO TUBE, TW02), TiO2(KIST, SG-TO30). Experimental Design: All studies had 4 groups 
which consist of 10 rats(5 males and 5 females): 0, 250, 500, 1,000 mg/kg/day(OECD guideline 410 with 
GLP application). Methods: NM patch applied on rat's dorsal back and fixed by dressing bandages for 6 
hours/day during 28 days. Mortalities, clinical signs, body weights, food consumptions, ophthalmological 
examinations, urinalysis, organ weights, hematology and biochemistry, gross and 
histopathological findings were observed. Results: There were no mortalities, clinical signs and any NM-
related significant changes in aforementioned test items among test groups. However, there were some 
pathological lesions on liver (mainly caudate lobe > left lateral lobe). On caudate lobe, adhesion to 
stomach cardia, discoloration and enlargement were observed at necropsies and those lesions were 
correlated with focal/massive necrosis, histiocytosis/fibroplasia and granulomatous inflammation in 
histopathologial examination. It hardly seems possible that were toxic effects of NM, because of blood-
flow disorder by abdominal bandaging compression. Conclusion: the NOAEL for these studies of 
Silver(SILVIX SAN, Silver nanowire), MWCNT(JENO TUBE, TW02) and TiO2(KIST, SG-TO30) is 
considered to be 1,000 mg/kg/day and no target organs were found. Impact statement: Dermal exposure 
of these NM(Silver, MWCNT, TiO2) is considered to be relatively safe under the 1,000 mg/kg/day. 
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Pathological Review of Repeated Dose Dermal Toxicity 28-Day Studies of Nanomaterials (Silver, 
MWCNT, TiO2) in Sprague-Dawley Rats 

Hye Jin Kim, Kyu Sup An, Jae Hyuck Sung, Hyeon Yeol Ryu, Byung Gil Choi, Jin Kyu Lee, Kyung Seuk 
Song 
Korea Conformity Laboratories(KCL), Incheon, Republic of Korea 

Introduction: Nanomaterials (NM) are being utilized in a wide range of consumer products. And the 
commercial use of NM has surfaced the concerns in relation to possible health and environmental risk 
assessment. With the increased dermal exposure of NM by using nanoprocuducts, this reports provides a 
pathological review of dermal toxicities in six nanomaterials-Silver(SILVIX SAN, Silver nanowire), 
MWCNT(JENO TUBE, TW02), TiO2(KIST, SG-TO30). Experimental Design: All studies had 4 groups 
which consist of 10 rats(5 males and 5 females): 0, 250, 500, 1,000 mg/kg/day(OECD guideline 410 with 
GLP application). Methods: NM patch applied on rat's dorsal back and fixed by dressing bandages for 6 
hours/day during 28 days. Mortalities, clinical signs, body weights, food consumptions, ophthalmological 
examinations, urinalysis, organ weights, hematology and biochemistry, gross and 
histopathological findings were observed. Results: There were no mortalities, clinical signs and any NM-
related significant changes in aforementioned test items among test groups. However, there were some 
pathological lesions on liver (mainly caudate lobe > left lateral lobe). On caudate lobe, adhesion to 
stomach cardia, discoloration and enlargement were observed at necropsies and those lesions were 
correlated with focal/massive necrosis, histiocytosis/fibroplasia and granulomatous inflammation in 
histopathologial examination. It hardly seems possible that were toxic effects of NM, because of blood-
flow disorder by abdominal bandaging compression. Conclusion: the NOAEL for these studies of 
Silver(SILVIX SAN, Silver nanowire), MWCNT(JENO TUBE, TW02) and TiO2(KIST, SG-TO30) is 
considered to be 1,000 mg/kg/day and no target organs were found. Impact statement: Dermal exposure 
of these NM(Silver, MWCNT, TiO2) is considered to be relatively safe under the 1,000 mg/kg/day. 
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Intracytoplasmic Inclusions Containing Icosahedral Viral Particles in Renal Papillary Epithelium in 
Beagle Dogs 

Mohamoud Abdi 
GlaxoSmithKline, Ware, Hertfordshire, United Kingdom 

Twelve male and 12 female purpose-bred beagle dogs were used in a 4-week toxicity study. There were 
no in-life clinical symptoms, hematological, clinical chemistry (including urinalysis) parameters changes or 
gross pathological changes. Samples of kidneys were processed and sections 3-5µ thick were stained 
with hematoxylin and eosin and subjected to light microscopic examination. Two control males and two 
females that were given low dose of the test substance showed minimal or mild, unilateral eosinophilic 
intracytoplasmic inclusions in the epithelial cells of the collecting ducts of the renal papilla. The epithelial 
cells appeared slightly enlarged due to the presence of the inclusion bodies. Transmission electron 
microscopy showed epithelial cells containing intracytoplasmic virus particles with hexagonal outer 
membrane 150nm in diameter, and an inner electron dense nucleoid. There were no other 
histopathological changes associated with the viral inclusions. The morphology of the viral particles 
resembles icosahedral iridovirus, which has been rarely reported in dogs used in toxicity studies. The 
source of the infection in these dogs is not known as the animals were not exposed to aquatic vertebrates 
or insects, which are the main hosts for this virus. The change, which was also seen in control animals, 
was considered incidental and not related to the test substance. Although the presence of these 
inclusions did not impact on the health of the animals or on the outcome of this study, it is unknown if this 
virus might manifest differently in a study in which the animals' immune system was suppressed by 
treatment. 
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Human Tissue and Veterinary Pathologists: What Are Our Boundaries in Drug Development? 

Richard Haworth1, David Krull2, Gail Pearse1, Cindy Fishman2 
1GlaxoSmithKline, Ware, United Kingdom, 2GlaxoSmithKline, Philadelphia, PA, United States 

Increased use of human tissue in the pharmaceutical industry for drug discovery and for assessing 
pharmacology in early clinical trials is seen as an approach which could raise the probability of success of 
drugs in development. Toxicologic  pathologists, traditionally evaluating animal tissues from toxicology 
studies and generally certified in veterinary pathology, are now using their expertise to evaluate human 
tissues. These tissues can be sourced commercially or may come from a clinical trial, for the purposes of 
method validation/ basic research, patient selection or evaluation of biomarkers. This raises the question 
who is the most appropriate trained individual to conduct evaluation of human tissues at each stage. 

What is the role of a veterinary  trained pathologist? 

• Determining identity, quality, preservation and morphology 
• Identifying normal versus abnormal and presence of disease features 
• Direct and interpret specialised techniques (e.g. ISH, IHC) applied as part of method validation.  

What is the role of a medically trained pathologist? 

• Confirm or establish the diagnosis  
• Score the grade on samples from clinical trials- primary and secondary endpoints  

What are training needs for veterinary pathologists? 

• Learning more about human disease pathology 
• Establishing links with internal or external medical pathologists.  

What laboratory accredidation is needed to work on human tissues? 

• When is GCP required in processing laboratory?  

This interactive poster aims to clarify the differing role of biologists, medical  and veterinary pathologists in 
effective use of human tissue  in drug development and identify training needs. Delegates will  express 
their opinions by voting on a number of options. 
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Oral Exposure to 4,6-Dinitroamino-1,3,5-triazine-2(1h)-one (DNAM) Is Associated with Intestinal 
and Renal Lesions in Male But Not Female Sprague-Dawley Rats 

Erica Carroll, Lee Crouse 
Army Public Health Center (Provisional), Aberdeen Proving Ground, MD, United States 

  

Introduction: 4,6-Dinitroamino-1,3,5-triazine-2(1H)-one (DNAM) is being considered as a replacement 
for RDX in military conventional ammunition. A subacute study was performed in rats to evaluate potential 
toxicity in humans.  

Experimental Design: Groups of ten male and female Sprague-Dawley rats were given daily oral DNAM 
for 14 days. Five dosage groups and a vehicle control group were observed for changes in body weight, 
feed consumption and clinical signs of toxicity. At 70 days old rats were anesthetized for phlebotomy, 
euthanized, and gross and histologic evaluation of tissues was performed.  

Methods: Tissues were formalin-fixed, embedded in paraffin, processed, sectioned at 4 um thick, and 
stained with hematoxylin and eosin using routine methods. Scoring criteria for histologic changes or 
lesions in somatic (i.e., non-reproductive) tissue included: 0= less than 1% of the section of tissue is 
affected. 1 (minimum)=2-5% of tissue is affected; 2(mild)=6-15% of tissue is affected; 3 (moderate)=16-
30%; 4 (marked) =31-50% of tissue is affected.  

Results: Oral DNAM in young adult rats had no discernible effect on females, but was associated with 
renal cortical tubule dilation and minimal lymphoplasmacytic infiltrates of the large intestine of male rats. 
Both genders had dose-dependent discolored ingesta that occasionally resembled frank blood.  

Conclusion: DNAM appears to cause male-specific renal microscopic changes that should be 
investigated further. DNAM causes ingesta discoloration in both genders and lymphoplasmacytic 
infiltrates in male large intestine that may warrant further investigation.  

Impact statement: Results of this subacute toxicity study of DNAM in rats indicate further study is 
needed prior to fielding DNAM. 
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Localization of Phospholipidosis on Light Microscopy: Use of Paraphenylenediamine Staining on 
Semi-Thin Tissue Sections 

Norimitsu Shirai, Frank Geoly, Walter Bobrowski, Carlin Okerberg 
Pfizer Inc., Groton, CT, United States 

Introduction: Drug-induced phospholipidosis is characterized by accumulation of phospholipids with 
lamellar bodies in cells exposed to xenobiotics.  Transmission Electron Microscopy (TEM) is the gold 
standard for determinations of phospholipidosis because it provides direct confirmation of lamellar 
bodies.  However, TEM is time-consuming and complicated.  Paraphenylenediamine (PPD) staining is 
based upon the oxidation of PPD by osmicated lipids.  The application of PPD to osmicated tissues is 
considered an optimal way to identify lipids since the samples have not been subjected to the lipid 
extraction that occurs during routine processing for light microscopy.  We evaluated the potential of PPD 
staining to localize phospholipidosis on semi-thin sections on light microscopy.  Experimental Design: 
Formalin-fixed tissues (pulmonary macrophage; bile duct epithelium) that had been affected with 
phospholipidosis were selected from rat toxicology studies.  Similar tissues from control rats were used as 
controls.  PPD and toluidine blue semi-thin sections were compared on light microscopy.  Corresponding 
ultrathin sections were examined by TEM.  Methods: Tissues were post-fixed in 1% osmium 
tetroxide, then processed and embedded in epoxy resin.  Semi-thin sections were mounted on glass 
slides.  They were immersed in 1% PPD in methanol for 10 minutes, rinsed in ethanol, dried, coversliped, 
and examined by light microscopy.  Results: On toluidine blue and H&E sections, affected cells exhibited 
intracytoplasmic microvesicular vacuoles.  PPD staining resulted in the selective staining of the 
vacuoles.  The vacuoles correlated ultrastructurally with lamellar bodies.  Control tissues were completely 
negative for PPD.  Conclusion: PPD staining provides a simple and reliable method for visualizing 
phospholipidosis.  Impact Statement: PPD staining represents an easy tool to screen drug-induced 
phospholipidosis on light microscopy. 
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intracytoplasmic microvesicular vacuoles.  PPD staining resulted in the selective staining of the 
vacuoles.  The vacuoles correlated ultrastructurally with lamellar bodies.  Control tissues were completely 
negative for PPD.  Conclusion: PPD staining provides a simple and reliable method for visualizing 
phospholipidosis.  Impact Statement: PPD staining represents an easy tool to screen drug-induced 
phospholipidosis on light microscopy. 

42 

The Use of In Vivo and Ex Vivo Compact Magnetic Resonance Imaging (MRI) for the Assessment 
of Tumorigenicity following Intrathecal Transplantation of Human Embryonic Stem Cells (hESC) in 
NOD-SCID Mice 

Yael Schiffenbauer3, Netanel Amouyal2, Nati Ezov2, Michal Steiner2, Michal Izrael4, Neta Lavon4, Arik 
Hasson4, Michele Revel4, Abraham Nyska1,5 
1Tel Aviv University, Tel Aviv, Israel, 2Envigo CRS, Ness Ziona, Israel, 3Aspect Imaging, Shoham, Israel, 
4Kadimastem, Ness Ziona, Israel, 5Consultant in Toxicologic Pathology, Timrat, Israel 

Introduction:  MRI of biological samples allows the thorough examination of the entire specimen using 
multiple digital slices, leaving the specimen intact for subsequent investigations, like histopathology. We 
tested MRI in a mouse model of teratoma induction, following a single intrathecal transplantation of 
hESC. This route was selected since it represents the intended clinical route of proprietary cells. The 
experiment was aimed to validate an appropriate positive control, assessing the feasibility of Compact 
MRI to detect teratoma induction. 

Materials and Methods: Male 8 weeks old were used, 2 animals injected with the vehicle control and 3 
injected with hESC. The cells or controls were injected within the inter-vertebral (L5 to L6)  grove. Clinical 
evaluation was done daily. In-Vivo MRI  was done at 2 occasions (days 25 & 48).  The animals were 
sacrificed on day 55, and after formalin fixation, Ex-Vivo MRI was accomplished. 

Results: Clinically, paresis developed in mice injected with the  hESC. 

In vivo and ex vivo MRI located abnormal areas in the spinal column and brain. 

  

Conclusion: The MRI was successful in localizing the induced teratoma, and the correlation to 
histopathology was done. The MRI technique is able to cover the whole mouse and, being non-invasive, 
can be used for time course observations of the carcinogenic changes. 
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Antibody-Enhanced Intracellular Killing of Leishmania amazonensis Can Be Achieved by the 
Activation of Macrophages with Soluble Immune Complexes and Novel Recombinant Fc 
Constructs 

Marie Bockenstedt1, Adam Barb2, Brett Sponseller2, Doug Jones2 
1Covance Laboratories, Madison, WI, United States, 2Iowa State University, Ames, IA, United States 

  

Leishmania amazonensis are protozoal parasites that reside intracellular within macrophages and can 
cause cutaneous and visceral leishmaniasis. This disease is a vector borne disease that can affect 
approximately 1 million people each year. Our lab has shown that intracellular killing of L. amazonensis 
parasites requires a robust Th1 immune response with the production of NADPH oxidase generated 
superoxide from infected macrophages. We have previously shown that macrophage activation with 
soluble IgG2a immune complexes, IFN-γ and parasite antigen was effective in killing intracellular L. 
amazonensis. Parasite killing was dependent upon FcRγ common-chain expression and NADPH 
oxidase-generated superoxide from infected macrophages. We also show an upregulation of autophagy 
as determined by an increase in LC3II and colocalization of LC3 with the parasite, and an increase in 
superoxide production following macrophage activation. Next we determined that activation of 
macrophages through the FcRγ1 using a novel recombinant IgG2a Fc construct could result in 
superoxide production and killing of L. amazonensis. The construct was created by expressing the protein 
in HEK293F cells and has homologous morphology to the Fc portion of IgG2a. These experiments define 
new mechanisms in which antibodies can promote intracellular killing of an intracellular pathogen and the 
ability to manipulate this host immune response with a recombinant protein. 



51

The Basis and relevance of Variation  
in Toxicologic responses

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

43 

Antibody-Enhanced Intracellular Killing of Leishmania amazonensis Can Be Achieved by the 
Activation of Macrophages with Soluble Immune Complexes and Novel Recombinant Fc 
Constructs 

Marie Bockenstedt1, Adam Barb2, Brett Sponseller2, Doug Jones2 
1Covance Laboratories, Madison, WI, United States, 2Iowa State University, Ames, IA, United States 
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parasites requires a robust Th1 immune response with the production of NADPH oxidase generated 
superoxide from infected macrophages. We have previously shown that macrophage activation with 
soluble IgG2a immune complexes, IFN-γ and parasite antigen was effective in killing intracellular L. 
amazonensis. Parasite killing was dependent upon FcRγ common-chain expression and NADPH 
oxidase-generated superoxide from infected macrophages. We also show an upregulation of autophagy 
as determined by an increase in LC3II and colocalization of LC3 with the parasite, and an increase in 
superoxide production following macrophage activation. Next we determined that activation of 
macrophages through the FcRγ1 using a novel recombinant IgG2a Fc construct could result in 
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in HEK293F cells and has homologous morphology to the Fc portion of IgG2a. These experiments define 
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ability to manipulate this host immune response with a recombinant protein. 
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A Simple Method for Formalin Fixation of Lungs in Toxicological Pathology Studies 

Ji-Ye Yin, Wen-Sheng Qu, He-Mei Wang, Yan-Sheng Dong, Quan-Jun Wang 
Beijing Institute of Pharmacology and Toxicology, Beijing, China 

Introduction: Optimized lung preparation for detailed structural evaluation is required to improve 
consistency in preclinical safety evaluation. Differences of opinion exist among regulatory agency 
personnel regarding the optimal methods for routine formalin fixation of lungs from rodent toxicology 
studies. Methods and Materials：The normal and LPS-induced rats were used in this study. Normal and 
damaged lung was morphologically estimated by the Lm analysis, which fixed by tracheal ligation fixation 
method compared with intratracheal instillation and vascular perfusion fixation methods. The simple 
tracheal ligation fixation method emphasizes ligation of the trachea before opening the thorax. TUNEL 
assay was used to determine the degree of autolysis. Results: Photomicrographs of this method 
demonstrated unprecedented ability to maintain the natural lung architecture, in contrast to the 
unavoidable changes in the alveolar environment by the intratracheal instillation and vascular perfusion 
method. In addition, the tracheal ligation fixation method may hopefully provide a standard approach for 
LPS damaged lung histopathology evaluation. TUNEL staining revealed that the autolysis was 
insignificant in the central areas of each lobe of the lung compared to the lung periphery by tracheal 
ligation fixation. Conclusion: our new modified method, which avoids the disadvantages of generating 
artifacts, fulfills the requirement of preserving the clear, natural morphology of the lung making it suitable 
and worthy of recommendation for toxicological studies in a GLP lab. 
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Corneal Wound Healing Drug Effects in an Ex Vivo Human Front of the Eye Model in Comparison 
to Rabbit 

Alison Vickers1, Robyn Fisher2 
1Human Translational Models, LLC, Irvine, CA, United States, 2Vitron, Inc., Tucson, AZ, United States 

Introduction: Corneal injury triggers an inflammatory reaction and the release of mediators to induce re-
epithelialization. An ex vivo front of the eye model which includes the various tissues in their normal 
architecture is a relevant model to evaluate the extrinsic effects of drugs administered topically to the eye. 
Experimental Design: Human and rabbit response was evaluated following an anterior keratectomy (AK) 
in 1) a NZW rabbit in vivo study, and 2) ex vivo front of the eye models of rabbit and human. Topical 
administration of diclofenac (DCF), a drug known to delay wound healing, and accelerants of wound 
healing, the lipid mediator lipoxin (LXA4), the opioid antagonist naltrexone (NTX) and the prostacyclin 
analog cicaprost (CP) are compared. Methods: Human eyes were procured with donor consent through 
Midwest Eye-Banks (Ann Arbor, MI) and The Lions Eye Institute for Transplant and Research (Tampa, 
FL). Each drug was administered to an eye pair topically, DCF 0.1%, LXA4 100 nM, NTX 1 μM, and CP 
0.1%. The initial wound and progression of wound closure (0, 18 hr) was visualized with 0.015% 
fluorescein and the area quantified and compared to the AK vehicle matched eye. Conclusion: DCF 
delayed wound closure, while LXA4, CP and NTX accelerated wound closure. Gene expression provided 
insight into the wound healing pathways altered due to drug treatment. DCF suppressed many 
cytoskeletal and remodeling genes, and altered several apoptosis genes. Impact Statement: This 
translational research front of the eye model predicts human response to drugs and wound repair. 
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Evaluating Innate Immune Cell Immunotoxicity of a Novel Therapeutic Delivery System: Assessing 
Immunotoxity of Extracellular Vesicles in Human Monocytic Cell Lines 

Lucia Rosas2, Ola Elgamal3, Xiaokui Mo2, Mitch Phelps2, Thomas Schmittgen3, Tracey Papenfuss1 
1WIL Research Laboratories, Ashland, OH, United States, 2The Ohio State University, Columbus, OH, 
United States, 3University of Florida, Gainesville, FL, United States 

There is an increasing number and array of therapeutics which specifically or non-specifically target 
immune cells.  Current immunotoxicologic evaluations largely focus on immunotoxicity endpoints of the 
adaptive immune system (i.e. T/B cells).  However, changes in innate immune cells (e.g. myelomonocytic) 
have far-reaching effects on both innate and downstream adaptive immune responses.    Monocytes are 
innate phagocytic cells that can differentiate into macrophages or dendritic cells.  Agents affecting 
monocyte survival or function can dramatically impact the both innate and adaptive immune responses. 
Extracellular vesicles (EVs) are a promising novel therapeutic deliver system that target specific cells and 
delivers a therapeutic payload.  These EVs are produced by cultured cells and very little is known about 
how culture-derived EVs interact with cells of the immune system.  This study evaluated the potential 
immunotoxic  effects of HED293T-derived EV on the two human monocytic cell lines THP-1 and U937 by 
evaluating the cytotoxicity (apoptosis versus necrosis) and cell function (phagocytosis) by flow 
cytometry.  Results:  Human monocytes are highly permissive to EV entry in a dose-dependent manner 
but exposure to EV did not affect the homeostatic levels of apoptosis or necrosis.  Although lower dosese 
of EV increased phagocytic capacity in both cell lines, phagocytic efficiency of individual cells was not 
affected by EV exposure at any of the doses evaluated. The study demonstrates the application of in vitro 
immunotoxicity assessment of innate immune cells (human monocytes) of a novel therapeutic delivery 
system.  Evaluating innate immune endpoints are an addition to traditional adaptive immune cell 
immunotoxicity assessments. 
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Secure File Transfer Protocol (sFTP) for Electronic Exchange of Digital Pathology Data between 
Contract Research Organizations and Novartis Preclinical Safety  

Oliver Turner1, Gregory Argentieri1, Christopher Hayden1, Rowena Ver Hoven1, Thierry Clade3, Kenneth 
Asnes2, Steve Van Adestine4, Todd Acker4, Wayne Dochterman4 
1Novartis, East Hanover, NJ, United States, 2Novartis, Cambridge, MA, United States, 3Novartis, Basel, 
Switzerland, 4Covance, Madison, WI, United States 

Introduction/Objectives: Efficient exchange of histopathology data between Contract Research 
Organizations (CROs) and Novartis Preclinical Safety is critical for our peer review process. Methods 
and Materials: Project Pathology (Novartis, East Hanover, NJ), IT / Informatics (Novartis, Infrastructure 
and Security- Cambridge, MA) along with Covance Inc. Pathology (Madison, WI) were involved in a 
collaborative effort to explore new ways to exchange such data. Existing internal Novartis large-file 
transfer systems did not have the capacity to transfer files that can be upward of 1GB. The system was 
tested by setting up a proof-of- concept, repeatedly stressing the test environment, and careful 
documentation of the testing. Results: The proof-of-concept proved that sFTP is a viable, effective 
protocol to send digital pathology data sets electronically. This negates the need for snail-mail transfer of 
glass slides or the mailing of physical digital media if pathologists wish to quickly look at the tissue to help 
with the review process. Impact Statement: The change to sFTP for file transfers allows digital slides to 
be available in hours, rather than days. It further allows us to quickly integrate digital data that was 
created at a CRO in our own database. 
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Organizations (CROs) and Novartis Preclinical Safety is critical for our peer review process. Methods 
and Materials: Project Pathology (Novartis, East Hanover, NJ), IT / Informatics (Novartis, Infrastructure 
and Security- Cambridge, MA) along with Covance Inc. Pathology (Madison, WI) were involved in a 
collaborative effort to explore new ways to exchange such data. Existing internal Novartis large-file 
transfer systems did not have the capacity to transfer files that can be upward of 1GB. The system was 
tested by setting up a proof-of- concept, repeatedly stressing the test environment, and careful 
documentation of the testing. Results: The proof-of-concept proved that sFTP is a viable, effective 
protocol to send digital pathology data sets electronically. This negates the need for snail-mail transfer of 
glass slides or the mailing of physical digital media if pathologists wish to quickly look at the tissue to help 
with the review process. Impact Statement: The change to sFTP for file transfers allows digital slides to 
be available in hours, rather than days. It further allows us to quickly integrate digital data that was 
created at a CRO in our own database. 
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ESTP Digital Imaging Survey: Preliminary Results 

Erio Barale-Thomas1, Jan Klapwijk2 
1Johnson and Johnson, Beersen, Belgium, 2GlaxoSmithKline, Ware, United Kingdom 

  

Digital Imaging (DI) of whole tissue sections has become an established procedure in many laboratories. 
The ESTP's Committee for Scientific Standards (CSS) recently surveyed ESTP members in order to 
obtain some actual data on how these systems were being used in practice. Members were asked to say 
whether they used DI for consultation between remote sites, for reading or reviewing of GLP and non-
GLP studies and/or for image analysis. In addition, the survey asked about the benefits of DI and what 
were the limitations (if any) preventing wider use. 20 responses were received, representing a number of 
major Pharma, CROs and independent consultants. DI was used by 100% of respondents for 
consultation between remote sites. At the other extreme, DI was not used by any respondents for reading 
or reviewing of GLP studies. Respondents provided very detailed and informative comments concerning 
the value of DI and also on the reasons why it is not being used for large and/or GLP studies. This poster 
will provide a general overview of the survey results. At the ESTP Congress in Barcelona in September 
there will be an interactive session asking for further feedback from the participants and presenting a 
complete and detailed breakdown of responses to the DI survey with an indication of technical 
improvements that will need to be made before DI systems are used even more widely. This information 
should be of utility both to manufactures of DI systems and laboratories planning to purchase or upgrade 
a DI system. 
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Using Morphometric Features Extracted by Image Analysis to Identify T-Lymphocytes in IHC-
Stained Tissues Independent of CD3 Staining 

Famke Aeffner, Nathan T. Martin, Joshua Black, Logan Cerkovnik, Luke Pratte, Staci J. Kearney, 
Anthony J. Milici, Joseph Krueger 
Flagship Biosciences, Westminster, CO, United States 

Introduction: Phenotyping heterogeneous leukocyte populations morphologically in neoplasms is typically 
done by immunohistochemically labeling of CD markers in formalin fixed tissues. This requires utilizing 
multiple monoplex or multiplex chromogenic immunohistochemistry (IHC) assays that identify, categorize, 
and localize these cells in the different tissue compartments. The technical constraints of chromogenic 
IHC and the complex staining patterns observed challenge accurate tissue leukocyte phenotyping. As an 
alternative approach, we used morphometric features of lymphocytes to approximate this cell population, 
independent of IHC staining. Methods and Experimental Design: A cohort of non-small cell lung cancer 
(NSCLC) tissues was stained for CD3 via IHC, and morphometric and staining features of CD3+ T 
lymphocytes were analyzed with Flagship's CellMapTM algorithms. The T lymphocyte morphometric 
features were then used to approximate the population frequency in the isotype-stained tissues. This cell 
classification scheme was defined based on hematoxylin staining alone, and accuracy of T-lymphocyte 
classification was verified by comparing data to detection of CD3-stained slides. Results and 
Conclusions: The method described reasonably estimated the frequency of CD3+ T-lymphocytes and this 
approach could be used to reduce the complexity and increases the flexibility of the chromogenic IHC 
assay when assessing diverse leukocyte infiltrates when an approximation of total lymphocyte numbers is 
needed. 
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Utilizing Digital Image Analysis to Quantify Multiplexed Immune-Oncology Markers and Compare 
with Corresponding Monoplexed Samples 

Kristin Wilson, Ciara Martin, Joshua Black, Nathan Martin, Logan Cerkovnik, Jasmeet Bajwa, Carsten 
Schnatwinkel, Daniel Rudmann, Anthony Milici 
Flagship Biosciences, Westminster, CO, United States 

Introduction: Immuno-oncology (IO) approaches require an understanding of the types of immune cells 
present in the tumor microenvironment (TME) as well as the precise localization of these immune cells. 
However, the acquisition of spatial IO information is technically challenging, due to the requirement for 
multiplex labeling of immune cells and the need to categorize their location and biomarker content 
simultaneously. Additionally, the multiplex biomarker panel must be engineered in advance based on a 
priori assumptions about the correct marker combinations and their location (such as the tumor epithelial 
nests, TME, or specifically the tumor-TME interface). This limits the ability to implement novel, 
scientifically driven assessments into an existing clinical trial which already has defined 
immunohistochemistry endpoints. To meet the needs of IO clinical trials, Flagship Biosciences has 
developed a proprietary image analysis platform, FACTS (Feature Analysis on Complementary Tissue 
Sections), to deduce both the necessary multiplex staining information and the spatial context of IO 
markers based on the utilization of existing monochrome or multiplex stained slides from a clinical trial. 
Methods: Colorectal cancer samples were stained with CD4, CD8 and/or FoxP3 in monoplex and 
multiplex combinations, and were analyzed with our proprietary software. Results: The study found that 
similar interpretation of the inflammatory landscape was possible with multiplex-stained slides and digital 
alignment of monoplex-stained slides. Conclusions and Impact: We have developed a novel image 
analysis approach that quantifies IO markers in single or multiple sections, and allows for investigations 
into immune cell subset colocalization in tissue samples from clinical trials. 
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Feline Mammary Cancer: Novel Nude Mouse Model and Molecular Characterization of Invasion 
and Metastasis Genes 

Bardes Hassan1,2, Said Elshafae1,3, Wachiraphan Supsavhad1, Jessica Simmons1, Wessel Dirksen1, 
Sohair Sokkar2, Thomas Rosol1 
1The Ohio State University, Columbus, OH, United States, 2Cairo University, Giza, Egypt, 3Benha 
University, Kalyubia, Egypt 

Introduction: Feline mammary carcinoma (FMC) is similar to human breast cancer (HBC) in the late age 
of onset, histopathologic features and pattern of metastasis. Therefore, FMC has been proposed as a 
relevant model for aggressive HBC. The goals of this study were to develop a nude mouse model of FMC 
tumor growth and metastasis and to measure the expression of genes responsible for 
lymphangiogenesis, angiogenesis, tumor progression and metastasis in FMC. Experimental Design: 
Two primary FMC tissues were injected subcutaneously and six FMC cell lines were injected into 3 sites 
(subcutaneous, intratibial and intracardiac) in nude mice. Molecular characterization of invasion and 
metastasis genes was conducted using qRT-PCR in six primary FMC tissues, two subcutaneous 
xenografts and six cell lines. Methods: Tumors and metastases were monitored using bioluminescence 
and characterized by gross necropsy, radiology and histopathology. Results: The histologic appearance 
of the subcutaneous xenografts resembled the primary tumors. No metastasis was evident following 
subcutaneous injection of both tumor tissues and cell lines while lung, liver, kidney, eye, brain, and bone 
metastases were confirmed following intratibial and intracardiac injection of cell lines. Fifteen genes were 
differentially expressed in the FMC tissues and cell lines and the highly expressed genes were PDGFA, 
PDGFB, PDGFC, FGF2, EGFR, ERBB2, ERBB3, VEGFD, VEGFR3 and MYOF. Conclusion: Mouse 
models of FMC were developed and resulted in distant metastases similar to metastasis in HBC. Impact 
statement: This investigation demonstrated the usefulness of nude mouse models of experimental FMC 
and identified molecular targets of FMC progression and metastasis. 
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Suppression of Osteopontin Inhibits Chemically Induced Hepatocarcinogenesis by Induction of 
Apoptosis 

Su-Hyung Lee1, Jun-Won Park2, Du-Min Go1, Hyo-Jung Kwon3, Dae-Yong Kim1 
1Seoul National University, Seoul, Republic of Korea, 2National Cancer Center, Goyang, Gyeonggi, 
Republic of Korea, 3Chungnam National University, Daejeon, Republic of Korea 

Previous clinical reports identified that elevated osteopontin (OPN) levels in serum and tumor tissues 
indicated more malignancy of human hepatocellular carcinoma (HCC), and OPN worked as a marker to 
decide a prognosis. However, the effect of OPN on carcinogenesis and the underlying mechanism remain 
unclear. In the present study, we investigated the oncogenic roles of OPN in chemically induced 
hepatocarcinogenesis. Wild-type (WT) and OPN knockout (KO) mice were injected with 
diethylnitrosamine (DEN), and sacrificed 26 and 36 weeks after injection. Liver tissues were assessed by 
histopathological examination and immunohistochemistry. To clarify the carcinogenic effects of OPN, we 
also carried out an in vitro study using Hep3B and Huh7 human HCC cell lines. The overall incidence of 
hepatic tumors at 36 weeks was significantly decreased in OPN KO mice compared to WT mice. 
Apoptosis was significantly enhanced in OPN KO mice, and was accompanied by downregulation of 
epidermal growth factor receptor (EGFR). In vitro study, OPN suppression also caused the decreased 
mRNA and protein levels of EGFR with the downregulation of c-Jun in Hep3B and Huh7, which resulted 
in the increased apoptotic cell death of both cell lines. In addition, a positive correlation was clearly 
identified between expression of OPN and EGFR in human HCC tissues. These data demonstrate that 
the loss of OPN decreases chemically induced HCC by suppressing EGFR-mediated anti-apoptotic 
signaling. An important implication of our findings is that OPN actually contributes to the 
hepatocarcinogenesis. 
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Induction of Oxidative Stress and DNA Adduct Formation in A549 and BEAS-2B Cells by Cobalt (II) 
Sulfate Heptahydrate  

Ramesh Kovi1,2, Raveena Chhabria1, Teja Peddada3, Thai-Vu Ton1, Marilyn Ehrenshaft4, Sreeenivasa 
Ramaiahgari5, Keith Shockley6, Ronald Mason4, Robert Sills1, Arun Pandiri1 
1Cellular and Molecular Pathology Branch, Division of National Toxicology Program (DNTP), NIEHS, 
Research Triangle Park, NC, United States, 2Experimental Pathology Laboratories Inc, Research Triangle 
Park, NC, United States, 3Enloe High School, Raleigh, NC, United States, 4Free Radical Metabolism 
Group, NIEHS, Research Triangle Park, NC, United States, 5Predictive Toxicology and Screening Group, 
NIEHS, Research Triangle Park, NC, United States, 6Biostatistics and Computational Biology Branch, 
NIEHS, Research Triangle Park, NC, United States 

Introduction: In metallurgical operations, workers are potentially exposed to toxic metals via inhalation 
leading to a variety of pulmonary diseases including cancers. Recently, we demonstrated G to T 
transversions in cobalt metal dust (CMD)-induced alveolar/bronchiolar carcinomas in B6C3F1/N mice and 
F344/NTac rats and hypothesized that oxidative stress might be a contributing factor in cobalt-induced 
pulmonary carcinogenesis. The objective of this study was to demonstrate oxidative stress and 
subsequent adduct formation by the cobalt ion (cobalt (II) sulfate heptahydrate, CSH) in relevant lung cell 
lines (A549 and BEAS-2B cells).  

Methods: A549 and BEAS-2B cell lines were exposed to various concentrations of CSH (0-8.75 mM) for 
24 to 48 hours. The cell viability is measured by CellTiter-Glo® Luminescent assay and FACS analysis. 
Reactive oxygen species were measured by CM-H2DCFDA, Dihydroethidium and DMPO immuno-spin 
trapping assays. 

Results: A decreasing trend in cell viability by luminescent assay and FACS analysis, and an increasing 
trend in reactive oxygen species (ROS) production were observed at both 24- and 48-hour exposure 
times in a dose dependent manner by CM-H2DCFDA fluorescence adduct measurement and oxidation of 
DHE fluorescent dye. Exposure of calf thymus DNA to CSH resulted in a significant dose dependent 
increase in DNA nitrone adduct formation. 

Conclusions: These data demonstrate that CSH induces oxidative stress and decreases cell viability at a 
wide range of concentrations. This persistent oxidative stress induced by the cobalt (II) ion causes DNA 
adduct formation and subsequent mutations in cancer genes causing neoplasia by an indirect genotoxic 
mode of action. 
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Immunohistochemical Characterization of Islets of Langerhans in F344/N Rats Exposed to Cobalt 
(II) by Inhalation  

Arun Pandiri1, Shivpriya Sridhar3, Ramesh Kovi1,2, Kyathanahalli Janardhan4, Norris Flagler1, Ronald 
Herbert1, Gregory Travlos1, Mamta Behl1, Michelle Hooth1, Robert Sills1 
1National Toxicology Program, NIEHS, Research Triangle Park, NC, United States, 2EPL Inc., Research 
Triangle Park, NC, United States, 3Enloe High School, Raleigh, NC, United States, 4ILS Inc, Research 
Triangle Park, NC, United States 

Introduction: Increased incidences of pancreatic islet cell tumors in F344/N rats were observed in the 
NTP chronic bioassays of cobalt (II) sulfate heptahydrate (CSH) and cobalt metal dust (CMD). 

Objective: Characterize the immunophenotype of islet cell tumors, and also quantitate the α (glucagon) 
and β (insulin) cell populations in pancreatic islets from 90-day CSH and CMD exposure studies. 

Methods: H&E stained rat pancreatic lesions from the CSH and CMD NTP bioassays were reviewed. 
FFPE pancreatic tissue blocks from 90-day male rats from CSH and CMD bioassays were selected for 
analysis (N=40, control and high dose groups from both studies). In addition, 20 islet cell tumors from the 
CSH chronic bioassay were tested. Five um sections were stained with monoclonal antibodies against 
insulin (1:12000) and Glucagon (1:500). 

Results: Most islet cell tumors had multifocal to diffuse insulin staining with occasional weak multifocal 
glucagon staining. Quantitative image analysis of pancreatic islets from 90-day CSH and CMD studies 
revealed a significant decrease in the total pancreatic islet area and a corresponding significant reduction 
in α cell population in high dose CMD exposure group compared to their respective controls. 

Conclusions: Cobalt (II) exposure is directly toxic to pancreatic α cells and probably also to β cells as 
there was an overall reduction in the total pancreatic islet area in high dose exposure groups from 90-day 
CSH and CMD exposures. Cobalt induced oxidative stress may have caused loss of islet cells and their 
subsequent regeneration and proliferation may have resulted in neoplasia. 
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Thymomas in Fischer 344/N Rats in the National Toxicology Program Database 

Gabrielle A. Willson1, Rebecca R. Moore2, Karen Y. Cimon1, Hiroaki Nagai3, Rodney A. Miller1, Jerry F. 
Hardisty1, Neil Allison1, David E. Malarkey3 
1Experimental Pathology Laboratories, Inc., Research Triangle Park, NC, United States, 2Integrated 
Laboratory Systems, Research Triangle Park, NC, United States, 3Cellular and Molecular Pathology 
Branch, Division of the National Toxicology Program, National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, United States 

Introduction: Thymoma is an uncommon tumor in most strains of rats and mice. In a study of Sprague-
Dawley-derived rats (Tif:RAI), 192 primary thymic tumors (out of 4281 thymuses) were identified; 171 
were benign; 21 were malignant. In the F344/N rat, spontaneously occurring thymomas are rare, and 
most are reported as benign. There is no report of large studies of thymoma in F344/N rats. 

Methods and Materials: NTP historical databases were reviewed for all diagnoses of thymoma in male 
and female rats from chronic and subchronic studies. All sections of thymomas were evaluated 
histologically and classified as benign or malignant. Incidences, morphologic patterns, correlation of 
malignancy with survival days, cause of death and sacrifice type were tabulated. 

Experimental Design: To describe the morphological features, incidences, and behavior of thymoma in 
F344/N rats in NTP studies. 

Results: 277 mediastinal masses of thymic origin (approximately 175,000 rats from chronic studies and 
15,000 rats from subchronic studies) were identified as thymomas. They occurred more often in males; 
235 were considered benign; and 42 malignant. Malignant thymomas resulted in early mortality and were 
considered as cause of death. No occurrences were related to test articles. Rhere were no apparent 
differences in biological behavior based on morphological patterns. 

Impact Statement: Separating thymomas into several sub-classifications appears to have limited 
scientific relevance; therefore it seems adequate to designate them only as benign or malignant until new 
information is obtained. 

  



63

The Basis and relevance of Variation  
in Toxicologic responses

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

55 

Thymomas in Fischer 344/N Rats in the National Toxicology Program Database 

Gabrielle A. Willson1, Rebecca R. Moore2, Karen Y. Cimon1, Hiroaki Nagai3, Rodney A. Miller1, Jerry F. 
Hardisty1, Neil Allison1, David E. Malarkey3 
1Experimental Pathology Laboratories, Inc., Research Triangle Park, NC, United States, 2Integrated 
Laboratory Systems, Research Triangle Park, NC, United States, 3Cellular and Molecular Pathology 
Branch, Division of the National Toxicology Program, National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, United States 

Introduction: Thymoma is an uncommon tumor in most strains of rats and mice. In a study of Sprague-
Dawley-derived rats (Tif:RAI), 192 primary thymic tumors (out of 4281 thymuses) were identified; 171 
were benign; 21 were malignant. In the F344/N rat, spontaneously occurring thymomas are rare, and 
most are reported as benign. There is no report of large studies of thymoma in F344/N rats. 

Methods and Materials: NTP historical databases were reviewed for all diagnoses of thymoma in male 
and female rats from chronic and subchronic studies. All sections of thymomas were evaluated 
histologically and classified as benign or malignant. Incidences, morphologic patterns, correlation of 
malignancy with survival days, cause of death and sacrifice type were tabulated. 

Experimental Design: To describe the morphological features, incidences, and behavior of thymoma in 
F344/N rats in NTP studies. 

Results: 277 mediastinal masses of thymic origin (approximately 175,000 rats from chronic studies and 
15,000 rats from subchronic studies) were identified as thymomas. They occurred more often in males; 
235 were considered benign; and 42 malignant. Malignant thymomas resulted in early mortality and were 
considered as cause of death. No occurrences were related to test articles. Rhere were no apparent 
differences in biological behavior based on morphological patterns. 

Impact Statement: Separating thymomas into several sub-classifications appears to have limited 
scientific relevance; therefore it seems adequate to designate them only as benign or malignant until new 
information is obtained. 

  

56 

Comparison of Proliferative Biliary Lesions in F344 Rats and Humans  

Miaoxia He1,2, Ramesh Kovi1,3, Hue-Hua Hong1, Dave Malarkey1, Robert Sills1, Arun Pandiri1 
1Cellular and Molecular Pathology Branch, Division of National Toxicology Program (DNTP), NIEHS, 
Research Triangle Park, NC, United States, 2Department of Pathology, Changhai Hospital, The Second 
Military Medical University, Shanghai, China, 3Experimental Pathology Laboratories Inc., Research 
Triangle Park, NC, United States 

Introduction: The proliferative biliary lesions in rats are classified as biliary hyperplasia, cholangiofibrosis 
(CF), cholangioma, and cholangiocarcinoma (CC) and in humans they are classified as biliary 
hyperplasia, biliary adenoma, Biliary Intraepithelial Neoplasia (BillN) and cholangiocarcinoma. This study 
aims to compare morphological features and genetic alterations in proliferative biliary lesions from rats 
and humans.  

Experimental Design and Methods: Histopathology was done on rat liver lesions from dioxin and furan 
NTP bioassays and on human biliary lesions from Changhai Hospital, Shanghai, China. INHAND 
diagnostic criteria and the WHO criteria were used to evaluate the rat and human lesions, respectively. In 
addition, a panel of genes (K-ras, H-ras, Ctnnb1, Tp53, Braf, Idh1 and Idh2) were evaluated for mutations 
in the rat cholangiofibrosis and cholangiocarcinoma to identify any possible genetic alterations that may 
aid in the differential diagnoses of these lesions. 

Results: There is no equivalent lesion to rat cholangiofibrosis in humans. Cholangiofibrosis shares some 
of the morphological features of human bile duct adenoma-like lesions. However, histopathology alone 
was not sufficient to differentiate chronic inflammatory lesions from neoplastic lesions within the 
cholangiofibrosis-cholangiocarcinoma continuum. Therefore, further characterization of unique genetic 
alterations may be useful to differentiate the inflammatory fibrotic lesions from neoplastic lesions. 

Impact statement: Differentiating chemical-induced non-neoplastic fibrotic lesions from neoplastic biliary 
lesions is most important for hazard assessment of environmental chemicals. 
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CLL1-Targeting Nanomicelles Containing Daunorubicin Have Anti-Leukemia Stem Cell Activity in 
Patient-Derived Xenograft Models of Acute Myeloid Leukemia 

Tzu-yin Lin1,2, Yanjun Zhu1, Yuanpei Li1, Susan Airhart3, Chong-Xian Pan1, Brian Jonas1 
1UC Davis, Sacramento, CA, United States, 2LP Therapeutics, Davis, CA, United States, 3Jackson Lab, 
Bar Harbor, ME, United States 

Introduction: Patients with acute myeloid leukemia (AML) have a very poor prognosis related to a high 
rate of relapse and drug-related toxicity with the current standard "7+3" induction chemotherapy regimen. 
The ability of leukemia stem cells (LSCs) to survive chemotherapy is primarily responsible for relapse, 
and eliminating LSCs is ultimately essential for cure. Experimental Design: We developed novel disulfide-
crosslinked CLL1-targeting micelles (DC-CTM), and evaluate its ability to deliver high concentrations of 
daunorubicin (DNR), pharmacokinetics, toxicity profile, and anti-leukemia and LSC efficacy. Methods: 
Serum DNR concentration is measured at different time points and cardiotoxicity was evaluated with 
serum cardiac troponin I and histopathology. Anti-leukemia/LSC efficacy study was performed on 
immunodeficient mice bearing patient derived leukemia. Flow cytometry analysis on bone marrow 
aspirates and histopathology were employed to evaluate leukemia burden. Results: Compared to free 
DNR, DC-CTM-DNR had a longer half-life and increased DNR area under the curve concentration by 11-
fold. Additionally, DC-CTM-DNR exhibited a superior toxicity profile, including less cardiotoxicity, 
compared to free DNR. In patient-derived AML xenograft models, DC-CTM-DNR treatment led to 
significant decreases in AML engraftment and impairment of secondary transplantation compared to 
control groups. Conclusion: we demonstrate superior anti-LSC activity and anti-AML efficacy and 
preferable pharmacokinetic and toxicity profiles of DC-CTM-DNR compared to free DNR. Impact 
Statement: DC-CTM-DNR has the potential to significantly improve treatment outcomes and reduce 
therapy-related morbidity and mortality for patients with AML. 
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CLL1-Targeting Nanomicelles Containing Daunorubicin Have Anti-Leukemia Stem Cell Activity in 
Patient-Derived Xenograft Models of Acute Myeloid Leukemia 

Tzu-yin Lin1,2, Yanjun Zhu1, Yuanpei Li1, Susan Airhart3, Chong-Xian Pan1, Brian Jonas1 
1UC Davis, Sacramento, CA, United States, 2LP Therapeutics, Davis, CA, United States, 3Jackson Lab, 
Bar Harbor, ME, United States 

Introduction: Patients with acute myeloid leukemia (AML) have a very poor prognosis related to a high 
rate of relapse and drug-related toxicity with the current standard "7+3" induction chemotherapy regimen. 
The ability of leukemia stem cells (LSCs) to survive chemotherapy is primarily responsible for relapse, 
and eliminating LSCs is ultimately essential for cure. Experimental Design: We developed novel disulfide-
crosslinked CLL1-targeting micelles (DC-CTM), and evaluate its ability to deliver high concentrations of 
daunorubicin (DNR), pharmacokinetics, toxicity profile, and anti-leukemia and LSC efficacy. Methods: 
Serum DNR concentration is measured at different time points and cardiotoxicity was evaluated with 
serum cardiac troponin I and histopathology. Anti-leukemia/LSC efficacy study was performed on 
immunodeficient mice bearing patient derived leukemia. Flow cytometry analysis on bone marrow 
aspirates and histopathology were employed to evaluate leukemia burden. Results: Compared to free 
DNR, DC-CTM-DNR had a longer half-life and increased DNR area under the curve concentration by 11-
fold. Additionally, DC-CTM-DNR exhibited a superior toxicity profile, including less cardiotoxicity, 
compared to free DNR. In patient-derived AML xenograft models, DC-CTM-DNR treatment led to 
significant decreases in AML engraftment and impairment of secondary transplantation compared to 
control groups. Conclusion: we demonstrate superior anti-LSC activity and anti-AML efficacy and 
preferable pharmacokinetic and toxicity profiles of DC-CTM-DNR compared to free DNR. Impact 
Statement: DC-CTM-DNR has the potential to significantly improve treatment outcomes and reduce 
therapy-related morbidity and mortality for patients with AML. 
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Processing of Guinea Pig Inner Ear for Histopathological Evaluation 

Jean-Francois Lafond, Elena Bota, Natalie Dolinsek, Nathalie Lamer, Andrea-Claude Laroche-Connelly, 
Claudine Savard, Manon Skelling, Kelly Tenneson, Pierre Tellier 
Charles River Laboratories, Senneville, Quebec, Canada 

Introduction: Histopathological evaluation of inner ear structures, particularly the cochlear hair cells, is 
becoming an important tool in toxicologic pathology. We provide fast and cost-effective methods for the 
trimming, fixation and decalcification of guinea pig inner ear. Experimental design: The animals were 
euthanized and injected through the tympanic membrane with formalin or PFF. Some animals underwent 
fixative injection into the tympanic bulla or whole-body perfusion. Methods: Tympanic bullae were fixed 
and decalcified following 2 different protocols: PFF fixation and decalcification or formalin fixation and 
EDTA decalcification. Tissues were embedded in paraffin, step-sectioned, mounted on glass slides, and 
stained with hematoxylin and eosin (H&E). Results: Fixation and decalcification with PFF yielded the 
best preservation of cellular morphology for routine histopathological evaluation.  For 
immunohistochemistry, we developed a protocol using formalin fixation followed by EDTA decalcification. 
Conclusion: These methods were easy to perform, gave consistent results and allowed detailed 
histological evaluation by preserving the morphology of all yielded excellent results and allowed us to 
avoid the much more complex and expensive whole-body perfusion technique. Impact statement: Based 
upon our evaluation, simple and cost-effective methods can be used for histopathological evaluation of 
the guinea pig inner ear. 
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Histopathology of a Mouse Model of Kanamycin/Furosemide-Induced Cochlear Hair Cell Injury 

Jean-Francois Lafond, Kelly Tenneson, Gayle Hennig, Pierre Tellier 
Charles River Laboratories, Senneville, Quebec, Canada 

Introduction: Ototoxicity is a known adverse effect of several drugs, including antibiotics, diuretics, 
chemotherapy agents and nonsteroidal anti-inflammatory drugs.  Risk of hearing loss and/or balance in 
patients has caused an increased interest in this phenomenon.  We characterized a mouse model of 
cochlear hair cell injury using two known ototoxic compounds, as a tool to screen for ototoxicity. 
Experimental design: Four groups of 4 C57BL6 female mice/group were administered a single dose of 
kanamycin (1 mg/g) by subcutaneous injection and furosemide (0.08, 0.10, 0.25 or 0.40 or mg/g) by 
intraperitoneal injection.  Necropsies were performed 10 days post-treatment. Methods: the tympanic 
bulla and inner ear were removed and the tissues were fixed and decalcified in PFF solution, step-
sectioned and stained with hematoxylin and eosin. Results: Cellular loss and degeneration were 
observed in the cochlea of animals administered furosemide at ≥ 0.10 mg/g.  Outer hair cells were the 
most susceptible to the effects of kanamycin/furosemide, followed by inner hair cells and supporting cells 
(i.e. pillar cells and phalangeal cells). Conclusion: Administration of kanamycin/furosemide to the 
C57BL6 mouse resulted in ototocxicity characterized by degeneration/loss of the outer and inner hair 
cells and supporting cells of the cochlea. Impact statement: We characterized a mouse model of 
ototoxicity which could be used as a positive control for screening new drugs and in safety studies. 
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Changes in Plasma Adrenal Steroids and in Adrenal Histology in Rats Reflecting Modes of Action 
of Compounds on Adrenal Steroidogenesis 

Tomoaki Tochitani, Akihito Yamashita, Mami Kouchi, Yuta Fujii, Izumi Matsumoto, Izuru Miyawaki, Toru 
Yamada, Takatoshi Koujitani 
Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan 

Introduction: Drug-induced inhibition of adrenal steroidogenesis can induce serious adverse effects. 
Thus, when it is suspected in toxicity studies, the underlying mechanism should be examined. Here, to 
collect reference data for mechanistic studies, we examined the changes in plasma concentrations of 
adrenal steroids and in adrenal histology in rats induced by compounds with different modes of action. 
Experimental Design: Male SD rats were dosed with tricresyl phosphate (TCP: nCEH inhibitor), 
aminoglutethimide (AG: CYP11A1 inhibitor), metyrapone (MET: CYP11B1 inhibitor), ketoconazole (KET: 
CYPs inhibitor) or mifepristone (MIF: glucocorticoid receptor antagonist), once daily for 7 days. Six hours 
after the final dosing, blood was collected from the tail vein. Twenty-four hours after the final dosing, the 
animals were sacrificed and the adrenals were weighed and collected.  
Methods: The adrenals were examined histologically. Plasma concentrations of corticosterone (CORT), 
deoxycorticosterone (DOC), progesterone and pregnenolone were measured using LC-MS/MS. 
Results: The adrenal weight was high except in the TCP group. Histologically, the zona 
fasciculata/reticularis were vacuolated with or without hypertrophy in the TCP, AG and KET groups, while 
zona fasciculata/reticularis were hypertrophic without vacuolation in the MET and MIF groups. Plasma 
concentration of CORT tended to be low in the AG and KET groups, and that of DOC was markedly high 
in the MET and KET groups.  
Conclusion: The patterns of changes reflected the modes of action of the compounds. 
Impact statement: By comparing the pattern of changes, an insight will be given into the mechanisms of 
drug effects on adrenal steroidogenesis . 
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Effects of Unilateral Nephrectomy on Diabetic Kidney Lesions in db/db Mice 

Kaoru Toyoda, Kochi Kakimoto, Katsuhiro Miyajima, Yuzo Yasui, Yusuke Kemmochi, Akiko Anagawa-
Nakamura, Eriko Riya, Akemi Takahashi, Toshiyuki Shoda, Kayoko Takagi, Satomi Takeuchi, Tatsuya 
Maekawa, Yoshifumi Miyakawa 
Japan Tobacco Inc., Kanagawa, Japan 

Introduction: The db/db mouse, which is a model of type 2 diabetes, has a mutation of the db gene which 
encodes a leptin receptor. The lack of leptin signaling leads to the development of hyperphagia, obesity, 
hyperglycemia and hyperinsulinemia. The db/db mouse is also used as a diabetic nephropathy model 
because this model is known to spontaneously develop increased urinary protein level, renal hypertrophy 
and increase of the glomerular matrix and the renal lesions progressively deteriorate with ages. In this 
study, we used unilateral nephrectomized (uNx) db/db mice and investigated sequentially the effect of 
nephrectomy on the renal lesions. Experimental Design & Methods: For uNx animals, nephrectomy 
operation was conducted at 7 weeks old. Unoperated db/m mice, uNx db/m mice, unoperated db/db mice 
and uNx db/db mice were necropsied at 19, 24, 35 and 42 weeks old (males, n=2, 4 or 5). Kidneys were 
collected and examined histopathologically and ultrastructurally. Results: Renal lesions including renal 
hypertrophy, increased glomerular matrix, tubular dilatation, Armanni Ebstein lesions and 
nuclear/cytoplasmic glycogen accumulation in the tubular epithelium were observed from 19 weeks of 
age in both unoperated and uNx db/db mice. The incidence and severity of almost all the changes were 
increased in uNx db/db mice when compared to unoperated db/db mice. Nuclear/cytoplasmic glycogen 
accumulation in the tubular epithelium was not exacerbated by nephrectomy. Conclusion: This study 
suggested that nephrectomy increases the burden on the glomeruli and exacerbates the renal lesions in 
db/db mice. Impact statement: Nephrectomy could accelerate the renal lesions in db/db mice. 
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Maturity-Related Variability of the Thymus in Cynomolgus Monkeys (Macaca fasciculata)  

Nancy Everds2, Paul Snyder1, William Craven2, Jonathan Werner3, Sarah Tannehill-Gregg3, Roberto 
Guzman3 
1Experimental Pathology Laboratories, Inc, West Lafayette, IN, United States, 2Amgen, South San 
Francisco, CA, United States, 3Amgen, Thousand Oaks, CA, United States 

Introduction/Objectives:  The purpose of this study was to evaluate thymus weight parameters and light 
microscopic observations in a large cohort of control animals. Materials and Methods:  Terminal body 
weights, thymus weight parameters, and thymus morphology were retrospectively evaluated in 453 
cynomolgus monkeys assigned to control groups on nonclinical toxicity studies. Morphology of bone, 
ovary, and testis/epididymis were used to determine maturity status of individual animals. Results:  There 
was no correlation between terminal body weight and thymus weight (absolute and/or relative to terminal 
body weight or brain weight). Thymus weight parameters and grades of decreased lymphocytes in the 
thymus were highly variable in immature animals compared to mature animals. There was also high (up 
to 11-fold) variability of thymus weight parameters within a given control group on the same study 
(generally 3 or 4 animals per sex). Several parameters evaluated had more pronounced age-related 
changes in males when compared to females. Conclusions:  Changes in thymus parameters in 
cynomolgus monkeys are unreliable indicators of immunomodulation or immunotoxicity in the absence of 
other relevant findings. Therefore, the thymus parameters commonly evaluated in preclinical safety 
assessments should not be the primary dataset used to determine the presence of a direct test article-
related effect on the immune system. Impact Statement:  Our results demonstrate the inherent variability 
of thymus weight parameters and morphologic observations for cynomolgus monkeys, and allows for a 
more informed assessment of these parameters on toxicology studies.    
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Postnatal Development of the Rat Kidney 

Danielle Brown1, Brent Walling2, Marc Mattix2 
1WIL Research, Hillsborough, NC, United States, 2WIL Research, Ashland, OH, United States 

Introduction/Objectives: Juvenile toxicity studies are increasing in frequency due to changing 
regulations, and many pathologists are unfamiliar with normal histology of immature tissues. When 
unscheduled death occurs, age-matched controls are rarely available for comparison and pathologists 
may have difficulty discerning normal immaturity from potential toxicologic effects. The kidney is highly 
immature at birth in the rat, being morphologically "fetal" when compared with humans. The purpose of 
this study was to characterize the normal histology of the rat kidney from birth until postnatal day (PND) 
42. Experimental Design: Untreated male and female Sprague-Dawley rats were sacrificed at weekly 
intervals from birth until PND 42. Methods: At the time of necropsy, tissues were immersion fixed in 10% 
neutral-buffered formalin, routinely processed and embedded in paraffin, stained with hematoxylin and 
eosin, and examined microscopically. Results: Subregions of the rat kidney mature at different rates 
during postnatal development. The papilla is the earliest to mature (PND 7), followed by the cortex (PND 
21), and finally the medulla (PND 30). New nephrons form through PND 4 and continue to develop until 
PND 15. This is in contrast with humans, in which nephron development is complete by birth. 
Conclusion: The rat kidney is strikingly immature at birth and does not appear fully mature histologically 
until PND 30. Impact Statement: The normal histologic appearance of the rat kidney during juvenile 
development is presented. This serves as an important reference for pathologists evaluating juvenile 
toxicity studies, particularly for unscheduled deaths with no age-matched control animals. 
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Glial Fibrillary Acidic Protein-Positive Glial Tumors Do Occur in Harlan Sprague-Dawley Rats 

Kyathanahalli Janardhan1, Ramesh Kovi2, Arun Pandiri3, David Malarkey3, Mark Cesta3, Robert Sills3, 
Amy Brix2, Gordon Flake3, Ron Herbert3, Paul Foster3, Susan Elmore3 
1Integrated Laboratory Systems Inc., Research Triangle Park, North Carolina, United States, 
2Experimental Pathology Laboratories Inc., Research Triangle Park, North Carolina, United States, 
3National Toxicology Program, NIEHS, Research Triangle Park, North Carolina, United States 

Introduction: Glial Fibrillary Acidic Protein (GFAP) is a useful marker to diagnose astrocytomas. Routinely, 
in rats, astrocytomas are diagnosed based on their histological features. Previous studies have 
immunohistochemically characterized astrocytomas in rats. These studies suggested that neoplasms 
diagnosed as astrocytomas were microglial tumors as they were positive for Ionized calcium binding 
adapter protein 1 (Iba1) and negative for GFAP. The objective of our study was to immunohistochemically 
characterize glial tumors of Harlan Sprague-Dawley {Hsd:Sprague-Dawley (SD)} rats. 
Methods: Twelve glial tumors from a two-year bioassay in HSD rats were immunohistochemically stained 
for GFAP, Iba1, oligodendrocyte lineage transcription factor 2 (Olig2), glutamine synthetase (GS) and 
Nestin. 
Results: Ten of the twelve glial tumors were positive for Iba1 and negative for GFAP and nestin. In a few 
of the Iba1-positive tumors, some immunoreactivity to GS and scattered Olig2-positive neoplastic cells 
were present. Two of the twelve glial tumors were positive for GFAP and negative for Iba1; these tumors 
also had Olig2-positivity.  
Conclusion: In HSD rats, GFAP-positive glial tumors do occur. Immunohistochemical evaluation of a large 
number of glial tumors in rats is critical for establishing the histomorphological criteria for the classification 
of rat brain tumors. Potential strain differences (F344/SD/Wistar Han) should also be considered in the 
evaluation. We propose the use of the term "malignant glioma" for the diagnosis of rat glial tumors as 
further research is conducted to fully characterize the biology of these complex tumors. 
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Two Morphologic Different Variants of Immune Complex-Mediated Endocapillary 
Glomerulonephritis in Cynomolgus Monkeys 

Juergen Funk1, Jennifer Rojko2, Marie-Anne Marten3, Christine Schubert1, Thomas Sergejew1, Michael J 
Mihatsch4 
1Roche Pharmaceutical Research and Early Development, Pharmaceutical Sciences, Roche Innovation 
Center Basel, Basel, Switzerland, 2Charles River Pathology Associates, Frederick, MD, United States, 
3Charles River Tranent, Edinburgh, United Kingdom, 4University Hospital Basel, Institute for Pathology, 
Basel, Switzerland 

Introduction: Anti-drug antibodies form relatively often in monkeys after treatment with biologics. 
Immune complex (IC) formation and deposition in tissues may cause inflammation and tissue damage by 
complement activation and the release of vasoactive amines. In the present case, two morphologic 
different variants of IC-mediated glomerulonephritis (GN) are described. Experimental Design: In a 26-
week toxicity study, cynomolgus monkeys were treated twice weekly i.v. at 50 and 150 mg/kg with a 
humanized monoclonal IgG antibody intended for the treatment of Alzheimer´s disease. Methods: Light 
microscopy, immunohistochemistry (IHC) for human IgG, monkey IgG and complement component C3, 
and transmission electron microscopy (TEM) on kidneys were performed. Results: One female monkey 
at 50 mg/kg and one at 150 mg/kg were sacrificed moribund during the course of the study. Endocapillary 
GN was observed in both females characterized by glomerular hypercellularity with an increase of mainly 
monocytes. At 150 mg/kg, fibrin exudation and hemorrhage into the Bowman´s space was seen in a few 
glomeruli. Crescents in more than 50 % of the glomeruli were observed at 50 mg/kg only. IC deposits 
were demonstrated in both animals by IHC and TEM in the peripheral capillary loops and the mesangium. 
Conclusion: The two variants of an IC-mediated GN clearly show the stereotypic sequence of events in 
the development of crescentic GN in cynomolgus monkeys. Impact statement: As human or humanized 
proteins are sufficiently different from monkey proteins to elicit an immune response, immunogenicity in 
animals is not considered relevant in terms of predicting immunogenicity in humans. 
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Dissection of Pigmented Cells in the Rat Inner Ear for Toxicological Risk Assessment 

Bettina Lawrenz, Christina Elliott, Ludwig Schladt 
Bayer Pharma AG, Wuppertal, Germany 

Introduction: Melanin is a biopolymer which is found in many organisms as protective filter. Due to its 
hydrophobic and acidic nature melanin has a high binding affinity for a wide range of drugs and 
chemicals. Repeated or chronic administration of therapeutic or chemical agents may lead to 
accumulation in melanin-rich tissues such as skin, hair, brain, eye and inner ear. The proximity of 
pigmented cells to sensory neurons especially in the eye and inner ear brings these organs into the focus 
of risk assessment. Experimental Design: Male Long Evans rats (RjOrl:LE) were used in a 13-week oral 
toxicity study. Methods: Rats were sacrificed by perfusion fixation under deep pentobarbital anesthesia. 
The skull was postfixed in 10% buffered formalin and decalcified using citrate-formic acid. Step and serial 
H&E sections were conducted to find the optimal cut level for the inner ear. Results and Conclusions: 
Melanin-containing cells are described in the cochlea, in the vestibular organ and endolymphatic sac. In 
view of this difficult anatomical region, preparation of melanocytes in the stria vascularis of the cochlea is 
most effective. An anatomical overview and guidance to successful inner ear histopathology is given. 
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Retinal Lesion and miRNA Elevation Induced by UNC569, a MerTK Inhibitor, in Mice 

Ayako Sayama1, Tetsuya Ohsawa1, Keiko Okado2, Koichi Nakamura3, Takuma Iguchi1, Toshihiko 
Makino1, Kiyonori Kai1, Wataru Takasaki1 
1Medicinal Safety Research Laboratories, Daiichi Sankyo Co., Ltd., Edogawa-ku, Tokyo, Japan, 
2Discovery Science & Technology Department, Daiichi Sankyo RD Novare Co., Ltd., Edogawa-ku, Tokyo, 
Japan, 3Drug Metabolism & Pharmacokinetics Research Laboratories, Daiichi Sankyo Co., Ltd., 
Shinagawa-ku, Tokyo, Japan 

Introduction: Mer tyrosine kinase (MerTK), a member of the Mer/Axl/Tyro3 receptor kinase family, is 
known to regulate phagocytosis of retinal pigment epithelium (RPE). To evaluate the effect of MerTK 
inhibition in the retina, pathological examination and miRNA analysis were performed with a MerTK 
inhibitor, UNC569, in mice. 

Experimental Design: Seven-week-old male BALB/c AnNCrlCrlj mice (n=5) received oral administration 
of UNC569 at doses of 60, 100, or 150 mg/kg/day for 14 days. The day after the final dosing, the animals 
were euthanized and the eyes and organs with macroscopic abnormalities were collected for 
histopathological examination. Retinal tissues and plasma samples were also collected to analyze tissue 
concentrations of UNC569 and miRNAs, respectively. 

Methods: For pathological examination, microscopic observation of HE sections and semi-thin sections 
and ultrastructural observation were performed. For miRNA analysis, miR-96, miR-124a and miR-183 
were measured by RT-qPCR. 

Results: Animals in the 150 mg/kg group died or were sacrificed moribund on Day 9 or 10. 
Microscopically, vacuolation and increased granule were observed in RPE in 100 and 150 mg/kg groups. 
Ultrastructurally, phagosome and phagolysosome increased in RPE in the 100 mg/kg group, and 
electron-dense nucleus of photoreceptor increased in the 150 mg/kg group. Tissue concentration in the 
retina increased in correlation with dosage levels, and plasma levels of miR-124a and miR-183 increased 
in the 150 mg/kg group. 

Conclusion: UNC569 increased phagosome and phagolysosome in RPE, which possibly resulted in 
elevation of retinal toxicity-related miRNAs in plasma. 

Impact statement: This study indicates MerTK inhibitors induce RPE toxicity in the eye. 
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Retinal Lesion and miRNA Elevation Induced by UNC569, a MerTK Inhibitor, in Mice 

Ayako Sayama1, Tetsuya Ohsawa1, Keiko Okado2, Koichi Nakamura3, Takuma Iguchi1, Toshihiko 
Makino1, Kiyonori Kai1, Wataru Takasaki1 
1Medicinal Safety Research Laboratories, Daiichi Sankyo Co., Ltd., Edogawa-ku, Tokyo, Japan, 
2Discovery Science & Technology Department, Daiichi Sankyo RD Novare Co., Ltd., Edogawa-ku, Tokyo, 
Japan, 3Drug Metabolism & Pharmacokinetics Research Laboratories, Daiichi Sankyo Co., Ltd., 
Shinagawa-ku, Tokyo, Japan 

Introduction: Mer tyrosine kinase (MerTK), a member of the Mer/Axl/Tyro3 receptor kinase family, is 
known to regulate phagocytosis of retinal pigment epithelium (RPE). To evaluate the effect of MerTK 
inhibition in the retina, pathological examination and miRNA analysis were performed with a MerTK 
inhibitor, UNC569, in mice. 

Experimental Design: Seven-week-old male BALB/c AnNCrlCrlj mice (n=5) received oral administration 
of UNC569 at doses of 60, 100, or 150 mg/kg/day for 14 days. The day after the final dosing, the animals 
were euthanized and the eyes and organs with macroscopic abnormalities were collected for 
histopathological examination. Retinal tissues and plasma samples were also collected to analyze tissue 
concentrations of UNC569 and miRNAs, respectively. 

Methods: For pathological examination, microscopic observation of HE sections and semi-thin sections 
and ultrastructural observation were performed. For miRNA analysis, miR-96, miR-124a and miR-183 
were measured by RT-qPCR. 

Results: Animals in the 150 mg/kg group died or were sacrificed moribund on Day 9 or 10. 
Microscopically, vacuolation and increased granule were observed in RPE in 100 and 150 mg/kg groups. 
Ultrastructurally, phagosome and phagolysosome increased in RPE in the 100 mg/kg group, and 
electron-dense nucleus of photoreceptor increased in the 150 mg/kg group. Tissue concentration in the 
retina increased in correlation with dosage levels, and plasma levels of miR-124a and miR-183 increased 
in the 150 mg/kg group. 

Conclusion: UNC569 increased phagosome and phagolysosome in RPE, which possibly resulted in 
elevation of retinal toxicity-related miRNAs in plasma. 

Impact statement: This study indicates MerTK inhibitors induce RPE toxicity in the eye. 
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Toxicity Study in Cynomolgus Monkeys to Understand the Pathogenesis of Drug-Induced 
Thrombocytopenia 

William Reagan1, Theodore Schmahai1, Norimitsu Shirai1, Frank Geoly1, Carlin Okerberg1, Gregg 
Cappon1, Sharon Sokolowski1, Chunli Huang1, Cynthia Drupa1, Walt Bobrowski1, Laurel VanDerWiele1, 
Kenneth Kelly2, William Esler2 
1Pfizer, Groton, CT, United States, 2Pfizer, Cambridge, MA, United States 

 Introduction: A 2-week toxicity study was performed to understand the pathogenesis of 
thrombocytopenia in cynomolgus monkeys seen with a lipid modulating compound.  Experimental 
Design: Cynomolgus monkeys were dosed by oral gavage for 15 days with 0, 25, or 75 mg/kg of 
compound X.  Serial hematology, coagulation, and clinical chemistry evaluations were done.  Platelet 
function testing including platelet aggregation and platelet activation was performed.  Animals were 
euthanized for gross and microscopic tissue examination.  Bone marrow examination included cytologic, 
histologic, ploidy and immunophenotyping analysis, and electron microscopy.  Methods: Clinical 
pathology, histopathology, and electron microscopy were done using routine 
methods.  Platelet aggregation was measured by electrical impedance in whole blood and platelet 
activation was assessed by flow cytometry.  Megakaryocyte immunophenotyping and ploidy analysis 
using propidium iodide and RNase digestion were done by flow cytometry.  Results:  Thrombocytopenia 
was noted by Day 7 and continued through Day 15.  Based on the lack of significant platelet activation, 
changes in coagulation parameters or platelet aggregation, increased immature megakaryocytes 
histologically, decreased megakaryocyte ploidy, and the presence of a less developed megakaryocyte 
demarcation membrane system seen ultra-structurally, the drug-induced thrombocytopenia was attributed 
to decreases in production by the megakaryocytes.  In vitro megakaryocyte cultures also demonstrated 
decreased megakaryocyte development.  Impact statement: Investigative tools were developed and 
applied to better understand the mechanism of thrombocytopenia in cynomolgus monkeys induced by a 
lipid modulating compound.  Rat and dog toxicity studies did not predict the hematotoxicity, suggesting 
cynomolgus monkeys may be a better species for evaluation of lipid modulating compounds. 
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Rat Models of IL-23 or Imiquimod-Induced Inflammation as Translational Tools for Psoriasis Drug 
Discovery 

Sheila Cummings Macri, Robert Resnick, Kyriakos Economides, Lan Gao, Erik Zarazinski, Errin Roberts, 
Kuldeep Singh, Sandra Dinocca, Arun Subramanian, Beth Thurberg, Dinesh Bangari 
Sanofi Genzyme, Framingham, MA, United States 

Introduction:  Preclinical animal models are critical to the investigation of experimental therapeutics that 
target disease pathways in psoriasis, a chronic inflammatory disorder of the skin.  A variety of mouse 
models are available; however, these have limited utility for testing novel therapeutics that are not active 
in the mouse system. Here we present two rat models of psoriasiform inflammation.  Experimental 
Design:  Rat IL-23 was injected intradermally in ear skin of Sprague-Dawley (SD) rats on alternating days 
for 10 days. Alternatively, imiquimod was applied topically daily to SD rat ears and back skin. Control 
groups in both experiments included vehicle-treated rats and/or naïve untreated rats. Methods: Caliper 
measurements of ear thickness were performed in a blinded fashion on alternating days for the duration 
of the studies. At study end, ear and back skin were collected for histopathology and cytokine gene 
expression assessment. Immunohistochemistry to detect T cells and cell proliferation was also performed. 
Results: A significant increase in the ear thickness, epidermal thickness, keratinocyte proliferation, and 
dermal inflammatory cell infiltration along with altered cytokine mRNA expression was observed in SD 
rats treated with either IL-23 or imiquimod as compared to the respective vehicle-treated or naïve control 
rats.  Conclusion: The features of these rat models are comparable to those of the IL-23 or imiquimod-
induced mouse model and recapitulate key aspects of human plaque psoriasis.  Impact statement: SD 
rats with localized skin pathology induced with either IL-23 or imiquimod may serve as a valuable 
translational tool for psoriasis drug discovery. 
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BTK Knockout Rat Model Demonstrates Rat-Specific BTK Inhibitor-Related Pancreatic Pathology 
Is On-Target and Unlikely to be Relevant for Humans 

Leah Schutt, Rebecca Erickson, Jacqueline Tarrant, Michelle McDowell, Arna Katewa, Yugang Wang, 
Tao Huang, William Kennedy, Dinah Misner, Karin Reif 
Genentech, Inc., South San Francisco, CA, United States 

Bruton’s tyrosine kinase (BTK) is a Tec family tyrosine kinase involved in B cell and myeloid cell signaling. 
Small molecule inhibitors of BTK (BTKi) are being investigated for efficacy in a spectrum of hematological 
cancers and autoimmune diseases. In Sprague-Dawley (SD) rats, BTKi cause distinct histopathologic 
changes in the pancreas characterized by islet-centered hemorrhage, inflammation, fibrosis, with 
adjacent lobular exocrine acinar cell atrophy and degeneration. The lack of similar BTKi-related 
pancreatic pathology in mice or dogs, and the absence of pancreatic disease in humans or mice deficient 
in BTK suggest that these findings are rat-specific. To understand the role of BTK and relevance for 
humans, we generated BTK knockout (KO) SD rats using zinc-finger nuclease technology and compared 
their phenotype to age-matched controls at 8 and 13 weeks of age. Western blot analyses confirmed the 
loss of BTK protein in BTK KO rats. Similar to genetic deficiency in mice and human, BTK KO rats 
demonstrated a marked reduction of follicular B cells in lymphoid tissues as well as a pronounced 
decrease in serum IgM and IgG concentrations. Pancreatic findings in BTK KO rats were identical to 
those caused by BTKi, and were associated with an impaired insulin response following an oral glucose 
challenge. The presence of pancreatic lesions in BTK KO SD rats, together with the lack of similar 
findings in humans or mice deficient in BTK, strongly support that pancreatic findings in BTKi-treated SD 
rats are rat-specific pathology associated with BTK inhibition that is unlikely to translate to humans. 
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Aseptic Meningitis in Mice following Intravenous Administration of a T Cell-Targeting Antibody 

Dinesh Bangari, Patrick Finn, Emily LaCasse, Tanya Walker, Gina LaCorcia, Carla Lawendowski, Mark 
Blazka, Alison McVie-Wylie, Beth Thurberg 
Sanofi Genzyme, Framingham, MA, United States 

Introduction: Intravenous (IV) administration of a mouse-specific T cell-targeting antibody (Ab) in mice 
resulted in brain and spinal cord lesions suggestive of drug-induced aseptic meningitis. The relative 
susceptibility of outbred and inbred mouse strains to develop these lesions was examined. 

Experimental Design: Outbred CD-1 mice were administered 0.5-25 mg/kg Ab IV daily for 1, 3 or 5 days. 
In a subsequent experiment, a single IV injection of 25 mg/kg Ab was administered to two outbred (CF-1 
and Swiss Webster) and three inbred (C57Bl/6, BALB/c and DBA/2) strains. Mice were euthanized 24 hr 
post-dose. 

Methods: Multiple coronal sections of the brain and spinal cord were evaluated microscopically. 
Immunohistochemistry was performed to characterize the inflammatory cell infiltrates. 

Results: Minimal-to-mild perivascular meningeal infiltrates in the brain and spinal cord were observed in 
outbred stocks following single or repeated IV injections of Ab. The incidence of these changes following 
a single 25 mg/kg dose in CD-1, CF-1 and Swiss Webster mice was 75%, 38%, and 13%, respectively. 
This change was not observed in any of the inbred strains. Immunohistochemical evaluation of the 
tissues determined that the inflammatory cells were CD3+ T cells, CD45R+ B cells, with a few 
macrophages, and rare neutrophils. 

Conclusion: Histopathologic changes were suggestive of drug-induced aseptic meningitis. Although an 
underlying mechanism for these lesions was not elucidated, its presence in the outbred strains and 
absence in inbred strains implies significant contribution of host factors. 

  

Impact Statement: Effects of antibody therapeutics in mice may be dependent upon their genetic 
background. 



79

The Basis and relevance of Variation  
in Toxicologic responses

P
o
st

e
r 

P
re

se
n

ta
ti

o
n

s

71 

Aseptic Meningitis in Mice following Intravenous Administration of a T Cell-Targeting Antibody 

Dinesh Bangari, Patrick Finn, Emily LaCasse, Tanya Walker, Gina LaCorcia, Carla Lawendowski, Mark 
Blazka, Alison McVie-Wylie, Beth Thurberg 
Sanofi Genzyme, Framingham, MA, United States 

Introduction: Intravenous (IV) administration of a mouse-specific T cell-targeting antibody (Ab) in mice 
resulted in brain and spinal cord lesions suggestive of drug-induced aseptic meningitis. The relative 
susceptibility of outbred and inbred mouse strains to develop these lesions was examined. 

Experimental Design: Outbred CD-1 mice were administered 0.5-25 mg/kg Ab IV daily for 1, 3 or 5 days. 
In a subsequent experiment, a single IV injection of 25 mg/kg Ab was administered to two outbred (CF-1 
and Swiss Webster) and three inbred (C57Bl/6, BALB/c and DBA/2) strains. Mice were euthanized 24 hr 
post-dose. 

Methods: Multiple coronal sections of the brain and spinal cord were evaluated microscopically. 
Immunohistochemistry was performed to characterize the inflammatory cell infiltrates. 

Results: Minimal-to-mild perivascular meningeal infiltrates in the brain and spinal cord were observed in 
outbred stocks following single or repeated IV injections of Ab. The incidence of these changes following 
a single 25 mg/kg dose in CD-1, CF-1 and Swiss Webster mice was 75%, 38%, and 13%, respectively. 
This change was not observed in any of the inbred strains. Immunohistochemical evaluation of the 
tissues determined that the inflammatory cells were CD3+ T cells, CD45R+ B cells, with a few 
macrophages, and rare neutrophils. 

Conclusion: Histopathologic changes were suggestive of drug-induced aseptic meningitis. Although an 
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Impact Statement: Effects of antibody therapeutics in mice may be dependent upon their genetic 
background. 
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Focal Chondrocyte Dysplasia in the Femoral Metaphysis in Young Sprague-Dawley Rats 

Noriaki Ishigami1, Koji Shimouchi2, Ai Hashimoto1, Jun Katagi1 
1ONO Pharmaceutical Co., Ltd, Shimamoto-cho, Osaka, Japan, 2ONO Pharmaceutical Co., Ltd, Sakai-
shi, Fukui, Japan 

Introduction: Spontaneous bone lesions are less common in young rats. In this poster, we describe the 
spontaneous histological characteristics of focal chondrocyte dysplasia at the femoral metaphysis in 
several young Crl:CD(SD) rats. 

Materials and Methods: Total 1344 male rats at 6- to 8-week old were obtained from various toxicity 
studies. The distal femur with knee joint was examined histopathologically. 

Results: Clusters of chondrocytes at metaphysis (trabecular and/or compact bone) were observed in the 
distal femur, but not in the proximal tibia of 24 rats, regardless of the control or test substance-treated 
group. The lesions of all these animals were located in the posterior part of the knee joint. In the central 
part of the lesions, compact chondrocytes stack in neat rows, which were similar to the proliferative zone 
of growth plate. In the peripheral part of the lesions, large chondrocytes had an apparent space around 
the cell, which were similar to the hypertrophy zone of growth plate. Histopathologically, these lesions 
were diagnosed as focal chondrocyte dysplasia. 

Conclusion: The present lesion was observed not only in the test substance-treated group but also in the 
control group. Moreover, we have never observed similar lesions in elderly rats (older than 8 weeks). 
Therefore, we surmise that the lesions occur sporadically in young rats and disappear as animals grow. 
Temporal focal disturbance of the endochondral ossification may be a pathogenesis of the present lesion. 

Impact statement: This focal chondrocyte dysplasia in the distal femur is a rare spontaneous lesion in 
young rats. 
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INHAND: International Harmonization of Nomenclature and Diagnostic Criteria for Lesions—An 
Update—2016  

Charlotte Keenan1, Julia Baker2, Alys Bradley3, Dawn Goodman4, Takanori Harada5, Ronald Herbert6, 
Wolfgang Kaufmann7, Rupert Kellner8, Beth Mahler6, Emily Meseck9, Thomas Nolte10, Suzanne 
Rittinghausen8, John Vahle11, Katsuhiko Yoshizawa12 
1CM Keenan ToxPath Consulting, Doylestown, PA, United States, 2Charles River, Frederick, MD, United 
States, 3Charles River, Tranent, Scotland, United Kingdom, 4Independent Consultant, Potomac, MD, 
United States, 5The Institute of Environmental Toxicology, Joso-shi, Ibaraki, Japan, 6NIEHS, Research 
Triangle Park, NC, United States, 7Merck KGaA, Darmstadt, Germany, 8Fraunhofer ITEM, Hanover, 
Germany, 9Novartis Institute for Biomedical Research, East Hanover, NJ, United States, 10Boehringer 
Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany, 11Eli Lilly & Company, Indianapolis, 
IN, United States, 12Kansai Medical University, Hirakata, Osaka, Japan 

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) 
manages overall objectives of the project and 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, with experts from North America, Europe and Japan. 

Great progress has been made with 10 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, and Digestive 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. INHAND nomenclature guides offer diagnostic criteria and guidelines for recording 
lesions observed in toxicity and carcinogenicity studies.  The guides provide representative photo-
micrographs of morphologic changes, information regarding pathogenesis, and key references. 

INHAND GESC representatives attended meetings with representatives of the FDA Center for Drug 
Evaluation and Research (CDER), Clinical Data Interchange Standards Consortium (CDISC), and the 
National Cancer Institute (NCI) Enterprise Vocabulary Services (EVS) to incorporate INHAND terminology 
as preferred terminology for SEND (Standard for Exchange of Nonclinical Data) submissions to the 
FDA.  Interest in utilizing INHAND nomenclature, based on input from industry and government 
toxicologists as well as information technology specialists, suggests that there will be wide acceptance of 
this nomenclature. 
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Drug-Induced Retinal Toxicity and Associated Changes in the Optic Tract of Laboratory Beagles 

Gail Pearse, Peter Clements 
GSK, Ware, Hertfordshire, United Kingdom 

Introduction: Drug induced ocular toxicity is a relatively uncommon finding in the dog in our experience. 
This case study demonstrates the morphological changes seen in the progression of a retinal lesion and 
involvement of the optic tract over time.  
Experimental design and results: In an oral single dose escalating 7-day DRF study, 600mg/kg/day of the 
test article caused no adverse effects. 
A 28-Day oral toxicity study was carried out in 3 groups of 3 dogs at 0, 100 or 300 mg/kg/day. Focal 
eosinophilic inclusions in the outer plexiform layer of the retina were recorded in 2/3 animals in the 
300mg/kg/day dose group only. Wallerian (axonal) degeneration was also recorded in the optic nerves of 
these animals. 
A follow up 3 month study (4 groups of 3 dogs given 0, 30, 100, or 300 mg/kg/day), was conducted in 
order to assess whether retinal changes could be identified in life by opthalmoscopy and 
electroretinogram(ERG). Terminally,retinal lesions in the 300mg/kg/day dose group were found to have 
increased in severity with striking degenerative changes in the optic tract of the brain. Minimal retinal 
changes were present in the 100mg/kg/day dose group. 

Conclusion: This case study 1.Demonstrates how, over time, some pathological lesions can increase in 
severity and extend to lower dose groups. 2. Underlines the importance of accurate identification and 
sampling of the optic tract in cases where the retina is identified as a target. 3.Considers adverse findings 
in toxicological studies and how they are addressed in the development of pharmaceuticals. 
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Pathologic Features of Generalized Amyloidosis in a Cynomolgus Monkey (Macaca fascicularis) 

Meliton Novilla*1,3, Mark Cottingham2, George De Los Santos1, E Bruce Bernacky2, Stewart Jacobson1 
1SNBL USA Ltd, Everett, WA, United States, 2SNBL USA SRC, Alice, TX, United States, 3Purdue 
University, School of Veterinary Medicine, West Lafayette IN, United States 

Introduction: A single case of amyloidosis has been diagnosed in cynomolgus monkeys from SNBL 
colony animals housed in Alice TX since 2008. A 9.2-year old, 3.0 kg male (#080903) with chronic 
diarrhea, deteriorating body condition, and poor prognosis was euthanized and necropsied on 07/15/13. 
In contrast, neighboring colonies of rhesus macaques (Macaca mulatta) and pigtailed macaques (Macaca 
nemestrina) had amyloidosis prevalence rates of 30% and 47%.  Materials and Methods: At necropsy, 
#080903 appeared cachectic, very thin with little muscle mass.  Lungs appeared wet/emphysematous, 
heart was small, and liver enlarged/pale. Liver, spleen, gastro-intestinal tract and other tissues collected 
into 10% NBF were shipped to SNBL Everett WA for histopathology assessment. Histopathology of 
amyloid-affected organs, confirmed by Congo red staining, is the diagnostic gold standard for 
amyloidosis.  Literature surveys indicate that serum amyloid A (SAA) can differentiate macaques with 
amyloidosis from those with chronic idiopathic enterocolitis. Macaques with amyloidosis have elevated 
SAA regardless of what tissue has amyloid deposition; hence, SAA analysis has been proposed as a less 
invasive, cost effective and accurate tool for diagnosis of amyloidosis.  Results:  Microscopically, 1) 
Liver- severe amyloidosis, deposits filling sinusoids compressing lining hepatocytes; 2) Spleen- severe 
lymphoid depletion, displaced by amyloid;   and, 3) amyloid deposits in stomach, duodenum, and 
cecum-  caused generalized amyloidosis resulting in cachexia and morbidity. Conclusions: First 
amyloidosis case in cynomolgus macaque. Impact: Use of SAA analyses in colony health profiling may 
support earlier diagnosis of amyloidosis in cynomolgus macaques. 
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The Route of Exposure Influences Nasal Lesion Distribution in Rats in NTP Studies 

Rodney A. Miller1, Rebecca R. Moore2, Karen Y. Cimon1, Gabrielle A. Willson1, Arun R. Pandiri3, David E. 
Malarkey3 
1Experimental Pathology Laboratories, Inc., Research Triangle Park, NC, United States, 2Integrated 
Laboratory Systems, Research Triangle Park, NC, United States, 3Cellular and Molecular Pathology 
Branch, Division of the National Toxicology Program, National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, United States 

Introduction: Nasal toxicity is observed in inhalation exposure studies, drinking water and gavage 
studies. Toxicants may act systemically or directly or both. Occurrence and distribution may provide clues 
to pathogenesis. This review focuses on lesion occurrence and distribution in a chronic inhalation study 
compared to two drinking water and three gavage studies conducted by the NTP. 

Methods: We examined 3 routine nose sections from control and high dose male and female F344N rats. 
General distribution of nasal and nasopharyngeal duct lesions was recorded and mapped as 
predominately anterior or posterior; dorsal or ventral; and unilateral or bilateral. 

Results: Lesions in the inhalation study were predominately bilateral and dorsal; frequently in anterior 
sections (98%) and less often (18%) in the most posterior sections. In the drinking water studies, lesions 
were uniformly observed in middle and posterior sections; only in olfactory epithelium; and had a dorsal 
and bilateral distribution. In the gavage studies, lesions varied in character and distribution; tended to be 
more posterior and ventral, and were predominately unilateral. Lesions in the nasopharyngeal duct 
occurred irregularly and only in the gavage studies. 

Impact Statement: Most inhalation or systemically induced nasal effects are uniform in tissue specificity 
and/or distribution, thus producing lesions in anatomically consistent manner. Nasal lesions in the gavage 
studies resembled those described for gavage-related reflux. When distribution patterns of nasal lesions 
are not uniform or consistent with known patterns of induced lesions, one must consider an alternative 
pathogenesis, e.g., gastric reflux, gavage accidents or aspiration. 
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Cytological Bone Marrow Cell Differential Counts and Morphologic Findings in Healthy 
Cynomolgus Monkeys (Macaca fascicularis) from Nonclinical Toxicology Studies  

Caitlyn Carter, Laura Cregar, Adam Aulbach 
MPI Research, Mattawan, MI, United States 

Introduction: Results from cytological bone marrow examination in nonclinical toxicology studies should 
be interpreted in the context of variability observed in concurrent control animals with consideration of 
cytologist experience and historical/published data. Reports of bone marrow cell differential counts and 
morphologic findings from healthy cynomolgus monkeys (Macaca fascicularis) are limited. Experimental 
Design: Cytological bone marrow differential cell counts from control cynomolgus monkeys were 
retrospectively analyzed. Methods: Cytological bone marrow differential counts and cellular morphologic 
findings from 140 (72 male, 68 female) healthy cynomolgus control monkeys were collected. Myeloid to 
erythroid (M:E) ratios and percent of total cells for each cell type were determined from the differential cell 
count data. Results: M:E ratios ranged from 0.6:1 to 2.3:1. Percentages of total granulocytic cells, total 
erythroid cells, and lymphocytes ranged from 25.1% to 60.5%, 25.6% to 49.2%, and 1.7% to 37.2%, 
respectively. Monocytes, plasma cells, mast cells and mitotic figures were typically <1% of the total 
differential cell count. Notable morphologic findings included occasional giant metamyelocytes and band 
neutrophils, metarubricyte nuclear lobulation/blebbing, and emperipolesis. Conclusion: These results 
provide insight into the expected cytological bone marrow findings in control cynomolgus monkeys. 
Impact Statement: Data reported here provide perspective on the background variability of cytological 
bone marrow examination in cynomolgus monkeys encountered in nonclinical toxicology studies. 
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Tetrabromobisphenol A Induces Cell Proliferation, Leptin Expression, and Leptin Receptor 
Phosphorylation in Human Uterine Leiomyoma Cells 

Lysandra Castro1, Alicia Moore1, Linda Yu1, Xiaohua Gao2, Darlene Dixon1 
1Molecular Pathogenesis Group, National Toxicology Program Laboratory (NTPL), National Toxicology 
Program (NTP), National Institute of Environmental Health Sciences (NIEHS), Research Triangle Park, 
NC, United States, 2DS Technologies, Incorporated, Morrisville, NC, United States 

Introduction: Obesity and estrogen are major risk factors for uterine leiomyomas (fibroids) in 
premenopausal women. Recently, it has been suggested that chemical perturbation of molecular 
signaling pathways involved in obesity may be important in the pathogenesis of obesity-related diseases, 
such as fibroids. Experimental Design: The purpose of the study was to assess the effects of 
tetrabromobisphenol A (TBBPA), a reported endocrine disruptor and proposed “obesogen” on cell 
proliferation and regulation of leptin, and its receptor in immortalized human uterine leiomyoma (ht-UtLM) 
cells. The cells were treated with 0, 10 -6 , 10 -3 and 1 μM of TBBPA for 24, 48 and 72 h, and then 
evaluated for TBBPA effects. Methods: Cell proliferation was assessed using an MTS assay, and protein 
expression was analyzed using Western blotting and immunofluorescence. Results: TBBPA significantly 
increased cell proliferation in ht-UtLM cells at all time points and concentrations compared to controls. 
Leptin protein expression was also increased at all time points, but at different concentrations. Total 
leptin-receptor protein expression did not change; however, there was an increase in phosphorylated 
leptin receptor expression following TBBPA treatment. Conclusion: TBBPA induced fibroid cell growth, 
increased leptin expression, and enhanced activation of the leptin receptor in vitro in ht-UtLM cells at 
environmentally relevant concentrations. Impact Statement: TBBPA promotes the expression of leptin, 
enhances leptin receptor activation, and induces fibroid cell growth in vitro. These findings may implicate 
TBBPA as an environmental risk factor for obesity and women with uterine fibroids. 
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A 21st Century Roadmap for Human Health Risk Assessment 

Douglas C. Wolf1, Alan Boobis2, Timothy Pastoor3, Michelle Embry4 
1Syngenta Crop Protection, LLC, Greensboro, NC, US, 2Imperial College London, London, UK, 3Pastoor 
Science Communications, LLC, Greensboro, NC, US, 4ILSI Health and Environmental Sciences Unit, 
Washington, DC, US 

The ILSI Health and Environmental Sciences Institute (HESI) Risk Assessment in the 21st Century 
(RISK21; www.RISK21.org) project was initiated to develop a scientific, transparent, and efficient 
approach to the evolving world of human health risk assessment. RISK21 developed a framework that 
reconsiders the way chemical risk assessment information is obtained and used. It is a problem 
formulation-based, exposure driven, tiered data acquisition approach that allows an informed decision on 
human health safety to be made when sufficient evidence is available and maximizes the ability to inform 
decisions and optimize resource usage. Two case studies were developed to illustrate these principles. 
The first example identified testing needs for a new active ingredient in a well understood class of 
pesticides to be used in mosquito netting for malaria prevention, and illustrated how existing information 
from other pesticides in the same chemical class and knowledge of use patterns inform data needs and 
decision making. A second example of a number of chemicals which might be present in drinking water 
were prioritized and evaluated to determine which are of highest potential concern for human health risk 
assessment. Both case studies identified key issues and possible approaches to address cumulative risk 
and established the utility of the RISK21 framework in assessing the value of available information and 
making decisions about what, if any, additional information is needed to inform a decision. 
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