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P01: Postnatal Ozone Exposure Disrupts Alveolar Development, Exaggerates 
Mucoinflammatory Responses, and Suppresses Bacterial Clearance in 
Developing Scnn1b-Tg+ Mice Lungs 

Ishita Choudhary, Thao Vo, Kshitiz Paudel, Radha Yadav, Yun Mao, Sonika Patial, Yogesh Saini 
Louisiana State University, Baton Rouge, LA, USA 

Abstract 

Introduction: The effect of ozone exposure on the respiratory tract undergoing active lung development 
and simultaneously experiencing mucoinflammatory lung diseases such as cystic fibrosis (CF) remains 
unclear. Experimental Design: To address these questions, we exposed Scnn1b-Tg+ mice, a mouse model 
of CF-like lung disease, and littermate wild-type (WT) mice to ozone from postnatal day (PND) 3-20 and 
examined the lung phenotypes at PND21. Methods: Total cell counts, differential cell counts, 
microbiological analysis, histopathological analysis, and gene expression analyses were performed. 
Results: As compared to filtered air (FA)-exposed WT mice, the ozone-exposed WT mice exhibited 
marked alveolar space enlargement, significant eosinophilic infiltration, type-2 inflammation, and 
mucous cell metaplasia. Ozone-exposed Scnn1b-Tg+ mice also exhibited significantly increased alveolar 
space enlargement, exaggerated granulocytic infiltration, type-2 inflammation, and a greater degree of 
mucoobstruction. The alveolar space enlargement in ozone-exposed WT and ozone-exposed Scnn1b-Tg+ 
mice was accompanied by elevated levels of MMP12 protein in macrophages and Mmp12 mRNA in the 
lung homogenates. Finally, while bacterial burden was largely resolved by PND21 in FA-exposed Scnn1b-
Tg+ mice, ozone-exposed Scnn1b-Tg+ mice exhibited compromised bacterial clearance which was also 
associated with increased levels of IL-10 and marked mucoobstruction. Conclusion: Our data show that 
ozone exposure results in alveolar space remodeling during active phases of lung development and 
markedly exaggerates the developmental history of an ongoing mucoinflammatory pediatric lung 
disease. Impact Statement: This study proposes that ozone pollution may hamper normal lung 
development in the human pediatric population with or without mucoinflammatory disease. 
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P02: Characterization of the Coxiella burnetii Whole Cell Vaccine Reactogenic 
Response 

Alycia P. Fratzke1, Anthony E. Gregory2, Erin J. Van Schaik3, James E. Samuel3 
1Texas A&M University, College Station, TX, USA. 2University of California, Irvine, Irvine, CA, USA. 3Texas 
A&M Health Science Center, Bryan, TX, USA 

Abstract 

Coxiella burnetii is the causative agent of Q fever. The only approved vaccine for humans, Q-Vax, is not 
licensed in the United States due to the high rate of local and systemic reactions in previously sensitized 
individuals. A greater understanding of the immunological mechanisms responsible for these reactions is 
needed to produce safe and effective vaccines. To examine this, we developed a mouse model of C. 
burnetii whole cell vaccine (WCV; Q-Vax derivative) hypersensitivity for evaluation of the immune cell 
composition of reactogenic lesions. C57Bl/6J, BALBc, and SKH1 mice were sensitized to C. burnetii by 
intratracheal inoculation of virulent C. burnetii NMI or subcutaneous injection of formalin-inactivated 
WCV and rested for 6 weeks, then elicited by subcutaneous injection of WCV. Vaccine sites were 
monitored for 14 days then collected for histopathology, immunohistochemistry, and flow cytometry. 
Acute hypersensitivity reactions were elicited in infection- and vaccine-sensitized C57Bl/6 and SKH1, but 
not BALBc mice or unsensitized controls. Immunohistochemistry of vaccine sites showed diffuse 
infiltration of T cells and flow cytometry of immune cells extracted from vaccine sites revealed increased 
numbers of CD4+ and CD8+ T cells expressing IFNγ. Finally, depletion of CD4+ but not CD8+ T cells prior 
to elicitation prevented hyper-reactive lesion formation. These results show that local C. burnetii WCV 
reactogenicity is a Th1-mediated hypersensitivity reaction. Understanding the mechanisms behind 
vaccine reactogenicity provide information essential for the development safe and effective novel 
vaccines. 
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P03: Myeloid-Cell-Specific Ablation of Anti-Inflammatory RNA Binding Protein, 
Tristetraprolin (TTP) Increases the Susceptibility of Female Mice to 
Experimentally Induced Lung Inflammation and Fibrosis 

Richa Lamichhane, Thao Vo, Dhruthi Singamsetty, Ishita Choudhary, Yogesh Saini, Sonika Patial 
Louisiana State University, Baton Rouge, LA, USA 

Abstract 

Idiopathic lung fibrosis, a condition with likely genetic and environmental etiology, is more prevalent 
and have poor prognosis in human males.Consistently, male mice are also more susceptible to 
experimental lung fibrosis. However, the underlying mechanisms for these gender/sex-associated 
differences remain unknown. TTP, an RNA binding protein, is an endogenous “off switch” of 
inflammation that functions by decreasing the mRNA stability of inflammatory mediators. Here, we 
tested the hypothesis that TTP levels in myeloid cells determine the sex-specific susceptibility to 
idiopathic lung fibrosis. Adult C57BL/6 wild-type (WT), TTP myeloid cell-specific knockout (TTPmyeKO; 
LysMCre/Cre/TTPflox/flox, and flox-only control (TTPFLX; LysMWT/WT/TTPflox/flox) mice were oropharyngeally 
exposed to bleomycin (4 Units/Kg body weight). Lung injury, inflammation, and fibrosis was assessed at 
days 14, 21, and 28 post-exposure. As expected, compared to WT male mice, WT female mice 
manifested significantly decreased cellular infiltration and lung-injury at day 14. Interestingly, female 
myeloid cells expressed significantly higher levels of TTP compared to male mice. Cross-sex bone 
marrow transplantation experiments revealed that male hematopoietic stem cells increased the 
susceptibility of female mice to bleomycin-induced lung inflammation.Finally, in contrast to TTPFLX mice, 
TTPmyeKO male and female mice exhibited an exaggerated response to bleomycin.These findings suggest 
that myeloid-TTP expression exhibits sex-specificity and that myeloid-TTP is a critical factor that 
determines the sex-specific susceptibility of mice to fibrotic interstitial lung disease. Our findings 
emphasize the importance of myeloid cells and their genetic repertoire as a contributor to gender/sex-
specific differences in the susceptibility to idiopathic pulmonary fibrosis. 
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P04: Profibrotic Effects of Bisphenol A and Its Analogues in a 3D Human Uterine 
Fibroid Model through TGF-beta Signaling 

Jingli Liu1, Linda Yu1, Lysandra Castro1, Yitang Yan1, Natasha P. Clayton2, Pierre Bushel3, Erica Scappini4, 
Darlene Dixon1 
1Molecular Pathogenesis Group, Mechanistic Toxicology Branch, DNTP, NIEHS, NIH, Durham, NC, USA. 
2Cellular & Molecular Pathology Branch, NIEHS, NIH, Durham, NC, USA. 3Biostatistics & Computational 
Biology Branch, DIR, NIEHS, NIH, Durham, NC, USA. 4Signal Transduction Laboratory, DIR, NIEHS, NIH, 
Durham, NC, USA 

Abstract 

Introduction: A three-dimensional (3D) in vitro human uterine leiomyoma (fibroid; ht-UtLM) model was 
developed to study the profibrotic effects of environmental estrogens, bisphenol A (BPA) and its 
analogues (BPS, BPAF). BPA can induce fibrosis in the liver, lung, heart, and uterus of rodents. In women, 
uterine fibroids are highly prevalent estrogen-responsive tumors that often have excessive fibrosis. 
Therefore, we assessed the profibrotic effects of environmental estrogens and defined a molecular 
mechanism of fibrosis in a 3D human fibroid model.  Experimental Design: 3D ht-UtLM spheroids were 
exposed to BPA, BPS or BPAF (10-6-200 μM) and assessed for proliferation by cell counting kit 8 
(n=8/group; 24h-72h), fibrosis by histology (n=48/group; 7d), expression of fibrosis and extracellular 
matrix (ECM) genes by RT2 PCR Profiler arrays (n=98/group; 24h), and TGF-beta pathway activation using 
phospho-protein arrays (n=196/group; 3h) followed by Ingenuity Pathway Analysis (IPA). Long-term in 
vivo uterine effects of BPAF were assessed in rats from an NTP perinatal study.  Results: BPA, BPS, and 
BPAF all promoted ECM deposition and increased cell proliferation in 3D ht-UtLM spheroids. Gene 
expression data and IPA predicted activation of the TGF-beta/Smad pathway and this was confirmed by 
phosphorylation of TGFBR1, Smad2/3, and Smad4 in protein arrays. Long-term, BPAF exposure in rats 
also induced uterine fibrosis in vivo.  Conclusions: A 3D ht-UtLM culture system is an effective model for 
studying chemically induced uterine fibrosis. BPA, BPS and BPAF can promote fibrosis through TGF-beta 
signaling.  Impact Statement: Environmental estrogens can potentiate fibrosis and may impact the 
health of women with uterine fibroids. 
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P05: Role of the C-terminus and Nuclear Localization Sequence of Parathyroid 
Hormone-Related Protein (PTHrP) in Pancreatic Islet Morphology and Glucose 
Homeostasis 

Ibiagbani M. Max-Harry1,2, Shouan Zhu1, Ramiro E. Toribio3, Craig S. Nunemaker1,2, Thomas J. Rosol1,2 
1Department of Biomedical Sciences, Heritage College of Osteopathic Medicine, Ohio University, Athens, 
OH, USA. 2Molecular Cellular Biology Program, Ohio University, Athens, OH, USA. 3Department of 
Veterinary Clinical Sciences, Ohio State University, Columbus, OH, USA 

Abstract 

Parathyroid Hormone-related protein (PTHrP) is an important polyhormone with multiple functions in 
development and cell regulation. PTHrP is expressed by numerous cell types including pancreatic beta 
cells and chondrocytes. Previous studies focus on the ability of N-terminal PTHrP to stimulate 
proliferation in cartilage and islet beta cells. We have developed a knock-in mouse model lacking the C-
terminus and nuclear localization sequence, retaining N-terminal PTHrP. These mice die at ~day 5, are 
stunted in growth (weigh 54% less than control mice), have chondrodystrophy, hypoinsulinemia, 
hypoglycemia (~40-60mg/dL), and lack body fat. Percentage stomach weight measurements in relation 
to body weight were consistent among all mouse genotypes indicating that inanition was not the cause 
of death. To characterize the pancreatic islets in these mice, islets (~10-20) were isolated from 2-5-day-
old-mice using collagenase digestion and a glucose-stimulated intracellular calcium assay was conducted 
at 0, 4, 8, 12, 16 and 20mM glucose. Results showed higher intracellular calcium response (135.8 ± 
0.9nM) in knock-in islets compared to control islets (85.2± 43.90nM) at 0mM glucose and a similar trend 
in 20mM glucose stimulation (768.3 ± 120.4nM and 422.3 ± 131.7nM for knock-in and control mice, 
respectively). Insulin immunohistochemistry revealed less well-developed pancreatic islets in transgenic 
mice compared to the wild-type mice. Histology of growth plates of mouse limbs showed that the 
hypertrophic zone was decreased in knock-in mice compared to wild-type mice. This study revealed that 
the C-terminus and nuclear localization sequence of PTHrP are crucial to life, including regulation of 
glucose homeostasis, energy and fat metabolism, and chondrocyte growth.  

 



 
 
 

8 
 

P06: Background Pathology in the Assessment of KrasLSL-G12D; Trp53LSL-R172H; Pdx-
1 Cre (KPC) Mice, a Model of Pancreatic Ductal Adenocarcinoma 

Stephanie L. Myers, Peter Espenshade, Cory Brayton 
Johns Hopkins University, Baltimore, MD, USA 

Abstract 

Introduction: KrasLSL-G12D/+; Trp53LSL-R172H/+; Pdx-1 Cre (KPC) mice are a well-established genetically 
engineered model of pancreatic ductal adenocarcinoma (PDAC) with known survival times and well-
described pancreatic cancer pathology. However, lesions outside of the pancreas in these mice are not 
well characterized. These ‘off target’ background lesions can affect life span and data interpretation. 
Herein, we report preliminary pathology findings of KPC mice on a C57BL/6 background. 

Experimental design/methods: Fourteen KPC mice (8 females, 6 males) fully congenic on C57BL/6 
background were assessed at humane clinical endpoints. After euthanasia, gross examination was 
performed, and more than 30 tissues fixed in 10% neutral buffered formalin, processed, embedded, 
sectioned, and stained with hematoxylin and eosin. All slides were analyzed via light microscopy. 

Results: Gross findings included proliferative epithelial lesions affecting the head and perineum. 9/14 
mice developed single to multiple craniofacial squamous papillomas. 6/8 female mice developed 
perineal lesions that progressed to squamous cell carcinomas. Microscopic lesions included thyroid 
follicular carcinomas with vascular invasion and microscopic lung metastases in 4/14 mice. Other 
microscopic findings include gallbladder mucosal hyperplasia, gastric mucosal hyperplasia with variable 
dysplasia, and splenic white pulp hyperplasia.  

Conclusion: KPC mice on a C57BL/6 background exhibit clinically and pathologically significant gross and 
microscopic lesions, including sex-associated lesions, that may confound tumor studies and alter survival 
times. We suspect these changes arise secondary to non-specific Pdx-1 Cre recombinase. 

Impact statement: Pathologic changes beyond the target tissues impact the lifespan as well as the 
interpretation of preclinical research findings in this model. 
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P07: Ectromelia Virus C15 Protein Facilitates Pathogenesis In Vivo by 
Antagonizing Innate and Adaptive Immune Responses 

Elise Peauroi1, Katherine S. Forsyth1, Laurence C. Eisenlohr2,1 
1University of Pennsylvania, Philadelphia, PA, USA. 2Children's Hospital of Philadelphia, Philadelphia, PA, 
USA 

Abstract 

Introduction: Ectromelia virus (ECTV) is amongst the most notorious of laboratory animal pathogens, 
and its virulence relies upon extensive evasion of murine immune responses. ECTV C15 is an 
immunomodulatory protein previously identified to antagonize CD4 T cell responses, but this work 
identifies a novel innate immune-inhibitory function of this protein that strongly impacts virulence in 
vivo. 

Experimental Design: Pathogenesis of wildtype and C15-deficient ECTV were compared in vivo in 
C57Bl/6 mice and in various immune-deficient mice, via genetic ablation or antibody-mediated 
depletion, and in vitro using murine-derived cells. 

Methods: Viral titer and immune infiltrates were analyzed by focus forming assay, flow cytometry, 
immunohistochemistry and immunofluorescence on tissues directly ex vivo. Flow cytometry was also 
used to analyze the functionality of cells directly ex vivo and of NK cells incubated in vitro with infected 
target cells. 

Results: C15 significantly impacts viral replication in vivo by 3 days post-infection, in a manner 
dependent upon NK cells and CD8 T cells. Analysis of immune infiltrates by flow cytometry ex vivo 
supports that C15 inhibits these populations, and investigation of NK cell function ex vivo and in vitro 
demonstrates that C15 selectively antagonizes NK cell degranulation but not antiviral cytokine 
production. 

Conclusions: C15 antagonizes NK cell-mediated cytolysis early after infection, greatly facilitating viral 
replication in vivo, in addition to its previously identified impacts on CD4 T cell activation. 

Impact Statement: This work identifies a multifunctional viral immune modulator that contributes 
significantly to ectromelia virus pathogenesis by inhibiting both arms of the murine immune response. 
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P08: Development of a Novel AI-Based Algorithm for Abnormality Detection in 
the Seminiferous Tubules of Rats 

Caitlin E. Brown1, Jogile Kuklyte2, Daniel Sammon2, Dan Rudmann3 
1Purdue University, West Lafayette, IN, USA. 2Deciphex, Dublin, Ireland. 3Charles River Laboratories, Inc., 
Ashland, OH, USA 

Abstract 

Introduction/Objectives: The Centers of Disease Control and Prevention reports that abnormal male 
reproductive function contributes significantly to overall human infertility. Xenobiotics are an important 
potential cause of reproductive toxicity and since initial clinical studies for test agents are often done in 
young male volunteers, testes evaluation in the rodent is especially important.  

Hypothesis: A deep learning artificial intelligence (AI) algorithm will detect common seminiferous tubule 
lesions in rat testes with high sensitivity and specificity, providing decision support for the pathologist 
and increasing diagnostic quality and efficiency.  

Methods: Whole slide images (WSI) containing testes from control and rats administered test item were 
scanned at 40x magnification on a Leica AT2 whole slide scanner and uploaded to the Deciphex 
Patholytix Preclinical Study Browser. Testes annotations were performed at 10x magnification for 
normal and three abnormal classes (degeneration, degeneration/atrophy, and atrophy) using INHAND 
criteria. A convolutional neural network (CNN) model was developed to create AI generated masks and 
qualified at the pixel level using confusion matrices and F1 scores.  

Results: The CNN model identified normal testicular structures, including seminiferous tubules and 
interstitium with approximately 90% accuracy. The model accurately identified abnormal tissue classes, 
including degeneration, degeneration/atrophy, and atrophy, with 80%, 83%, and 74% accuracy, 
respectively. All class F1 scores exceeded the minimal acceptable performance level of 0.70.  

Conclusion: A novel CNN detects common seminiferous tubule lesions in rats.  

Impact Statement: This work highlights the potential for a CNN to provide the toxicologic pathologist 
decision support during microscopic testes evaluation. 
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P09: Nanocopper-Induced Immunopathology in Wistar Rats 

Neeraj Singh Mewari, Ramswaroop Singh Chauhan 
College of Veterinary and Animal Sciences, Pantnagar, Uttarakhand, India 

Abstract 

Introduction: Nanocopper have been used in various industrial processes and as additives in cattle and 
poultry feeds. The excessive application of nanocopper increases exposure to man and animals. 
Experimental Design: For this study, a total of 35 Wistar rats of both the sexes were randomly divided 
into two groups viz. group 1 control (20) and group 2 (15) which were additionally given nanocopper 
mixed in distilled water at NOAEL dose (100 mg/kg bw/day) daily for 90 days. Immunopathological 
studies were carried out at 0, 30th, 60th and 90th DPT. Methods: Blood samples were collected for 
haematology and serum biochemistry. Splenic lymphocytes were collected in PBS for blastogenesis 
assay. DNFB induced DTH reaction was observed in rats by measuring skin thickness at 0, 12, 24, 48 and 
72 hours post-challenge. NBT reduction assay was performed for macrophage functions. 
Results: Leucopenia, lymphopenia, hypoproteinemia and hypogammaglobulinemia were recorded in 
nanocopper treated rats as compared to controls. DTH reaction and macrophage functions were down 
regulated in nanocopper treated rats. Mean HI and ELISA titers were decreased in nanocopper treated 
rats as compared to controls. The values of mean delta optical density of Con-A, PHA-M and LPS 
stimulated splenic lymphocyte cultures were found to be altered in nanocopper treated rats. 
Conclusion: The present study can be concluded that the nanocopper in NOAEL dose is downregulating 
the immunity of rats. Impact Statement: Further studies can be planned in animal models using varied 
doses and increased duration to record more precise immunopathological alterations. 
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P10: Development of a Deep Learning Method for Abnormality Detection in the 
Rat Stomach 

Sam Neal1, Jogile Kuklyte2, Daniel Sammon2, Dan Rudmann1 
1Charles River Laboratories, Ashland, OH, USA. 2Deciphex, Dublin, Ireland 

Abstract 

Stomach evaluation plays an integral role in xenobiotic safety assessment, especially for agents 
administered orally. Stomach lesions in the rat are relatively common in nonclinical studies and effect 
glandular and non-glandular portions. We hypothesized that a deep learning artificial intelligence (AI) 
algorithm could be developed to detect common stomach lesions with high sensitivity and specificity, 
providing decision support for the pathologist and increasing diagnostic quality and efficiency.  Whole 
slide images (WSI) containing glandular and non-glandular portions of stomachs from control rats and 
rats orally administered test items were scanned at 40x magnification on a Leica AT2 scanner and 
uploaded to the Deciphex Patholytix Preclinical Study Browser. Stomach annotations were performed at 
10x magnification for 10 classes defined using INHAND criteria. A convolutional neural network (CNN) 
model was developed to create AI generated masks and qualified at the pixel level using confusion 
matrices and F1 scores. The algorithm correctly identified 96% of annotated normal tissue and 96% of 
annotated lesions. The final classifier performed well for 9/10 classes, with most class F1 scores greatly 
exceeding the acceptable performance level set at 0.70. The algorithm successfully discriminated 
between normal tissue and a wide range of lesion classes and has the potential to provide decision 
support that increases diagnostic quality and efficiency. 
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P11: Characterization of Resistance to PRMT5 Inhibitor Therapy in Mantle Cell 
Lymphoma 

Mackenzie E. Long1,2, Shirsha Koirala2, Shelby Sloan2, Fiona Brown2, Kara Corps1, JoBeth Helmig-Mason2, 
Stacey Beck2, Ji-Hyun Chung2, Peggy Scherle3, Kris Vaddi3, Bradley Blaser2, Lapo Alinari2, Robert Baiocchi2 
1The Ohio State University Department of Veterinary Biosciences, Columbus, OH, USA. 2Department of 
Internal Medicine, The Ohio State University Wexner Medical Center, Columbus, OH, USA. 3Prelude 
Therapeutics, Wilmington, DE, USA 

Abstract 

Introduction: Mantle cell lymphoma (MCL) is an incurable B-cell Non-Hodgkin’s lymphoma. Most MCL 
patients eventually relapse and those with refractory disease or who relapse on targeted therapies have 
a particularly poor prognosis. Protein arginine methyltransferase 5 (PRMT5), an enzyme that drives 
symmetric dimethylation of histone arginine residues, is over-expressed in MCL. PRMT5 epigenetically 
silences tumor suppressor gene expression and supports multiple oncogenic drivers. PRMT5 has 
emerged as a therapeutic target for patients with MCL. Experimental Design: In collaboration with 
Prelude Therapeutics we developed a small molecule PRMT5 inhibitor (PRT-382) that exhibits significant 
anti-MCL activity in cell lines (low nM range) and in vivo preclinical MCL murine models (10 mg/kg). 
While the anti-tumor activity of PRMT5 inhibition is encouraging, we have observed animals develop 
drug resistance leading to rapid progression of MCL. Multiple MCL cell lines show primary resistance to 
PRMT5 inhibition based on high IC50 of PRT-382. Prolonged culture of PRT-382 sensitive MCL lines with 
drug escalation produced acquired drug resistance that persists after prolonged culture (30d) in the 
absence of drug. Methods/Results: Utilizing next generation sequencing technologies (scRNA-seq, RNA-
seq, WES), we are characterizing the epigenetic and genetic alterations that contribute to PRT-382 
resistant phenotypes. Preliminary data shows differential expression of thousands of genes in resistant 
clones associated with regulation of immunity, cell cycle, and spliceosomal pathways. Impact 
statement: We hypothesize that identifying and targeting compensatory prosurvival pathways amplified 
with PRMT5 inhibitor resistance will lead to the development of rational therapeutic strategies for 
patients with relapsed-refractory MCL. 
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P12: Normal, Procedural and Processing-Related, and Spontaneous Microscopic 
Findings in the Trigeminal Nerve Ganglion of Dogs, Rats, and Mice 

Karen Carlton1, Diana Otis2, Balasubramanian Manickam2, Ingrid D. Pardo3 
1Department of Pathobiology, University of Guelph, Guelph, Ontario, Canada. 2Pfizer Inc., Global 
Pathology, Groton, CT, USA. 3Biogen, Cambridge, MA, USA 

Abstract 

The trigeminal ganglion (cranial nerve V ganglion) is an important tissue of interest in preclinical toxicity 
studies, when there is suspected toxicity to the sensorimotor or autonomic peripheral nervous systems 
(PNS). Recent papers have thoroughly described dissection techniques for removal of this ganglion and 
nerves, but to date there have been no formal manuscripts characterizing the spontaneous background 
findings in laboratory animals. This study characterizes normal structures, procedural-related artifacts, 
and spontaneous background findings in the trigeminal ganglia, collected in naïve rodents (20 CD1 mice 
and 20 Wistar rats, 6-8 weeks old) and dogs (20 Beagle dogs, 8 months to 6.5 years old).   

Prominent hillocks are the most common normal structures in rodents and dogs. Dark neurons, 
neurokeratin, and intraneuronal vacuoles are common procedural-related artifacts in all three 
species.  Spontaneous background lesions are uncommon in rats and mice, but focal to multifocal 
mononuclear cell infiltrates and focal areas of satellite glial cell hyperplasia are common in dogs. 

As the Society of Toxicologic Pathology (2018) “best practice paper of the PNS” recommends that the 
trigeminal ganglia be examined microscopically if sensorimotor or autonomic peripheral nervous toxicity 
is suspected, familiarity with these common background findings is essential for a proficient 
neuropathology analysis. 

 



 
 
 

15 
 

P13: Effects of Autolysis on Postmortem Evaluation of Bone Marrow 

Yue (Polly) X. Chen1, Annie Zimmerman2,3, Larissa Kipa2,3, Molly Liepnieks3 
1Michigan State University, College of Veterinary Medicine, East Lansing, MI, USA. 2Michigan State 
University, Veterinary Diagnostic Laboratory, Lansing, MI, USA. 3Charles River Laboratories, Mattawan, 
MI, USA 

Abstract 

Introduction: Delays in sample collection, such as unknown time of discovery following early death, are 
known to affect cellular morphology and hematopoietic cell populations in human medicine but are not 
well-characterized in veterinary medicine. This study aims to identify degrees and time points of 
autolysis to which bone marrow evaluation is no longer reliable. Experimental Design: Bone marrow 
samples from the humerus and femur are collected from 36, clinically healthy, colony Sprague Dawley 
rats (3 males, 3 females per group) and sampled at 0, 30, 60, 120, 180, and 240 minutes post- 
euthanasia at room temperature. Histologic samples were taken from the left humerus and femur, 
decalcified in HCl, 10% formalin-fixed, paraffin-embedded, and stained for hematoxylin and eosin (H&E). 
Methods: Each sample was evaluated by the ability to delineate hematopoietic cell lineages, and 
examined for changes to cell morphology such as pyknosis, karyorrhexis, swelling, shrinkage, and 
vacuolation. Results: With increased delay in bone marrow sampling, there was an increase in 
megakaryocyte nuclear condensation/pyknosis and megakaryocyte shrinkage. All other criteria were 
unremarkable. Conclusion: Autolysis can histologically affect megakaryocyte nuclear morphology as 
early as one hour post-mortem but does not significantly confound overall bone marrow evaluation up 
to four hours post-mortem in this study. Impact Statement: Assessment of bone marrow should be 
examined carefully to mitigate confounding effects of autolysis. This study demonstrates the overall 
resilience of bone marrow architecture with variable times of autolysis and the extent for salvaging bone 
marrow histologic evaluations from unexpected deaths of unknown time. 
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P14: Sniffing out the Truth: Anatomical, Physiological and Pathological 
Fundamentals of the Olfactory Tract 

Lea-Adriana Keller, Sophia Niedermeier, Andreas Popp 
AbbVie, Ludwigshafen am Rhein, Rheinland-Pfalz, Germany 

Abstract 

One challenging aspects in drug development in neuroscience is to achieve efficacious drug-exposure 
levels in the brain, as the blood-brain-barrier (BBB) exists to protect the central nervous system (CNS) 
from potentially harmful substances. Nasal drug delivery is a potential way to solve this problem. 
Besides its non-invasive character, it offers a pathway to bypass the BBB and thereby a possibility of 
more targeted dosing to reduce systemic side effects. The mechanisms of transporting molecules from 
the olfactory epithelium (OE) to the CNS, as well as the influence of physiologic and pathologic 
conditions on transport and distribution, are not yet fully understood. To reveal the underlying transport 
mechanisms via olfactory tract (OT), we established a set of biomarkers using immunohistochemistry, to 
visualize different morphological substructures and specific pathways that molecules take from the nose 
to the respective target in the brain. Other biomarkers to visualize the pathologic status of the OT were 
established, to characterize the mucus composition. Further, an intranasal single-dose Trimethyl-tin-
(TMT)-model was established, showing neurodegeneration and alterations within the olfactory signal 
pathway, from the OE, over the olfactory bulbs to target regions in the CNS. The intranasal TMT study 
showed, that intranasally administered TMT results in comparable clinical observations and pathological 
findings as systemic TMT-administration-models. Hence, intranasal TMT-treatment offers an olfactory- 
and neuronal-lesion-model for nasal delivery in respect to nose-to-brain delivery. Elucidation of 
olfactory- and trigeminal-associated pathways in the transport of molecules from nose-to-brain are 
important fundamental prerequisites for therapeutic approaches. 
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P15: In Utero Ultrafine Particulate Matter Exposure Leads to Enhanced Murine 
Neonatal Respiratory Syncytial Virus Infection Severity 

Carmen Lau, Jonathan Behlen, Alexandra Myers, Drew Pendleton, Ross Shore, Toriq Mustapha, Dennis 
Garcia-Rhodes, Navada Harvey, Jeremiah Secrest, Yixin Li, Renyi Zhang, Gus Wright, Aline Rodrigues 
Hoffmann, Natalie Johnson 
Texas A&M University, College Station, TX, USA 

Abstract 

Introduction: In utero exposure to particulate matter (PM) air pollution frequently elicits increased rates 
of lower respiratory tract infections (LRTIs) in infants. The mechanisms of prenatal PM-enhanced disease 
pathogenesis, particularly ultrafine particles (UFP, ≤ 0.1 μm), are relatively unexplored in 
immunologically immature populations.  Experimental design: We exposed time-mated C57BL/6 mice 
to an average size of 50 nm representative urban PM at a low dose (LD) (~100 μg/m3), high dose 
(HD)(~500 μg/m3), or filtered air (FA) for 6-h daily from gestational day 0-18. At 5 days old, offspring 
were challenged with culture media (sham control) or a chimeric strain, rA2-19F, of respiratory syncytial 
virus (RSV). At 3 days post infection (dpi), offspring were examined for viral load. At 9 dpi, offspring were 
examined for pulmonary inflammation and T cell profiles. Results: RSV successfully incited inflammation 
in our model with quantifiable infectivity. Female weight disparities drove significant differences in 
weight gain post-infection, particularly in the LD-RSV and FA-RSV groups. Histology scores and viral load 
demonstrate a dose-response effect, although not statistically significant. T cell profiling data revealed a 
surprising thresholding effect in the LD-RSV group showing a skewed Th2/Th1 ratio as compared to the 
HD and FA groups. Conclusion: In utero UFP exposure appears to alter the pulmonary immune response, 
enhancing neonatal RSV infection severity during early infancy. Impact statement: Based on the 
immense impact of RSV on infant morbidity and mortality, even a subtle increase in susceptibility from 
air pollution may significantly impact public health, thus strategies to protect this vulnerable population 
are warranted. 
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P16: Developing a Deep Learning Convolutional Neural Network Method to 
Detect Nonhuman Primate Skin Lesions 

Lauren Prince1, Jogile Kuklyte2, Daniel Sammon2, Christiane V. Löhr3, Daniel Rudmann1 
1Charles River Laboratories, Ashland, OH, USA. 2Deciphex, Dublin, Ireland. 3Oregon State University, 
Corvallis, OR, USA 

Abstract 

The nonhuman primate (NHP) is an important animal model in assessing skin injury after local 
administration of a xenobiotic. Histologic scoring methods have historically been used in the evaluation 
of skin in both standard repeat dose toxicology studies and specialized models evaluating reactions like 
delayed type hypersensitivity (DTH). These scoring methods are qualitative, subjective, and prone to 
inter- and intra-study variability. We hypothesized that a deep learning method using a convolutional 
neural network (CNN) would facilitate NHP skin lesion detection and scoring for the toxicologic 
pathologist. A CNN was trained to identify normal structures and four classes of lesions in NHP skin: 
epidermal hyperkeratosis/hyperplasia, epidermal erosion/ulceration, dermal/subcutaneous 
inflammation/infiltrate, and panniculus/muscle myodegeneration/necrosis. Skin biopsies from NHPs 
were sectioned, stained with hematoxylin and eosin, digitally scanned at 20x magnification, and 
uploaded into a cloud server. Training annotations were completed based on a strict ground truth 
established by two trained scientists. Model performance was first assessed by comparing model masks 
with the original training annotations (verification step) using both visual confirmation and confusion 
matrix calculations. When the CNN performed at a F value of at least 0.7, additional qualification was 
completed using new samples from the original study (testing set) and other samples from studies not 
used for training. In both cases, the performance of the algorithm was compared to annotations made 
by pathologists not involved in model development. Qualification data suggest that the CNN model will 
be an effective decision support tool for the pathologist. 
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P17: Mechanisms of Ovarian Endocrine Disruption at Single-Cell Resolution in 
the Medaka Fish Model 

Jennifer M. Cossaboon1, Bruce W. Draper2, Yulong Liu2, Swee J. Teh1 
1Department of Anatomy, Physiology & Cell Biology, School of Veterinary Medicine, Davis, CA, USA. 
2Department of Molecular and Cellular Biology, College of Biological Sciences, University of California 
Davis, Davis, CA, USA 

Abstract 

Endocrine disrupting chemicals (EDCs) are exogenous chemicals that interfere with endogenous 
hormone synthesis and are implicated in increasing infertility, reproductive disorders, and cancers. 
Despite decades of research, many complex EDC interactions with hormonal signaling cascades still 
escape current detection systems. This demands more sensitive in vivo models and high-throughput 
analytical tools to predict adverse cellular effects from chemical exposures. The Japanese medaka 
(Oryzias latipes) fish model has a century-long use in genetics research and strong potential to meet this 
demand. Estrogenic exposures delay oocyte maturation and reduce egg production. However, specific 
mechanisms by which heterogeneous cell populations of the ovary respond remain unclear. This study 
will characterize the transcriptomic landscape across individual cells to identify plausible mechanisms by 
which EDCs disrupt cellular niches during ovarian development. Medaka larvae (n=100/treatment) will 
be exposed during ovarian differentiation (hatch-30 days) to exogenous 17ß-estradiol, one of two 
perfluoroalkyl substances (PFAS) with controversial estrogenic activity and links to reproductive cancers, 
or control solutions. At 60 days, ovaries will be pooled (n=50/treatment) and analyzed by single-cell 
mRNA sequencing (scRNA-seq). Differential expression analyses will identify specific ovarian cell types 
and gene regulatory networks altered by developmental exposures. Estrogen- and PFAS-responsive gene 
target expression will be validated on remaining ovaries (n=50/treatment) using RT-qPCR, histology, and 
molecular pathology tools. This study pairs the medaka model with cutting-edge single-cell 
transcriptomics to investigate an efficient and comprehensive predictive screening pipeline for suspect 
EDCs. Comprehensive identification of estrogen and PFAS-inducible genes may reveal novel biomarkers 
of reproductive disease and hormone-responsive cancer risk. 
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P18: Molecular Markers of Autophagy for Application in Mouse, Rat, and 
Human FFPE Tissues 

Mathieu Marella1, Kristel Buyens2, Jing Ying Ma1, Olulanu Aina3, David La3, Sameh A. Youssef2, Vinicius 
Carreira1 
1Janssen, San Diego, CA, USA. 2Janssen, Beerse, Belgium. 3Janssen, Spring House, PA, USA 

Abstract 

Introduction: Autophagy is a lysosomal degradation pathway with implications in health and disease. 
Visualization of autophagy in tissue can inform on potential mechanisms of toxicity therefor, it is 
important to screen robust IHC tissue markers. Methods: Mouse (CT26), rat (NRK52E), and human 
(HELA) cells treated or untreated with 50µm chloroquine (a lysosomal inhibitor used as positive control) 
for 24 hours were processed to FFPE cell pellets as experimental controls for autophagy. Molecular 
markers explored by immunohistochemistry included LC3 (polyclonal #PM036 MBL), LC3B ([D11] #3868S 
CST; [E5Q2K] #83506S CST) and P62 ([2C11] WH0008878M1 Sigma; polyclonal ab155686 Abcam, 
[E7M1A] #16177 CST; [D6M5X] #23214 CST). IHC was performed on autostainers and assessed on a 
bright-field microscope. Results: LC3B IHC pattern at baseline consisted of faint punctate cytoplasmic 
labeling that increased with chloroquine treatment, while P62 presented as moderate to strong diffuse 
cytoplasmic baseline labeling that decreased and switched to a punctate pattern with chloroquine 
treatment. The response varied depending on the clones. Patterns were generally reproduced with 
desirable signal-noise across species for LC3B with the [D11] and [E5Q2K] clones, but specific staining 
was not observed for the mouse. For P62, the clone [E7M1A] reproduced the expected pattern in all 
species, clone [2C11] generated staining only in human HELA cells, and the clone [D6M5X] did not 
generate specific staining. The LC3 marker reproduced the autophagy hallmark staining pattern only in 
human HELA cells. Conclusions: LC3B and P62 IHC may be used as a comparative tissue-section based 
markers of autophagy across species-mouse, rat and human. 
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P19: Moringa oleifera Extract Extenuates Echis ocellatus Venom-Induced 
Toxicities, Histopathological Impairments and Inflammation via Enhancement of 
Nrf2 Expression in Rats 

Akindele Adeyi1, Olubisi Esther Adeyi2 
1University of Ibadan, Ibadan, Oyo, Nigeria. 2Federal University of Agriculture, Abeokuta, Ogun, Nigeria 

Abstract 

Echis ocellatus envenoming is known to be responsible for more snakebite fatalities than all other 
African snake species combined. Studies have established that Moringa oleifera possesses attenuating 
effects against systemic toxicities caused by snake venoms. However, investigations on its effectiveness 
against envenoming of E. ocellatus in vivo has not been established. Thirty male rats were grouped into 
six groups (n=5). Group 1 served as Normal control, groups 2 to 6 were envenomed with a single 
intraperitoneal injection of 0.22 mg/kg (LD50) of E. ocellatus venom. Group 2 was untreated while group 
3 to 6 were treated post-envenoming with 0.2 mL of polyvalent antivenom, 200, 400 and 600 mg/kg of 
M. oleifera ethanol extract respectively. M. oleifera extract significantly (p<0.05) normalized the altered 
haematological indices and blood electrolytes profiles. Extract attenuated venom-induced cellular 
dysfunctions, with a significant increase in nuclear factor erythroid-2-related factor 2, and concomitant 
downregulation of increased antioxidant enzymes (SOD and CAT) activities in serum and heart of 
envenomed treated rats. M. oleifera extract normalized the elevated tumour necrosis factor-α and 
interleukin-1β in serum and heart tissues of treated rats. Further, IgG titre value was significantly (p<0.5) 
higher in envenomed untreated group compared to treated groups. Hemorrhagic, hemolytic and 
coagulant activities of the venom were strongly inhibited by the extract in a dose-dependent manner. 
Lesions noticed on tissues of vital organs of untreated rats were abolished by M. oleifera extract. Our 
findings substantiate the effectiveness of M. oleifera as antivenom agent against E. ocellatus 
envenoming.  
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P20: International Harmonization of Nomenclature and Diagnostic Criteria 
(INHAND): Nonproliferative and Proliferative Lesions of the Minipig 
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Abstract 

Introduction: The INHAND Project (www.toxpath.org/inhand.asp) is a joint initiative of the Societies of 
Toxicologic Pathology from Europe (ESTP), Great Britain (BSTP), Japan (JSTP) and North America (STP) to 
develop an internationally accepted nomenclature for proliferative and nonproliferative lesions in 
laboratory animals. The aim of this publication is to provide a standardized nomenclature for classifying 
microscopic lesions observed in most tissues and organs from the minipig used in nonclinical studies. 

Material & Methods: Fifteen members of the non-rodent working group for the INHAND terminology in 
the minipig were selected from BSTP, ESTP, JSTP and STP. In total, the work encompassed a total of 92 
teleconferences over seven years, where each term for each organ system was discussed systematically. 
Terms used for the rodent INHAND nomenclature were reviewed and deemed applicable or not 
applicable. Additionally, pig specific terms were added as needed. Images were collected and trimming 
procedures were discussed. Chapters for the manuscript were prepared and reviewed extensively by the 
members of the working group. A final review as well as a cross species review were made by the 
members of the STP, JSTP, BSTP and ESTP before submission. Sources of material included 
histopathology databases from government, academia, and industrial laboratories throughout the world 
as well as published literature. The different breeds of minipigs (Sus scrofa) used in the field of 
nonclinical safety assessment include the Göttingen, Hanford, Yucatan, Wuzhishan and Sinclair minipig. 
The nomenclature, observations, and comments included in this paper cover all commonly used breeds 
of minipigs in a nonclinical setting, but most data were derived from the Göttingen minipig. 

Results: Content of the publication includes spontaneous lesions as well as lesions induced by exposure 
to test articles. Relevant infectious and parasitic lesions are also included as well as porcine specific 
background changes.  
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Conclusion: The article was published in the journal, Toxicologic Pathology, in January 2021 (doi: 
10.1177/0192623320975373). It is publicly available at toxpath.org and additional material 
at goRENI:global open Registry Nomenclature Information System (www.goreni.org). 

Impact statement: A widely accepted and utilized international harmonization of nomenclature for 
lesions in laboratory animals will provide a common language among regulatory and scientific research 
organizations. 

 

http://www.goreni.org/
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P21: Cardiac Rhabdomyoma in Two Göttingen Minipigs 

Laine E. Feller1, Aaron Sargeant2, Bethany Balmer3, Keith Nelson3, Jennifer Lamoureux3 
1Cornell University College of Veterinary Medicine, Ithaca, NY, USA. 2Charles River Laboratories, 
Spencerville, OH, USA. 3Charles River Laboratories, Mattawan, MI, USA 

Abstract 

Göttingen minipigs are increasingly used as an alternative large animal model in nonclinical toxicology 
studies. Neoplastic lesions in Göttingen minipigs are rarely reported in the literature, which may be due 
in part to their relatively short history as a toxicologic model. Here we report two cases of an incidental 
neoplastic finding of cardiac rhabdomyoma in Göttingen minipigs. One of these lesions was grossly 
noted at necropsy, characterized as a single, firm, red, raised nodule on a left ventricular papillary 
muscle with additional intramural masses in the ventricular wall. Microscopically, multifocal masses 
were well-circumscribed, expansile nodules composed of streams of large, highly vacuolated, ovoid to 
polygonal cells with variable cytoplasmic processes radiating from a centrally located nucleus. Special 
staining was carried out to further characterize the polygonal cells.  Cardiac rhabdomyomas have been 
reported in meat-hybrid swine, with a breed predisposition in red-wattle breeds. Except for guinea pigs, 
reports of cardiac rhabdomyomas in laboratory species used in toxicologic studies are extremely sparse. 
There was no evidence of cardiac insufficiency or other data to suggest the tumors were clinically 
meaningful in the present cases. To our knowledge, this is the first report of spontaneous cardiac 
rhabdomyoma occurring in Göttingen minipigs.  



 
 
 

25 
 

P22: Repeated Inhalation of N-methylformamide Induces Multi-Organ Toxicity 
in F344 Rats 

Mi Ju Lee, Eun-Sang Cho 
Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency, 
Daejeon, Republic of Korea 

Abstract 

Introduction/Objectives: N-methylformamide (NMF) is a widely used chemical in the manufacturing 
industry including storage batteries and agrochemical products, and its usage is continuously increasing. 
Because toxicity information except hepatic injury have not been reported until now, this study aimed 
to examine the inhalation toxicity in F344 rats, following a 2-week repeated exposure.  

Experimental design/Materials and Methods: The male and female F344 rats were exposed to 0, 30, 
100, and 300 ppm of NMF for two weeks via whole-body chamber. Clinical sign, food consumption, body 
weight, hematology, serum chemistry, necropsy, organ weight, histopathology were examined.  

Results: Two females exposed to 300 ppm died during exposure period. NMF-related changes in food 
consumption, body weight, hematology and serum chemistry were observed in rats exposed to NMF. In 
histopathology, hypertrophy and pigmentation in the liver, tubular basophilia, tubular dilation, tubular 
vacuolation in the kidney, atrophy, hemorrhage, mononuclear cell infiltration, squamous metaplasia and 
erosion/ulcer in the nasal cavity, acinar cell hypertrophy in the submandibular glands were observed in 
rats exposed to NMF. Body weight-related changes were also noted in clinical sign, hematology, organ 
weight, necropsy and histopathology.  

Conclusion: NMF inhalation induced histopathological changes in the liver, kidney, nasal cavity and 
submandibular glands in F344 rats.  

Impact Statement: Our study is the first to demonstrate morphological alteration in the kidney, nasal 
cavity and submandibular glands. These results could contribute to produce toxicity profile of NMF for 
humans and to control occupational environment related to NMF. 
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P23: National Toxicology Program Individual Animal Histopathology Data 
Harmonization and Accessibility in CEBS Data Collections 

Ying Liu1, Jamie Moose1, Angel Chen1, David Burrows1, Cari Martini1, David Malarkey2, Amy Brix3, Ronald 
Herbert2, Susan Elmore2, Mark Cesta2, Jennifer Fostel2 
1ASRC Federal, Morrisville, NC, USA. 2NIEHS, Division of the National Toxicology Program (DNTP), 
Research Triangle Park, NC, USA. 3EPL, Inc., Research Triangle Park, NC, USA 

Abstract 

Introduction: The Division of the National Toxicology Program (DNTP) has been collecting and reporting 
histopathology data for technical reports and other publications since 1976. Histopathology reporting 
and data collection standards have changed and improved over the last 45-years, and over the years has 
been housed in various legacy databases with evolving terminology and data 
organization. Histopathology individual animal data (IAD) have been reviewed and transformed into one 
reporting database with uniform data structure and harmonized terminology. Methods: Each 
combination of terms for a histopathological finding (organ, locations, morphology, modifiers) were 
reviewed in context to build a DNTP histopathology glossary covering both legacy and current 
pathologies. Results: All standardized histopathology published by DNTP are publicly available in a 
glossary (https://doi.org/10.22427/NTP-DATA-002-00092-0001-0000-4), and underlying IAD through the 
Chemical Effects in Biological Systems (CEBS) NTP Data Collections. This dataset contains the original 
histopathology, standardized terminology, study details (e.g. chemical, species, strain, duration) and 
animal level information (e.g. sex, dose). The format is searchable and filterable to easily identify data of 
interest. All data are linked to the CEBS homepage and publications for full context, and an Excel 
download is available for filtered results. The histopathology IAD dataset is available at 
<https://doi.org/10.22427/NTP-DATA-022-00002-0028-000-6 >. Conclusion: All public DNTP 
histopathology IAD are available in one place with consistent terminology and uniform data structure for 
the first time. These resources are available free to the public for search and download. Impact 
Statement: CEBS Data Collections allow the public to query across the vast legacy and modern DNTP 
histopathology datasets. 

 

https://doi.org/10.22427/NTP-DATA-002-00092-0001-0000-4
https://doi.org/10.22427/NTP-DATA-022-00002-0028-000-6
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P24: High-Throughput Screening Method for Antibodies Fit for Tissue IHC 

Mathieu Marella, Sheryl Garrovillo, Joycel Nadonga, David Smith, Charley Dean, Jing Ying Ma, Vinicius 
Carreira 
Janssen Pharmaceuticals, San Diego, CA, USA 

Abstract 

Immunohistochemistry (IHC) on formalin fixed paraffin embedded (FFPE) tissue is a critical step in R&D 
therapeutic campaigns by identify cells expressing the target proteins of interest and predicting 
potential toxicities. A robust IHC assay depends on suitable primary antibodies that reliably recognize 
the target with optimal specificity and sensitivity. FFPE tissues often present over-fixed proteins with 
altered conformation, which renders repurposing of antibodies validated in non-IHC assays extremely 
uncertain. Generation of new IHC antibodies, when suitable reagents are not commercially available, 
requires screening many candidates against relevant controls. We describe here a method that allows 
the screening of FFPE IHC quality antibodies using fixed cell lines (mimicking FFPE tissues) while 
remaining as a single-cell suspension suitable for cell-based ELISA assays. This protocol enables the high 
throughput testing of many antibodies and conditions, impossible to perform in a timely manner with 
conventional controls mounted on glass slides. As proof of concept NRK52E rat cell line was used to 
compare different antibody binding abilities between this new screening method and a more traditional 
IHC staining of FFPE cell pellet controls mounted on glass slides. The comparison included assay 
specificity and sensitivity. The IHC staining intensity was evaluated with the image analysis software 
Halo (IndicaLabs), and a high degree of staining correlation was found between the classical staining and 
the ELISA-like method for each antibody tried. Our observations demonstrate that this high throughput 
method is a reliable solution to screen large sets of candidate binders applicable in IHC on FFPE tissues. 
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P25: Histology-Guided In Silico Target Expression Analysis to Support Immuno-
Oncology Therapeutic Development 

Ingrid Cornax1, Xiang Yao1, Jing Y Ma1, Rachel Goldsmith2, Vinicius Carreira1 
1Janssen, R&D, LLC, La Jolla, CA, USA. 2Janssen, R&D, LLC, Spring House, PA, USA 

Abstract 

Introduction: GPRC5D, a target for the treatment of multiple myeloma, appeared to be highly expressed 
in skin based on an analysis of the GTEx RNAseq database. Further evaluation of these data revealed 
that high GPRC5D RNA only occurred in about 16% (80/498) of skin samples. GPRC5D is reportedly 
expressed in hair follicles so samples with high levels of GPRC5D RNA might contain more hair follicles. 
Methods: To determine if the presence of hair follicles could account for high GPRC5D RNA expression 
in skin samples, we interrogated 498 skin samples curated from the public GTEx database for (a) the 
expression of three hair follicle-specific keratin genes (KRT75, KRT71, and KRT34) using its RNA-Seq data 
and (b) the presence of hair follicles in 10 H&E stained histology images of matching samples. Results: 
Like GPRC5D, RNA expression of KRT75, KRT71, and KRT34 was only detected in a small subset of skin 
samples. GPRC5D expression correlated highly with that of KRT75, KRT71, and KRT34, and skin samples 
not expressing KRT75, KRT71, and KRT34 also lacked GPRC5D expression. On histology, terminal anagen 
to mid catagen phase hair follicles were present in skin sections corresponding to high GPRC5D-
expressing skin samples but not in low expressing samples. Conclusions: GPRC5D RNA expression 
variability in skin is due to differences in number of hair follicles present in each sample. Integration of 
tissue RNA-Seq and histology data, together with knowledge of target biology and tissue architecture, 
can guide in silico mining of large RNA-seq data sets. 
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P26: Development of a Deep Learning Model for Quantification of Retinal 
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Abstract 

Outer retina atrophy (ORA) in rodents develops in response to chronic light exposure and may be a 
direct effect of test items. The process is initiated by loss of photoreceptor cells leading to decreased 
outer retina thickness. Currently, severity of ORA is determined by manual or semi-automated 
measurements of outer nuclear layer (ONL) thickness or manual counting of ONL nuclei. This analysis is 
time consuming and manual counts prone to error. The goal of this study was to develop an image 
analysis-based, automated method of RA assessment in whole slide images. A commercial artificial 
intelligence-based image analysis platform (Aiforia®) was used to train a convolutional neural network 
(CNN)-based deep learning model. 

The model was trained by one investigator; validation annotations, visual quality control of image 
analysis markups and model validity made by three validators. The multi-CNN model was trained for 
semantic segmentation of retina as parent layer. A child layer was designed as object count, with ONL 
nuclear count as the single feature. Model development was an iterative process of establishing and 
fine-tuning the ground truth (manual annotations), adding training annotations, and increasing the 
number of CNN training iterations. 

Inter-observer concordance yielded F1 scores of at least 97.8% for retina area and 92% for ONL count. 
Performance of the developed algorithm in comparison to individual validators yielded F1 scores 
between 95.1% and 95.6% for retina area and between 89% and 92.9% for ONL counts. Automation of 
ORA scoring will improve reproducibility, and provide considerable time and cost savings. 
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P27: Tissue Target Expression Profiling—Timely and Decisional Quality Data in 
the R&D of Therapeutics 
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Abstract 

Understanding therapeutic target expression at the organ to cell levels across species is essential for a 
robust target liability assessment and the success of translational therapeutic R&D. 
Immunohistochemistry and in-situ hybridization (ISH) enable anatomic spatial resolution for tissue -
target expression profiling (TEP). Robust TEP builds upon in silico and literature evidence and requires 
adequate consumables, such as high-quality tissues, positive/negative controls, and suitable reagents 
for assay development. Knowledge of target biology, such as gene/protein regulation, homology, known 
interspecies uniqueness, and existing literature makes up the foundation for TEP experiments. Next, a 
feasibility assessment step identifies and determines the availability of the required controls and 
antibody/probes that make up a list of suitable candidates for assay development. Qualification of 
controls require orthogonal evaluation of the target expression and strength of evidence (e.g., flow 
cytometry, Western blot, RNAseq, and/or PCR). Tissues can be profiled as full format and/or tissue 
arrays as they independently demonstrated assay suitability. Candidate antibodies and/or ISH probes 
are screened against qualified controls to confirm and optimize the conditions for an assay fit-for-
purpose for TEP. Qualified assays are applied on a selection of tissues tailored to the specific questions. 
Finally, structured TEP-data is generated, summarized, and integrated to communicate an overview of 
spatial distribution of the gene and/or protein, from the organs to the subcellular resolution. An 
effective workflow for TEP facilitates generation and communication of timely, decisional target 
expression data for regulatory submissions and tactical management of pharmaceutical R&D portfolios. 
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Abstract 

Introduction: The Division of the National Toxicology Program (DNTP) data are collected in various 
legacy databases with unique vocabularies that have evolved over time. Collating data from these 
sources presented challenges due to different mechanisms of data collection, and terms and metadata 
used to report the data changing over the lifetime of DNTP. Methods: The CEBS-Reporting (CEBSR) data 
warehouse integrates these legacy data into one central database to facilitate cross-study data mining. 
CEBSR contains statistically analyzed results for histopathology, clinical pathology, and other data types. 
These disparate sources were reviewed to harmonize and standardize reporting. Results: CEBSR houses 
mappings of legacy to modern terms for histopathology and uses a single set of names for clinical 
pathology. CEBSR contains summary data, results of DNTP statistical analysis, and, for histopathology, 
includes NEL (no-effect-level), LEL (lowest-effect-level), and BMD (benchmark dose) values.  To make the 
data more accessible the data are available in Chemical Effects in Biological Systems (CEBS) NTP Data 
Collections to permit filtering the data. Histopathology summary dataset is accessible at: 
http://doi.org/10.22427/NTP-DATA-022-00002-0024-000-2. Clinical pathology dataset is available: 
http://doi.org/10.22427/NTP-DATA-022-00002-0023-000-1. Conclusion: DNTP summary pathology data 
are harmonized, standardized, and integrated into CEBSR data warehouse to facilitate cross-study data 
searching. Having these data in a filterable, searchable format through CEBS NTP Data Collections 
provides the public with new ways to identify data of interest in the robust data reported by the DNTP 
testing program. Impact Statement: CEBSR data warehouse provides high-quality curated pathology and 
toxicology data to enhance data exploration and mining. 
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Abstract 

In nonclinical safety assessment, pathologists routinely evaluate brain sections for neuronal 
degeneration indicative of neurotoxicity. Conventionally, this consists of microscopic examination of 
brain sections that have been stained with hematoxylin and eosin (H&E). Additional brain sections can 
be stained with a fluorochrome such as Fluoro-Jade B (FJB), in which degenerate neuronal bodies appear 
bright green using a fluorescein filter. Neurotoxicity studies often include an expanded neuropathologic 
examination of both H&E and FJB sections which can substantially increase the time and cost. Here we 
present a deep learning-based framework applied to unstained brain sections to create virtual H&E and 
FJB images. Efficacy was assessed using a kainic acid-treated rat model of neuronal degeneration. Whole 
slide images of unstained sections were captured with a fluorescence scanning microscope using 
fluorescence filter sets, and then the sections were stained and scanned to create the ground truth 
labels. The corresponding unstained and stained fields were then accurately co-registered and different 
sections were used for training, validation, and blind testing. The deep neural network models were 
trained on a computer until convergence. Application of each model resulted in essential equivalency 
between the virtual and histochemical-stained sections. This technology offers multiple virtually stained 
images from a single unstained section, reducing the time, labor, and reagents associated with slide 
staining. Additionally, this technique allows for staining colocalization of structures and could lead to 
more frequent FJB assessments. Research is ongoing to create additional virtual histochemical and 
immunohistochemical stains of interest for expanded neuropathologic assessments. 
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Abstract 

Introduction: The aim of this study was to characterize the rat spleen lymphoid cell subpopulations by 
flow cytometry for non-clinical immunotoxicological evaluation of chemicals. Experimental Design and 
Methods: Half spleen homogenized samples from ten rats were processed for normalization count prior 
to staining for flow cytometry assessment. Lymphocyte subpopulations (CD4, CD8, B, NK) evaluation on 
FACSVerse Flow Cytometer. Results: Staining with the CD3 T-, B-, NK- cell cocktail or T Lymphocyte 
subset cocktail resulted in clear separation of the cellular sub-populations. Within-run precision was 
acceptable with CVs of 0.88 to 6.87 % for the lymphocyte subsets and 0.79 to 3.71 % for the T 
lymphocyte assay. Between-run precision was acceptable for samples stored unstained in RPMI with CVs 
of 0.62 to 18.88 % for the lymphocyte subset assay and 0.52 to 11.89 % for the T lymphocyte assay. 
Minimal carry-over was observed of both stained cells into unstained cells and all cells into PBS. 
Conclusion: Characterization of spleen lymphocyte subpopulations by the FACSVerse Flow Cytometer is 
a reliable and precise technique. Samples should be analysed on the day of collection where possible. 
However, samples can be stored in RPMI unstained for up to two days with daily replacement of RPMI, 
or unstained in Stain Buffer for up to one day, prior to staining and analysis. Storage for longer than two 
days or without replacement of the RPMI is not suitable due to the autolysis observed. Impact 
statement: Immunophenotyping of rat spleen lymphocyte subpopulations was validated on FACSVerse 
Flow Cytometer for non-clinical toxicology studies. 
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Abstract 

Introduction: Delgocitinib Ointment 0.5% is the world’s first topical Janus kinase inhibitor product and 
was approved for treatment of atopic dermatitis (AD) in Japan. Although topical corticosteroids (TCSs) 
have been the mainstay of pharmacotherapy in AD over the past decades, long-term use of TCSs causes 
skin atrophy and alteration of the epidermal tight junction (TJ) leading to epidermal barrier dysfunction. 
Experimental Design/Methods and Materials: Delgocitinib Ointment 0.5% or representative TCSs of 
different potencies were applied dermally once daily to the ear pinna of normal ICR mice for 14 days and 
ear pinna thickness, histopathology and immunohistochemistry for epidermal TJ proteins claudin-1 and -
4 were evaluated. Results: All the TCSs caused decreases in ear pinna thickness with epidermal thinning, 
sebaceous gland atrophy and atrophy/decreased number of the subcutaneous adipocytes and 
decreased immunohistochemical staining intensity for epidermal claudins. In contrast, Delgocitinib 
Ointment 0.5% did not cause any of those changes. Conclusion: Once daily topical Delgocitinib Ointment 
0.5% for 14 days did not cause the skin atrophy or decreased immunohistochemical staining of 
epidermal claudins, which are common safety concerns associated with TCSs. Impact Statement: Our 
study suggests that Delgocitinib Ointment 0.5% has an improved safety profile over currently available 
TCS therapies particular for the long-term AD treatment. 
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Abstract 

Introduction: The thrombopoietin receptor agonist romiplostim (Nplate®, RP) administered with or 
without pegfilgrastim (Neulasta®, PF), a pegylated G-CSF, conferred a significant survival benefit as a 
medical countermeasure to the hematopoietic syndrome of acute radiation syndrome (HS-ARS) in 
irradiated rhesus macaques.  Bone marrow from non-survivors was evaluated for RP-related effects.  

Experimental Design: Bone marrow (BM) smears were prepared from 29 preterminally euthanized 
animals administered vehicle (n=16), or RP alone (5 mg/kg; Day 1; n=9), or in combination with repeat 
dose PF (0.3 mg/kg; Day 1 and Day 8; n=4) 24 hours after irradiation (6.8Gy, targeting LD70/60) in a 60-day 
survival study. Animals (20/sex/group) were administered supportive care (e.g., antibiotics, analgesics, 
fluids, anti-ulcer/emetics) but no blood products.   

Methods: Microscopic evaluation of Romanowsky stained BM smears included grading of overall 
specimen cellularity and megakaryocytes (MK), morphologic or maturation abnormalities, and 
differential counts of myeloid and erythroid proliferative and maturation precursors, lymphocytes, 
plasma cells and macrophages per 300 cells counted. 

Results: Nuclear and/or cytoplasmic morphologic abnormalities in hematopoietic precursors were 
observed in non-survivors from all groups.  Romiplostim ± PF-related BM effects (increased 
cellularity/myeloid precursors/MKs) were distinguishable from vehicle in non-survivors after Day 15 
(during hematopoietic recovery), but not at earlier timepoints when BM from all non-survivors had 
markedly decreased cellularity.   

Conclusion: Romiplostim administration improves hematopoietic recovery of bone marrow in irradiated 
rhesus macaques decreasing mortality from radiation-related bacterial infection/sepsis and 
hemorrhage.   

Impact Statement: Romiplostim administration increases survival in rhesus monkeys with HS-ARS. 
Supported by NIAID/NIH: HHSN272201500013I. 
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Hye-Youn Cho 
NIEHS, Research Triangle Park, NC, USA 

Abstract 

Introduction: Hyperoxia exposure of newborn rodent has been a model for bronchopulmonary dysplasia 
(BPD) in preterm infants. BPD survivors often have persistent lung impairment and increased risks 
for respiratory syncytial virus (RSV) infection. NRF2 protects murine airways from RSV disease and BPD-
like phenotypes. The present study was designed to determine the influence of neonatal BPD-like lung 
injury on juvenile RSV susceptibility and the role for NRF2. Experimental Design/Methods: Nrf2-
deficient (Nrf2-/-) and wild-type (Nrf2+/+) mice exposed to hyperoxia (100% O2) or air during postnatal 
days 1-3 were infected with RSV at 5 wk.  Bronchoalveolar lavage and histopathologic analyses assessed 
lung injury at 1 and 5 days post-RSV. Results: Pulmonary inflammation induced by RSV infection was 
heightened by neonatal hyperoxia exposure in Nrf2-/- mice, but not in Nrf2+/+ mice (1 day). 
Hypeoxia/RSV-Nrf2-/- mice displayed more severe histopathologic lymphocyte accumulation, alveolar 
vacuolization, and fibroproliferation at 5 days post-RSV than hyperoxia/RSV-Nrf2+/+ mice. Lung RSV 
replication was significantly higher in Nrf2-/- than in Nrf2+/+, and it was augmented by neonatal hyperoxia 
in both mice. Lipid and protein oxidations were significantly greater in hyperoxia/RSV-Nrf2-/- mice than 
in hyperoxia/RSV-Nrf2+/+ mice. Serum IgE level was increased by RSV only in Nrf2-/- mice and hyperoxia 
potentiated it. Conclusion: Neonatal hyperoxia exposure-induced saccular stage lung injury increased 
RSV sensitivity later in life and Nrf2 deficiency exacerbated it. Impact Statement: Results 
indicated association of oxidative injury severity in underdeveloped lungs with persisting pulmonary 
outcome and suggested the therapeutic intervention for NRF2 agonists. - Supported by the NIEHS 
Intramural Program - 
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Abstract 

Ferrets are a commonly used model in influenza studies and may be used for safety or efficacy studies. A 
variety of methods of administration of viral challenge have been demonstrated, including intranasal, 
intratracheal, ocular, and aerosol routes. There is evidence that disease may be compartmentalized 
based on route of administration, thus necessitating a study comparing pathologic findings between 
nasal and tracheal dosing. 18 ferrets were divided into control and experimental groups treated with 
vehicle or an antiviral therapy, Oseltamivir, that were then challenged with H3N2 virus by intranasal or 
intratracheal administration. Gross and microscopic examination was performed on nasal cavity, larynx, 
trachea, and lung. There were no gross findings.  In the lung, microscopic findings included mixed 
inflammatory cell infiltrates, epithelial degeneration, and bronchial glandular hyperplasia. In the larynx 
and trachea, findings included mixed inflammatory cell infiltrates. Findings had similar incidence and 
severity in intratracheally and intranasally challenged animals not given antiviral therapy. In the nasal 
cavity, findings included epithelial degeneration and neutrophilic infiltration, with decreased severity 
only in animals challenged intratracheally that were treated with antiviral. While nasal and tracheal 
challenge had slightly different severity of findings, both routes induced histopathologic lesions in the 
upper and lower respiratory tract, with increased severity and incidence in animals not receiving 
antiviral treatment. This demonstrates that in the ferret model, either intranasal or intratracheal dosing 
can be used for viral challenge, with both responding similarly to the antiviral Oseltamivir, which may 
function as a positive control for evaluation of antiviral efficacy. 
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Abstract 

Introduction 
The interference of chemical entities with female reproductive functions in rats can be understood from 
the disturbances in estrus cycle during pre-clinical studies. This necessitates determining the phase of 
the estrus cycle accurately for the reproductive tract. Histopathological examination of vagina is one of 
the commonly used methods by toxicologic pathologists to ascribe the phases. We propose a deep 
learning based algorithm to identify the 4 phases, Proestrus, Estrus, Metestrus and Diestrus, of estrus 
cycle in whole slide images (WSI) of Hematoxylin and Eosin (H & E) stained sections of the Wistar rat 
vagina. 
 
Materials and Methods  
Training data set of 60 and test data set of 200 H & E stained WSI of Wistar rat vagina. 

• Leica SCN400 & Nanozoomer XR scanners for image acquisition. 
• Segmentation of stratum mucification, stratum corneum and stratum germinativum by training 

a variant of UNet based deep learning architecture on 3000 tiles of size 512x512. 
• The features from the layers described above are extracted to train a random forest classifier to 

identify the phases of estrus cycle. 

Results 
Through all the phase of estrus cycle, the algorithm showed sensitivity of > 90% and specificity of > 95%. 
 
Conclusions 
The proposed algorithm provides an automated, objective and accurate method for assessment of the 
phases of estrus cycle in H & E-stained sections of the Wistar rat vagina. 
 
Impact Statement 
We demonstrate an AI based method to assess phases of estrus cycle in the Wistar rat vagina that 
functions as a computer aided decision support system for toxicologic pathologists. 
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Abstract 

Introduction/objectives: Influenza A viruses (IAVs) are among the most important respiratory 
pathogens in both human and animal health. Current inactivated vaccines offer limited protection, thus 
novel vaccine development is crucial against emerging and evolving circulating strains. The 
neuraminidase (NA) glycoprotein, exhibits a broad heterologous NA-specific immunity. The purpose of 
this study was to evaluate a universal influenza virus vaccine candidate, influenza NA Virus-Like-Particle 
(VLP) platform, in a porcine model.  

Experimental Design: A total of eighteen, 6-week-old, influenza-seronegative pigs were used, and were 
divided into three groups: (1) N2 VLP vaccine with NA protein (A/Perth/16/2009/H3N2), (2) Commercial 
Swine IAV vaccine, and (3) Adjuvant only. Pigs were vaccinated in a 3-week interval and were 
intranasally challenged with A/swine/NC/KH15/2016/H3N2 4 weeks post boost.  

Methods: Serology, virus titrations, bronchoalveolar lavage fluid (BALF) cytology, gross and 
histopathology were performed for evaluating vaccine protection.  

Results: Pigs immunized with the NA VLP vaccine exhibited reduced pulmonary virus titers, decreased 
neutrophils infiltration (BALF) and had less typical swine IAV infected gross pulmonary lesions compared 
to the animals in the unvaccinated group. Lung, trachea and nasal turbinates were evaluated 
histologically, and the severity in the NA VLP group was significantly lower compared to the 
unvaccinated group.  

Conclusion: Results suggest that the NA VLP vaccine provided a comparable protection against swine 
IAV infection as the commercial vaccine.  

Impact statement: This is the first NA IAV vaccine study on the porcine model, and a promising, novel, 
vaccine candidate for conferring substantial swine IAV protection.  
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Abstract 

Recognition and understanding of background lesions are critical in determining true xenobiotic 
treatment effects. This study aimed to provide the range and incidences of spontaneous thyroid lesions 
in control Sprague-Dawley rats used in 26-week chronic general toxicity studies. The incidence of 
spontaneous lesions in thyroid glands was determined in the control Sprague-Dawley rats used in 26-
week studies at WuXi AppTec, Suzhou, China. Some studies also included animals from the recovery 
phases of 4 weeks. These studies were submitted from 2017 to 2020. Data was sourced from 24 studies 
and included 977 total animals. Among these animals, 487 (49.85%) were males and 490 (50.15%) 
females and ranged in age from 32-39 weeks. Proliferative lesions were more common.  Follicular 
hyperplasia was the most common finding in both sexes at the incidence of 13.14% in males and 3.88% 
in females. Follicular adenoma was only observed in males and occurred at the incidence of 2.05%. 
Follicular hypertrophy was also restricted to males (1.23%), whereas mineralization was only observed 
in females (1.22%). A combination of hypertrophy and hyperplasia was observed in 0.82% of both sexes. 
Rare findings in males were follicular cell carcinoma (0.21%), mononuclear cell infiltration (0.21%), 
follicular hemorrhage (0.21%), and decreased colloid (0.21%).  Among females, rare findings were 
follicular hypoplasia (0.20%), infiltration mononuclear cell (0.20%), and chronic inflammation (0.20%).   
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