
Points of Pride Research Day Poster AbstractsPoints of Pride Research Day Poster Abstracts   

October 4October 4--5, 20165, 2016  



CM-1 

Targeting the CD200 activating receptors to overcome Tumor-Derived Immunosuppression.  
Ampudia-Mesias Elisabet 1,3, Pluhar Elizabeth2,3 and Olin Michael R. 1,3 
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CD200 is a protein that suppresses the activation of immune system when engages its inhibitory receptor restricted 

to immune cells. In contrast, CD200 is wildly expressed in multiple tissues including tumors such as melanoma and 

glioblastoma multiforme. Our lab has recently reported three different and independent CD200 inhibitory effects. 

First, tumor brain cells secrete CD200 soluble that drains the cervical lymph nodes causing the immunosuppressive 

tumor microenvironment, second, CD200 is upregulated on GBM-associated vascular endothelial cells, and third 

since CD200 in expressed on tumor cells, tumor-derived vaccines are suppressing the immune system. To surmount 

the CD200 inhibitory effect, we have developed a CD200 inhibitor to target the CD200 activating receptors. Results: 

Using bioinformatics tools, we found that CD200 inhibitor acted antigen presenting cells. Pulsing purified CD11b 

cells significantly altered transcription (+/- 1.5 fold) of 198 immune related genes including IL17, NFkB and STAT 

complexes. In addition, using IPA analysis, we demonstrated that inhibitor reversed transcription changes induced 

by the CD200 protein, seemingly reconstituting an immune response. In vivo experiments demonstrated that each 

inhibitor results in a different survival benefit, an enhanced leukocyte infiltration into the site of vaccination, 

enhanced perivascular infiltration of neutrophils into the tumor and enhanced anti-tumor response resulting in 

extended survival in two murine glioma and a high-grade canine models. Conclusion: We are the first to use peptide 

inhibitors to target CD200 activation receptors. The results of the proposed research will determine the suppressive 

mechanisms of CD200, advancing our translational research toward meaningful clinical interventions.   
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Thermal stress can reduce growth, decrease meat quality, and cause mortality in poultry. Fast growing and young 

birds are particularly susceptible. In this study we sought to identify transcriptional pathways in the breast muscle of 

young turkeys of slow growing and fast growing lines that change in the response to thermal challenge. 1-day old 

poults from the fast growing F- line (selected only for 16wk body weight) and a random-bred control line (RBC2) 

were exposed for three days to one of three temperatures: control (35C), hot (39C), and cold (31C). Muscle tissues 

were then collected, RNA isolated and 28 libraries subjected to RNA sequencing (average of 18mil reads). Reads 

were mapped to the current turkey genome assembly and the read counts were analyzed for differential expression 

among treatment groups (temperature and line). As expected, the F-line responded differently to thermal stress than 

the RBC2. The F line had a greater number of differentially expressed genes (DEGs) with a higher frequency of 

DEGs being up-regulated. In general, a larger number of genes were found to respond to heat than cold in both lines, 

and were no altered pathways or gene types shared between lines under a given treatment. Preliminary results 

suggest that transcriptional regulation and ubiquitination are important in the response of young F-line poults to 

thermal challenge. RBC2 poults appear to respond to thermal challenge with changes primarily to lipid metabolism 

genes. The divergent responses are further highlighted by the increased number of DEGs between lines at both 

experimental temperatures relative to control. Quantifying the transcriptome response of turkey poults will provide 

insight into the physiological response of muscle to thermal stress and help elucidate ways to improve poultry 

response.   
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COX-2 expression in Urinary Bladder of Cattle with Urolithiasis    
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Background: Urolith-induced cystitis is a non-infectious cause of chronic irritation and inflammation of the 

urothelium in many species, including cattle. It is characterized by the infiltration of inflammatory cells, tissue 

damage and urinary bladder dysfuntion. In humans, inflammation causes over-expression of cyclooxygenase-2 

(COX-2) in the bladder tissue, which is additionally thought to be involved in inflammation-mediated cancer stem 

cell proliferation. In the largest case-control study, a 2-fold increase in bladder cancer risk was noted in patients with 

a history of bladder stones, regardless of history of urinary tract infection. The extent of inflammation and 

characteristic damage to the bladder caused by uroliths, especially in cattle, is incompletely characterized in 

pathological studies and it is not known whether bladder stones affect COX-2 expression. 

Methods: Bladder samples from 15 month-old male cattle with urocystoliths (34) and healthy controls (13) collected 

at the time of slaughter (Kazan Slaughterhouse, Turkey) were preserved in 10% formalin and analyzed for 

expression of COX-2 by IHC. Mineral composition of uroliths was determined by use of optical crystallography and 

infrared spectroscopy (Minnesota Urolith Center, USA).  

Results: COX-2 immunoreactivity was detected in the bladder epithelium in 25 of 34 (73.5%) cattle diagnosed with 

urolithiasis. When stratified by stone type, COX-2 expression was detected in 4 of 5 (80%) bladders with Silica 

uroliths, in 4 of 6 (66.6%) bladders with uric acid uroliths, and in 17 of 23 (73.9%) bladders with magnesium 

phosphate carbonate uroliths. No COX-2 expression was noted in bladders of healthy cattle without uroliths. 

Conclusions: Cystolithiasis in cattle is associated with increased expression of COX-2 in the bladder urothelium 

irrespective of stone type. These studies warrant further investigation of the potential role of COX-2 in the 

exacerbation of bladder inflammation due to uroliths in cattle and as well as inflammation-induced COX-2 in 

bladder cancer.  
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Use of biomarkers in the synovial fluid of the tibiotarsal joint to determine the severity of 

osteoarthritis in the distal intertarsal and tarsometatarsal joints of horses     
Coppelman, Elizabeth, DVM - VMED  
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Osteoarthritis (OA) is a group of diseases of different causes that ultimately lead to synovitis, subchondral bone 

remodeling, and articular cartilage degeneration. OA commonly develops in the distal intertarsal (DIT) and 

tarsometatarsal (TMT) joints of performance horses. Currently, the most accurate method of identifying OA in these 

joints is a combination of thorough physical, lameness, and radiographic examinations. However, it is not 

uncommon to have horses with significant lameness and minimal radiographic changes, leading to the potential of 

over or under treating joints, which can be potentially harmful. 

A novel way to identify and classify the degree of OA is through the measurement of direct and indirect molecular 

biomarkers in synovial fluid from the joint of interest. 

The tarsal joints that are commonly affected by OA in the equine hock are small, making arthrocentesis difficult to 

perform. However, they are in close anatomical location to the larger tibiotarsal joint, of which arthrocentesis is 

easy. The aim of this study is to determine if synovial fluid of the tibiotarsal joint could be an indicator of distal 

tarsal joint health.  

In this study, 11 horses between the ages of 8-35 years with clinical and radiographic signs of hock OA were 

included. The horses had hock radiographs taken that will be graded by a previously used schematic. Contrast 

radiology was performed to determine presence or absence of direct anatomic communication between the joints of 

interest. The tibiotarsal joints were evaluated via arthroscopic and gross examination. MRIs of the limbs were 

performed and will be graded. Synovial fluid samples were collected from each of the tibiotarsal and distal hock 

joints. Assays for indirect and direct biomarkers were performed on all of the tibiotarsal joint samples and as many 

of the distal joints as possible (pending volume of fluid collected). The direct biomarkers tested for include C2C, 

CPII, CS846, C1,2C, NO, BAP. Indirect biomarkers tested for include interleukins -1 beta, -6, -8, -10, and TNF 

alpha. Results are pending.   
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Development of a Test to Detect Hemangiosarcoma Cells in Canine Blood      
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Hemangiosarcoma is a rapidly fatal disease that can arise in any dog of any age. It is most often a disease of middle-

aged to old dogs, and it has alarmingly high tendency for certain breeds. This project aims to improve outcomes for 

hemangiosarcoma by pairing two novel technologies consisting of a patented test to detect hemangiosarcoma cells in 

blood and a treatment to attack the cells that potentially establish and maintain the disease. Currently we are working 

to validate the test to detect circulating tumor cells and to make improvements to its sensitivity and specificity. We 

have recognized three progenitor markers and two angiogenic markers known to be expressed on hemangiosarcoma 

cells that are being analyzed using multi-parameter flow cytometry. Thus far we have validated that alpha-V/beta-3 

integrin and CD146 are expressed in hemangiosarcoma cell lines, and are working to further validate progenitor 

markers in the same cell lines and in blood samples from healthy and from affected dogs. Using these combined 

technologies for early detection and chemoprophylaxis, we expect to increase the life expectancy of dogs affected by 

hemangiosarcoma.    
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A Role For Exosomes In Establishing Metastasis Of Osteosarcoma       
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Osteosarcoma (OS) is the most common primary malignant bone tumor affecting young children and adolescents. 

Interestingly, dogs will also develop OS; the disease in dogs is biologically similar to that observed in humans, 

making dogs a potential model for OS research. OS is a highly metastatic cancer that predominantly spreads to the 

lungs in both humans and dogs; however, the molecular basis behind metastasis is not well understood. Here, we 

propose a mechanism where OS cells shed biologically active extracellular vesicles, or exosomes, that are 

instrumental in establishing metastasis at distant sites. Previous genetic analysis of canine OS cell lines defined two 

distinct tumor subgroups that differ in their clinical behavior as well as their interactions with the tumor 

microenvironment. Recently, we characterized several of these cell lines by demonstrating differences in the RNA 

profiles in their secreted exosomes. The behavior of these cell lines in mouse xenografts, supports the notion that 

distinct molecular traits translate into differential rates of metastasis. Future work will focus on identifying gene 

expression profiles of exosomes found in the serum of dogs with OS and comparing these results to our cell line 

data. We have also developed a model that will allow us to visualize exosome localization within a xenograft mouse. 

These studies will offer insights for the development of future therapeutic strategies to control tumor progression and 

metastasis.  
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Invariant Nature Killer T cells ameliorate chronic graft versus host disease by expanding donor 
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Safer and more effective therapies are needed for chronic graft versus host disease (cGVHD): an autoimmune 

disorder that affects more than 50% of bone marrow transplant patients. Invariant natural killer T cells (iNKT) are a 

small subset of T cells that recognize glycolipid antigens presented by CD1d molecule and rapidly produce copious 

amounts of anti-inflammatory cytokines such as IL-4 upon activation. Therefore, iNKT cells have shown immune 

regulatory function in a variety of autoimmune diseases. Here, we have studied the role of iNKT cells in a murine 

multi-organ system cGVHD model characterized by pulmonary fibrosis as a result of immunoglobulin (Ig) 

deposition and TGF-β production. Since iNKT deficiency has been linked to multiple autoimmune disorders such as 

type 1 diabetes and rheumatoid arthritis, we examined iNKT populations in cGVHD mice. We found that cGVHD 

mice had a defective iNKT pool with reduced frequency and a pro-inflammatory phenotype. We demonstrated that 

low dose of adoptively transferred donor iNKT cells given before or after the onset of cGVHD prevented or reversed 

cGVHD as measured by pulmonary function tests, accompanied by a significant reduction of fibrotic changes in the 

lung. Infused donor iNKT cells were identified in recipients’ lung, liver and spleen. Mechanistically, iNKT cells 

suppressed the germinal center reactions that drive cGVHD pathogenesis by producing Ig. This was associated with 

an increase in highly immune suppressive donor T regulatory cells (Tregs) that localize to the germinal centers as T 

follicular regulatory cells (Tfr). Systemic administration of α-galactosylceramide (αGal-cer), a potent agonist of 

iNKT cells, was able to both prevent and reverse cGVHD. Together, this study demonstrated the key role of iNKT 

cells in regulating cGVHD pathogenesis and highlighted the potential of both iNKT cells and αGal-cer as novel 

therapies for cGVHD.   
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The association between endocrine disrupting chemicals and equine metabolic syndrome        
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McCue, Molly E.1  
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Equine Metabolic Syndrome (EMS) is characterized by abnormalities in insulin regulation, increased adiposity and 

laminitis. In a large across-breed study (610 individuals) of 11 metabolic traits, our lab demonstrated that 51-77% of 

the phenotypic variability is due to individual factors including age, breed, sex and genetics and 23-49% of the 

phenotypic variability is the result of shared environment. However, only 4-18% of the environmental variability is 

explained by diet, amount and intensity of exercise and season, suggesting that other environmental factors play a 

role in EMS development. Endocrine Disrupting Chemicals (EDCs) are associated with metabolic syndrome and 

other endocrine abnormalities in humans. Preliminary data demonstrated that horses from farms <=30 miles of EDC 

disposal sites were more likely to have had laminitis, and had higher post oral sugar challenge insulin concentrations 

(OST-INS), suggesting EDC exposure is an EMS risk factor. The objective of this study was to determine if plasma 

EDC concentration is correlated with metabolic measurements in 301 horses from 32 farms with bioassays that 

measure aryl hydrocarbon receptor (AHR) and estrogen receptor (ER) activation by EDCs. Mean (range) EDC-AHR 

and EDC-ER concentrations were 0.223 (0.02-2.47) and 279.66 (4.35-15,000) pg/ml plasma. EDCs were below the 

detection limit in approximately half of the horses. AICc statistics were used to determine the best linear 

multivariable regression model for EDC association with 9 EMS phenotypic variables (glucose, OST-glucose, INS, 

OST-INS, triglycerides, leptin, adiponectin, ACTH). Month sampled was associated with EDC-AHR (p=0.007). 

Hours grazing was associated with EDC-ER (p=0.043). EDC-AHR interaction with plasma fat extracted (p=0.060), 

and EDC-ER (p=0.050) approached significance with OST-INS. The interaction between pregnancy and EDC-AHR 

concentration was associated with leptin (p=0.046). The results suggest that some of the unexplained environmental 

variance in individuals with EMS is due to EDC exposure mediated through the AHR and ER.  
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A genome-wide association of Polysaccharide Storage Myopathy type 2         
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Polysaccharide storage myopathy (PSSM) is a muscle disease of horses characterized by the buildup of abnormal 

polysaccharide in skeletal muscle. Horses with PSSM have recurrent episodes of rhabdomyolysis, which causes 

decreased performance and is a welfare issue. Two forms are recognized, type 1 PSSM, which frequently has 

amylase resistant polysaccharide and type 2 PSSM, which usually has amylase sensitive polysaccharide. A genetic 

etiology is likely for both types, PSSM1 is caused by a mutation in the GYS1 gene, but to date no mutation has been 

identified as being causative of PSSM2. The objective of this study was to perform a genome-wide association study 

looking for genetic variants associated with PSSM2. DNA was extracted from 103 affected and 123 unaffected 

Quarter Horses (QHs) and 28 affected and 44 unaffected Thoroughbreds. All horses were genotyped on either the 

54K or 74K Illumina equine single nucleotide polymorphism (SNP) chip. Following quality control for genotyping 

>90% and minor allele frequency >99%, imputation using BEAGLE4 software was performed to approximately 1.8 

million SNP markers. A genome-wide association test was performed across 1,209,680 SNPs using Genome-wide 

Efficient Mixed Model Analysis software, to control for identity-by-descent. Ten SNPs on 8 chromosomes reached 

genome-wide significance (p=4.2x10-08) for association with the PSSM2 phenotype. Within the regions of interest 

identified there are 109 protein coding genes, 47 pseudogenes and 12 RNAs. These results suggest that there is a 

genetic association with the PSSM2 phenotype. Further work, including whole-genome sequencing of the significant 

regions is being performed to identify putative causative variants.   
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Hypoxia-induced injury of dystrophic hearts is independent of respiratory muscle injury          
Fischer, Kaleb1; Townsend, DeWayne2  
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Duchenne Muscular Dystrophy (DMD) is a degenerative disease of striated muscle caused by the lack of dystrophin, 

a cytoskeletal protein that both provides mechanical stability and serves as a signaling scaffold. DMD affects an 

estimated 1 in 5000 live-born males (Romitti et al., 2015), the majority of whom will experience and eventually 

succumb to respiratory insufficiency and heart failure.  

While both respiratory insufficiency and heart failure invariably develop in Duchenne patients, little is known about 

the contribution of respiratory insufficiency to heart failure in DMD. With advancements in respiratory therapy, 

DMD patients have increased life expectancy and heart failure is an increasingly common cause of mortality in 

DMD patients. Recent studies indicate that chronic exogenous hypoxia is sufficient to cause significant cardiac 

injury in dystrophic mice (Stelter et al., 2016).  

To examine the contribution of dysfunctional respiratory muscles to cardiac injury induced by chronic, exogenous 

hypoxia, mice with a skeletal muscle phenotype that is fully-corrected through the expression of a truncated form of 

dystrophin (Crawford et al., 2000) were exposed to exogenous hypoxia (10% O2 for 21 days). Cardiac and 

diaphragm fibrotic injury were assessed via quantification of Sirius Red staining for collagen. 

Consistent with previous findings, diaphragm fibrosis was significantly reduced in transgenic mice compared to 

dystrophic mice. Additionally, our results indicate that chronic exposure to exogenous hypoxia has no effect on 

diaphragm injury in dystrophic mice. Interestingly, a trend toward increased cardiac fibrosis was observed in 

transgenic mice exposed to chronic hypoxia when compared to normoxic controls (p = 0.080). Together these results 

suggest that chronic exposure to exogenous hypoxia induces cardiac injury in dystrophic mice via a mechanism that 

is independent of respiratory muscle injury.   



CM-11 
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Background: Allergic asthma is an inflammatory disease that is associated with airway eosinophilia, elevated Th2 

cytokines and airway hyperresponsiveness (AHR). Fatty acid-binding proteins (FABPs) are intracellular proteins 

that can affect signaling within cells and are critical mediators of inflammatory processes. Studies have indicated a 

role for FABP4 in inflammation. However, its role in the pathogenesis of allergic asthma is not well understood.  

Methods: Expression of FABP4 in bone marrow (BM)-derived murine eosinophils and its role in cell function was 

examined in vitro. Role of FABP4 in vivo was examined in a mouse model of cockroach antigen (CRA)-induced 

allergic airway inflammation.  

Results: Th2 cytokines IL-4 and IL-13 were found to induce expression of FABP4 in murine eosinophils. Adhesion 

and migration studies revealed that FABP4-deficient eosinophils adhered to mouse vascular adhesion molecule-1 

(VCAM-1) in similar numbers as wild type (WT) eosinophils but exhibited significantly less spreading/polarization 

(required for directed movement) with no distinct leading edges or filopodia. FABP4-deficient eosinophils exhibited 

altered kinetics of F-actin polymerization/depolymerization and significantly decreased migration in response to 

eotaxin-1. In vivo, allergen-challenged FABP4-deficient mice exhibited attenuated airway eosinophilia, decreased 

AHR, reduced airway mucus accumulation and airway smooth muscle mass relative to WT mice. While allergen-

induced eotaxin-1 and 2 levels were similar in the two groups, allergen-challenged FABP4-deficient mice exhibited 

significantly lower levels of IL-5, IL-13 and TNFα in the BALF compared to WT mice.  

Conclusions: Our studies suggest that FABP4 is induced by Th2 cytokines and regulates adhesive events 

(polarization on VCAM-1 and migration) important for recruitment of eosinophils during allergic airway 

inflammation.    
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Determining if genetic risk for hemangiosarcoma and lymphoma play a role in response to therapy 
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Golden retrievers are highly susceptible to both hemangiosarcoma and lymphoma suggesting that a shared heritable 

risk factor may contribute to both diseases. Genome-wide association studies led to the discovery of two 

independent, predisposing loci that together contribute to approximately 20% of the risk for developing these 

cancers. Although treatment for hemangiosarcoma using the standard of care is relatively unrewarding, a recent 

clinical trial has shown promise. Dogs treated with a biologically active dose of a bispecific ligand-targeting toxin 

consisting of epidermal growth factor and urokinase linked to a Pseudomonas exotoxin (eBAT) have nearly double 6

-month survival compared to dogs treated with the standard of care alone. Likewise for lymphoma, a targeted toxin 

has been developed, linking a Pseudomonas exotoxin to a CD22 antibody (22KDEL). This immunotoxin effectively 

kills primary lymphoma cells in vitro at therapeutically relevant concentrations. While promising, the efficacy of 

these targeted toxins is not universal. To understand the heterogeneity of response, we are testing the hypothesis that 

the risk haplotypes associated with lymphoma and hemangiosarcoma risk in golden retrievers are correlated with 

response to treatment. We have used cell lines derived from tumors of dogs that have been stratified into high risk 

and low risk phenotypes to determine if they show differential sensitivity to the targeted toxins in vitro. There was a 

1-log dose range (30-500 pM) for the half maximal effective dose of eBAT against seven hemangiosarcoma cell 

lines. However, there was no relationship between sensitivity to eBAT and the germline configuration of the risk 

loci. Similar experiments using primary lymphoma cells from golden retrievers and 22KDEL are in progress.    
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Hepatitis C virus (HCV) establishes chronic infection by preventing host antiviral responses from inducing apoptosis 

of infected cells through mechanisms that are not completely understood. We identified a molecular mechanism 

through which the HCV non-structural protein 5A (NS5A) manipulates host mRNA decay to promote growth and 

prevent death of infected cells. Binding by NS5A to GU-rich sequences in viral RNA is required for viral 

replication. These HCV GU-rich sequences are similar to GU-rich elements (GREs), regulatory sequences found in 

the 3’ untranslated regions (3’UTR) of host transcripts. GREs function as mediators of rapid mRNA decay and are 

found in numerous transcripts that encode regulators of cell growth and apoptosis. We hypothesized that NS5A 

binds to host GRE-containing transcripts and manipulates host gene expression by altering mRNA decay.  

We performed mRNA decay assays followed by RNA sequencing on human hepatoma cells (Huh) and the same 

cells expressing a HCV subgenomic replicon (Huh-HCV) and identified host transcripts whose decay rates changed 

upon HCV infection. We also performed RNA immunoprecipitation followed by RNA sequencing and identified 

960 out of 25017 host transcripts as NS5A target transcripts. Among them, 701 are related to cancer, 294 are related 

to cell growth and proliferation, and 290 are related to cell death and survival. Furthermore, we discovered that 

GREs were enriched in the 3’UTRs of NS5A targets, and GRE-containing NS5A targets were stabilized in Huh-

HCV cells compared to control Huh cells. Since numerous GRE-containing transcripts encode proto-oncogenes and 

other proteins involved in regulating cell growth or apoptosis, HCV-induced stabilization of these transcripts could 

prevent death and promote growth of virus-infected cells, allowing the virus to bypass antiviral responses and 

establish a chronic infection. Over time, chronically infected cells that fail to die due to this viral manipulation of 

apoptosis pathways could eventually lead to the development of hepatocellular carcinoma.     
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A retrospective population-based study was conducted to estimate the prevalence and to analyze the spatial pattern 

of canine calcium oxalate (CaOx) urolithiasis in the US. Records of CaOx urolith submissions to the Minnesota 

Urolith Center between January 1, 2012 to December 31, 2012 were analyzed with US canine population data. The 

crude prevalence was adjusted by applying an Empirical Bayes smoothing. The spatial clustering of the prevalence 

of CaOx urolithiasis was assessed using global spatial autocorrelation techniques. Additionally, spatial cluster 

detection was performed using local spatial autocorrelation methods. The prevalence of CaOx urolithiasis across all 

states was 2.6 cases per 10,000 dogs The highest prevalence was in New Hampshire (5.3 cases per 10,000 dogs) and 

the lowest in New Mexico (1 case per 10,000 dog). Global clustering indicated that CaOx urolithiasis formed 

clusters in the study area (Global Moran’s I = 0.38, p-value < 0.001). The local clustering technique indicated that 

the clusters of high prevalence (hot spots) were detected in Minnesota, Wisconsin, Iowa, South Dakota, and 

Nebraska. The clusters of low prevalence (cold spots) were detected in Texas, New Mexico, Arizona, California and 

Nevada. The inequality of prevalence confirms geographic variation in the risk of CaOx urolithiasis across the 

country. The cluster of neighboring states in the Midwest with high prevalence suggests that this cluster may share 

common environmental risk factors. These findings indicate that risk assessment of canine CaOx urolithiasis should 

be analyzed considering the geographic clusters to account for geographic variation in disease prevalence.  
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Tumor xenograft models create unique opportunities to assess interactions between the malignant tumor cells and 

their microenvironment. Here, we injected nine canine hemangiosarcoma (HSA) cell lines and four HSA “dog 

patient”-derived tumors into immunodeficient mice; seven non-HSA tissues were used as controls. Material derived 

from two tumors reliably generated HSA xenografts. Intriguingly, the tumors contained only few canine xenograft 

cells, with the bulk of the vasoformative neoplastic masses comprised by disorganized, murine cell-derived blood 

vessels. In addition, material from both of these tumors and from an additional one induced exuberant expansion of 

hematopoietic progenitors and gave rise to an autonomous, serially transplantable mouse leukemia. Transmissible 

etiologic agents were not identified in the canine tumors, although the leukemic cells contained transcriptionally 

active sequences from endogenous Murine Leukemia Virus. Moreover, canine HSA cell lines supported full 

hematopoietic development of human CD34+ progenitors. Together, the data suggest that cells derived from canine 

HSA create a niche for expansion of vascular and hematopoietic elements that contributes to development of 

hemangiosarcoma and leukemia.  
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Hemangiosarcomas in dogs and angiosarcomas in humans (together called (hem)angiosarcoma) are highly lethal 

tumors for which there is no cure. While the former is common and the latter rare, the shared pathological features 

and clinical behaviors of these sarcomas appear virtually indistinct. Studies by our group suggest these tumors rely 

on signaling through β-adrenergic receptors (β-ARs) to modify expression of downstream metabolic regulators 

peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC1α) and uncoupling protein-1 (UCP-1), 

to efficiently use glycolysis and fatty acid oxidation (FAO) for tumorigenesis. We hypothesized that inhibition of 

this signaling process by β-AR antagonists may restrict metabolic adaptability, resulting in decreased tumor cell 

viability. Using commercial qRT-PCR arrays, we found that the β-AR antagonist, propranolol, reduced the 

expression of the glycolytic regulatory enzymes hexokinase, phosphofructokinase, and pyruvate kinase in (hem)

angiosarcoma cell lines by -18, -1.1, and -8.6 fold, respectively. To further study the effects of propranolol on 

glycolysis, we quantified glucose uptake by using a fluorescent glucose analogue 2-NBDG. Propranolol treatment 

reduced 2-NBDG uptake by ~13%. Propranolol treatment also reduced the expression of PGC-1α, a master regulator 

of glycolysis and gluconeogenesis, suggesting a mechanism for these responses. Quantification of mitochondrial 

membrane potential using a TMRE assay showed that propranolol increased mitochondrial coupling. This may be 

due to a loss of UCP-1 expression, which was reduced in propranolol treated cells. Propranolol also reduced tumor 

cell viability and sensitized cells to chemotherapy treatment. Our results indicate that (hem)angiosarcoma cells are 

metabolically plastic, and propranolol may limit this plasticity, leading to tumor cell death. Findings suggest that β-

AR antagonists may be clinically useful by providing much needed improvements in treatment outcomes for both 

species.  
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The inability of HIV- and SIV-specific CTL to fully suppress virus replication may be due to a deficiency of CTL in 

B-cell follicles. The majority of HIV and SIV replication is concentrated within B-cell follicles in secondary 

lymphoid tissues during chronic disease; whereas HIV- and SIV-specific CTL typically fail to accumulate in large 

numbers within B-cell follicles. Further, large regions of follicles are often completely devoid of virus-specific CTL. 

It is not known whether virus specific-CTLs can migrate throughout the entire B cell follicle area including germinal 

centers (GC). It is also not known that whether virus specific-CTLs within B cell follicles are functional. We 

evaluated these questions using in situ tetramer and immunohistochemical staining in lymphoid tissues from 

chronically SIV infected rhesus macaques. We found that SIV-specific CTLs were able to migrate into GC at similar 

levels detected in other follicular areas. We further found that many follicular SIV-specific CTL expressed 

programmed death-1 (PD-1), indicating that they may have been exhausted or recently stimulated by antigen. In 

addition, we found that some follicular SIV-specific CTL were in direct contact with Foxp3+ T regulatory cells 

(Tregs) that can inhibit T cell function, and a small subset were themselves Foxp3+. However, many follicular SIV-

specific CTL expressed low to medium levels of perforin, consistent with being effector memory CD8+ T cells 

(TEM), and some were activated and proliferating. More importantly, we found an increase in follicular SIV-

producing cells after CD8 depletion suggesting that follicular CD8+ T cells have a suppressive effect on follicular 

SIV replication. Taken together, these results strongly suggest that during chronic SIV infection, despite a milieu of 

inhibitory factors, subsets of follicular SIV-specific CTL are functional and suppress viral replication. These 

findings support HIV cure strategies that augment follicular virus-specific CTL to enhance viral control.  
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Exosomes are membrane-bound nanovesicles (30-100 nm) released from various cell types that can be taken up by 

other cells thus mediating intercellular communication. Exosomes can contain a wide variety of materials, including 

miRNA, mRNA, and proteins, that are specific to the cells from which they were released. Recently, we have 

determined that microglia infected with Theiler’s murine encephalomyelitis virus (TMEV) secrete exosomes. TMEV 

infection of susceptible mice leads to the persistent infection of microglia in the central nervous system (CNS). The 

persistent infection contributes to the development of a chronic progressive demyelinating disease associated with an 

inflammatory immune response in the CNS, similar to multiple sclerosis in humans. We have previously shown that 

TMEV infection of microglia activates an innate immune response with expression of type I interferons (IFNa and 

IFNb), cytokines, chemokines, and effector molecules associated with the inflammatory response in the CNS. Thus, 

we wanted to determine whether exosomes secreted by virus-infected microglia have an effect on bystander resident 

CNS cells, including uninfected microglia, astrocytes, and neurons. Our results showed that exosomes secreted from 

virus- infected microglia activated the innate immune response in bystander uninfected microglia, astrocytes, and 

neurons by increasing the expression of type I interferons and inflammatory cytokines. The exosomes secreted from 

TMEV-infected microglia contain viral RNA that could be transferred to bystander uninfected CNS cells. The viral 

RNA was sensed by innate immune receptors in the recipient cells and activated an innate immune response in the 

uninfected bystander cells. Most interestingly, exosomes secreted from microglia in the brain of TMEV- infected 

mice could activate an inflammatory immune response in the brain of uninfected mice, including activation of 

microglia, astrocytes, and neurons. These results show that exosomes secreted by TMEV-infected microglia can 

activate the immune response in bystander uninfected CNS cells which may contribute to the inflammatory response 

associated with persistent virus infection and demyelinating disease. Overall, exosomes secreted by activated 

microglia may have a direct effect on bystander CNS resident cells during neurological diseases.  
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Osteosarcoma (OSA) is a devastating cancer with high morbidity and mortality. The dog has a comparable 

presentation, making it an excellent model for translational research. Preliminary data on oncolytic vesicular 

stomatitis virus (VSV) suggests its safety and efficacy. In this clinical trial, we will characterize the anti-tumor 

immune response induced by VSV in dogs with spontaneous OSA, and correlate it with clinical endpoints. We 

hypothesize that viral replication will lead to tumor cell lysis, initiating an adaptive immune response, and that VSV 

plus standard of care will result in improved outcomes compared to those expected with standard of care alone. Dogs 

with appendicular OSA (n=20) will be administered intravenous VSV with standard of care (amputation and 

chemotherapy) in the neoadjuvant setting. We will characterize the local and systemic immune response to therapy. 

Viremia, virus shedding, neutralizing antibodies, and cytokine levels will be measured after treatment. The local 

immune response will be characterized with histopathology, IHC, and RNAseq. The adaptive immune response will 

be determined by analysis of peripheral blood mononuclear cell (PBMC) effector functions and proliferation upon in 

vitro stimulation with autologous cancer cells. Massive parallel sequencing of PCR for antigen receptor 

rearrangement products will evaluate clonal expansion and attrition after treatment. The immune response will be 

correlated with clinical parameters to uncover biomarkers associated with survival in response to therapy. To date, 

three dogs have been enrolled and received VSV treatment. Preliminary data show biological activity and no adverse 

events have been documented. We have seen an acute inflammatory response, manifested by a mild self-limiting 

fever. Virus has been detected in PBMCs at one hour post-infusion, suggesting systemic distribution. Finally, at the 

time of limb amputation 10 days post-treatment, the tumor gross appearance has been atypical, suggesting that VSV 

treatment is inducing inflammation and secondary necrosis.  
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There is an urgent need to develop an effective HIV vaccine. We previously showed that during chronic HIV-1 and 

SIV infections, HIV and SIV replication is concentrated within B cell follicles, whereas HIV and SIV-specific CTL 

are largely excluded from these sites; this suggests that the inability of HIV and SIV-specific CTL to fully suppress 

virus replication may be due to their deficiency in B-cell follicles. We hypothesize that a successful HIV vaccine 

will either prevent the seeding of B cell follicles or induce high levels of virus-specific CTL in B cell follicles. Here 

we investigated whether control associated with three CTL inducing SIV vaccines was associated with levels of SIV

-specific CTL in follicular (F) and extrafollicular (EF) compartments in lymph nodes of vaccinated animals after 

challenge with pathogenic SIV relative to a cohort of non-vaccinated chronically infected animals using in situ 

tetramer staining with MHC class I tetramers combined with immunohistochemistry. Control was defined a set point 

plasma viral load of ≤104. We found lower levels of tetramer+ cells in F compared to EF areas of unvaccinated 

animals (P<0.0001), but not in vaccinated animals (P=0.13). Although similar levels of tetramer+ cells were detected 

in F areas between vaccinated and unvaccinated animals (P=0.62), the vaccinated animals had significantly higher F: 

EF ratios of tetramer+ cells (P=0.028). Also, there was a significant inverse correlation between F: EF ratio of 

tetramer+ cells and plasma VL in vaccinated (P=0.0046) but not in unvaccinated animals (P=0.94). These results 

support developing CTL-based HIV vaccines that augment relative levels of virus-specific CTL within B-cell 

follicles. 
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Biofilms constitute a protected mode of bacterial growth, and bacteria within biofilms exhibit significantly enhanced 

tolerance to antibiotics compared to planktonic bacteria. Methicillin resistant Staphylococcus aureus (MRSA) 

biofilms exhibit tolerance to antimicrobial, biocidal and immunological challenge. Cold atmospheric plasma (CAP) 

is a new, promising antibacterial treatment to combat antibiotic resistant bacteria. Plasma is ionized gas that has 

antibacterial properties through the generation of a mix of reactive oxygen and nitrogen species (RONS), excited 

molecules and charged particles. We hypothesized that CAP would exhibit improved bactericidal effects in MRSA 

biofilms compared to antibiotics when tested in vitro. CAP can be applied to biofilms with or without a liquid layer 

between the biofilm and the CAP plume; the presence of 0.9% saline adds a liquid phase in which the CAP products 

can react, altering the effect of CAP on biofilm compared to the gas phase only. Our results show a significant 

killing of MRSA biofilms after 6 min CAP treatment in wet conditions and 1 min for dry conditions. Though the wet 

CAP treatment takes a longer time, this therapy may have additional benefits via the production of CAP species with 

long half-lives, created in the liquid phase. A significant etching of biofilms was also observed in CAP treated 

samples as compared to control gas treated conditions. The anti-biofilm activity of CAP treatment in comparison 

with antibiotic treatment is demonstrated by live-dead stain followed by fluorescent microscopy. These results 

support further investigation of the role of CAP in murine wound models.  
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We evaluated the risk factors for calcium carbonate urolithiasis in horses. Three hundred forty-six had ≥ 70% 

CaCO3. Information about age, breed, sex, reproductive status, and geographical location, season of the year, and 

anatomic location were used to identify risk factors. Thirty-one horse breeds were identified to form CaCO3 uroliths. 

Quarter horse, Thorough bred, and Arabian horse breeds comprised 32%, 12% and 6% respectively. Mean age was 

13 years and range was 0.3 -36 years. Horses between the ages of 6 and 17 comprised 57% of animals with this 

condition. Similarly horses < 18 years and ≥ 18 years comprised 75% and 25% respectively of the animals with 

CaCO3 uroliths. Males had higher proportion of CaCO3 uroliths (72%) compared to females (28%). Similarly 

neutered horses had higher proportion of CaCO3 uroliths (60%) compared to sexually intact (40%). The proportion 

of horses with CaCO3 comprised 89% and 92% for 1981 - 1997 and, 1998 – 2014 intervals respectively compared to 

other minerals. Eighty-five per cent of CaCO3 uroliths in this study were retrieved from the lower portions of the 

urinary tract of horses compared to 15% from the upper urinary tract. Geographical location and season were 

observed to be associated with detection of CaCO3 uroliths in horses. Prototype horse with CaCO3 uroliths was a 

neutered male, 6 to 17 years of age. Surgery and necropsy comprised 43% and 19% respectively of horses with 

CaCO3 uroliths, while catheter retrieval, owner obtained, lithotripsy, and voiding comprised 38%. Results indicate 

risk for CaCO3 urolith formation, but not cause and effect relationship.  
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We evaluated the epidemiology of calcium carbonate urolithiasis in sheep residing in the USA. Changes in CaCO3 

urolith submissions to the Minnesota Urolith Center over the past 33 years were determined by comparing January 1, 

1981 to December 31, 214 and January 1, 1998 to December 31, 2014. Records of 41 CaCO3 urolith submissions 

were evaluated: 40 had ≥ 70% CaCO3 and were included in the study. Information on age, breed, sex, reproductive 

status, and geographical location, season of the detection, and anatomic location were obtained to determine 

epidemiological risk factors for CaCO3 urolith formation. Eleven breeds of sheep have CaCO3 uroliths. Intact male 

sheep comprised 68% of animals with CaCO3 uroliths. Sheep in this study were not routinely neutered. Dorset, 

Suffolk and mixed sheep breeds comprised 15%, 13% and 10% respectively of animals at risk. These 3 breeds 

comprised 56% of animals at risk for the condition and the remaining 8 breeds comprised 44%. Mean age of sheep 

was 3.4 years and range 0.8 - 11 years. The proportions of sheep with CaCO3 uroliths between the ages of 1 and 5 

years comprised 81% of animals with data available. The proportion of sheep with CaCO3 comprised 6 of 32 (19%) 

and 36 of 138 (26%) for 1981 - 1997 and, 1998 – 2014 intervals respectively compared to other minerals. Ninety-

two per cent of CaCO3 uroliths in this study were retrieved from the lower portions of the urinary tract compared to 

8% from the upper tract in sheep with data available. Surgery and necropsy comprised 67% and 33% respectively of 

sheep with CaCO3 uroliths for which the methods of retrieval were recorded in the submission form. Associations 

were also found between geographical location, and season and detection of CaCO3 uroliths in sheep. A prototype 

sheep with CaCO3 urolith was a sexually intact male, 1 to 4 years of age. Awareness of prevalence of CaCO3 

uroliths in sheep along with knowledge of risk factors may facilitate development of surveillance strategies that 

result in earlier detection of urolithiasis.  
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The lack of well characterized, established domestic porcine cell lines hinders advancement of porcine cellular 

immunology understanding in disease resistance and anti-viral immunity. Numerous cases of multicentric lymphoma 

were diagnosed in pigs at the time of slaughter. Affected organs were harvested and submitted for single cell 

isolation and analysis. Culture of disaggregated single cell suspensions in RPMI 1640 with weekly passage resulted 

in clusters of dividing cells in about 2% of attempted isolations. In one pig, cells grew in approximately 50% of 

wells. Cell lines were established by limiting dilution repeated 3 times from splenic and subiliac lymph node 

lymphomas. Initial flow cytometry analysis showed a population of CD3-, CD79a+, CD21+, CD4-, and CD8- cells 

which have grown and been maintained in culture for more than 10 months and more than 12 subcultures. To further 

characterize these rapidly proliferating cells, transcriptome analysis was carried out. This validated initial cytometric 

findings and confirmed that MIKE cells are in fact B cells. This new porcine B cell lymphoma cell line will be a 

valuable resource for more in-depth cellular investigations into the porcine immune system, as well as providing a 

potential tool for the growth of lymphotropic viruses of pigs and humans.  
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Osteosarcoma is the most common malignant bone tumor found in children and adolescents and is associated with 

many complications including metastases and intractable cancer pain. Typically, the prevalence of osteosarcoma 

shows a strong relationship with skeletal growth and thus, the main incidence peak occurs in the second decade of 

life and generally is associated with a highly defined phenotype. According to the National Cancer Institute, as many 

as 20% of patients will have radiographically detectable metastases at diagnosis and ultimately nearly 90% of 

patients have metastatic lesions, particularly in the lungs. With no known precursor to osteosarcoma, treatment 

options are extremely limited. Adjuvant chemotherapy and surgical resection are standard therapies, but treatment 

efficacy still remains poor. Although our understanding of the mechanisms underlying tumor development, tumor 

progression and metastasis is improving, the complex nature of the bone tumor microenvironment presents unique 

challenges in identifying novel drug targets and treatment strategies. Recently, a new pathway has been identified 

using the SB mutagenesis system in mice implicating axon guidance genes such as Semaphorin-4D (SEMA4D) in 

osteosarcoma. During normal bone homeostasis, osteoclasts express high levels of Sema4d, whereas osteoblasts do 

not. Instead, osteoblasts express its cognate receptor Plexin B1 (Plxnb1). Thus, it is possible that misexpression of 

SEMA4D in osteoblasts might give rise to a subset of osteosarcomas. VX15/2503 (Vaccinex, Inc.) is a highly novel, 

monoclonal antibody that specifically targets SEMA4D, a receptor and soluble protein from the semaphorin family 

known to be involved in immune modulation and regulation of normal bone formation. Here we report ongoing in 

vitro and in vivo results using VX15/2503 and data contributing to a Phase 1/2 Trial of VX15/2503 in pediatric 

patients with relapsed or refractory solid tumors.  
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Hereditary xanthinuria in people is an autosomal recessive disease caused by mutations in xanthine dehydrogenase 

(XDH) or molybdenum cofactor sulfurase (MOCOS). There are rare reports of hereditary xanthinuria in dogs, but 

genetic investigations have not previously been described. The purpose of this study was to uncover mutations 

underlying risk for canine xanthine urolithiasis by sequencing XDH and MOCOS in genomic DNA from affected 

dogs. The affected dogs included two Toy Manchester Terriers (TMT), two Cavalier King Charles Spaniels (CKCS), 

an English Cocker Spaniel (ECS), and a mixed breed dog. Three recessive causal mutations were found: 1) a splice 

site mutation in MOCOS (TMT dogs), 2) a nonsense mutation in MOCOS (CKCS and ECS dogs), and 3) a splice 

site mutation in XDH (mixed breed dog). cDNA sequencing verified aberrant splicing for the two splice site 

mutations. Mutation assays were developed to determine the allele frequencies of the mutations in populations of 

TMT and CKCS dogs without a history of xanthine urolithiasis. Of 241 TMT dogs tested, 194 were clear, 44 were 

carriers, and 3 were homozygous for the TMT mutation; the 3 homozygous TMTs were later confirmed to have 

xanthinuria. Of 108 CKCS dogs tested, 105 were clear, 3 were carriers, and none were homozygous for the CKCS 

mutation. In conclusion, diverse mutations were found to be responsible for hereditary xanthinuria in dogs, and we 

have developed genetic tests for the mutations discovered. Genetic testing can help inform breeders and identify 

dogs that may benefit from preventative therapies.  
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Hereditary xanthinuria in people is an autosomal recessive disease caused by mutations in xanthine dehydrogenase 

(XDH) or molybdenum cofactor sulfurase (MOCOS). There are rare reports of hereditary xanthinuria in cats, but 

genetic investigations have not previously been successful. The purpose of this study was to uncover mutations 

underlying risk for feline xanthine urolithiasis by sequencing XDH and MOCOS in genomic DNA from affected 

cats. The affected cats included four Domestic Shorthairs (DSH), two of which were littermates. A total of 46 

homozygous variants were found. Variants were prioritized with multiple methods. First, the variants were 

genotyped in 15 control cats, (1 Ragdoll, 1 Maine Coon, 3 Siamese, 9 DSH, and 1 Domestic Medium Hair) with no 

history of xanthine urolith formation; variants present in a homozygous state in any control were eliminated. Second, 

the 99 Lives Cat Genome variant call file was analyzed, and variants found at an allele frequency greater than 25% 

were eliminated. Finally, variant effect was predicted using SNPeff and MutationTaster. These prioritization steps 

are still underway. In conclusion, due to the genetic heterogeneity of cats, the determination of the causal variant is 

ambiguous at present but should become apparent during the planned analyses.  
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Immunological tolerance to self is critical for avoiding autoimmune pathology, but the nature and enforcement of 

such tolerance are incompletely understood. Defining these mechanisms is a prerequisite to safely and effectively 

triggering a directed autoimmune response against tumor-associated self antigens. We are studying the CD8+ T cell 

response to the melanocyte/melanoma-associated enzyme tyrosinase-related protein 2 (Trp2) in normal and Trp2-

deficient mice to clarify the characteristics of self-tolerance.  

Tolerance can be achieved by deletion of self-reactive T cells during development (central tolerance), but we find a 

relatively large number of Trp2-specific CD8+ T cells in the lymphoid tissues of both wild-type (WT) C57BL/6 and 

Trp2 knock-out (Trp2 KO) mice (mean, 1533 cells in WT mice and 1942 in Trp2 KOs). These numbers are 

comparable to those of CD8+ T cells specific for a foreign antigen (the poxvirus epitope B8R). We detected a 

slightly higher avidity for Trp-2/Kb in the CD8+ T cells from Trp2 KOs relative to their WT counterparts as 

measured by Trp2 tetramer median fluorescence intensity. No consistent differences in the expression of activation 

(CD69, CD44/CD122) or anergy markers (PD-1, LAG3, 2B4) were identified between Trp2 KO and WT Trp2-

specific CD8+ T cells.  

Despite these relatively modest differences in the Trp2-specific populations from preimmune WT and Trp2 KO 

mice, we observed marked disparities in their response to infection with recombinant Listeria monocytogenes 

expressing Trp2. Trp2 KO mice produced a substantially higher number and proportion of Trp2-specific (tetramer 

positive) CD8+ T cells at effector and memory time points, the avidity of these cells was significantly higher, and 

the response to ex vivo Trp2 stimulation (proportion secreting IFN-γ, TNF-α) was greater.  

Future studies will focus on determining the mechanisms responsible for these differences and ultimately on 

activating Trp2-specific CD8+ T cells so they behave more like their Trp2 KO counterparts in the context of 

melanoma.  
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Invariant natural killer T cells (iNKT) are CD1d restricted, lipid recognizing αβ T cells that modulate immunity 

under various contexts. iNKT are comprised of distinct effector subsets, NKT1, NKT2 and NKT17, characterized by 

different transcription factors and cytokine production. However, the developmental steps of iNKT cell effector 

differentiation in thymus and periphery have been controversial. Specifically, the markers historically used to define 

stage 1 and 2 precursors also include mature effector NKT2 and NKT17 cells. Using RNAseq, we identified CCR7+ 

iNKT as a multi-potent iNKT progenitor. We demonstrate here that CCR7+ iNKT cells, distinguished from stage 0 

iNKT by low CD24 expression, give rise to iNKT effector subsets in thymus, after migrating from thymic cortex to 

medulla. Moreover, iNKT recent thymic emigrants in the periphery, identified by intrathymic labeling, are 

predominantly CCR7+ iNKT and undergo further development into effectors after reach periphery. NKT1 and 

NKT17 are largely retained in thymus, demonstrating the parallel development of iNKT effector subsets in thymus 

and periphery. Furthermore, we identified the thymic resident NKT1 as the major producer of IFN-γ in thymus that 

influence the maturation of thymocytes. Our findings provide novel insights into the developmental pathway of 

iNKT cells and functions of their thymic retention.  
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Hyaluronan (HA) is a large, soluble, glycosaminoglycan of the extracellular matrix that has anti-inflammatory 

effects under physiologic conditions. However, HA is cleaved into low molecular weight (LMW) fragments under 

conditions of cellular or organismal stress, acting as a molecular “switch” promoting inflammation. In breast cancer, 

a decrease in HA synthesis has been correlated with decreased tumor cell proliferation and migration. However, the 

roles of HA fragmentation in the progression of breast cancer are unknown. We predict that HA fragmentation 

increases during this transition, promoting inflammation through LMW HA-CD44 interactions. To test our 

hypothesis, the presence/absence of HA fragmentation was determined using gel electrophoresis in breast cancer cell 

lines. Additionally, qRT-PCR was performed to examine gene expression of the three major hyaluronan synthases 

(HAS) 1-3 and the two major hyaluronidases (HYAL) 1 and 2. Our data suggest as a cancerous lesion progresses, 

HMW HA production increases (primarily through HAS2), but HA fragmentation does not occur until the tumor 

acquires a more aggressive phenotype (primarily through HYAL1). We also verified the presence of CD44 protein in 

normal and cancerous cell lines via flow cytometry and found an increase in CD44 cell surface expression in 

aggressive tumor cells when compared to normal cells. Following characterization of HA fragmentation and 

machinery within our system, we found changes in inflammatory cytokines (such as IL8) as downstream effects of 

CD44 signaling in response to HA synthesis inhibition. By targeting CD44 signaling associated with inflammation, 

new therapeutic approaches can be developed for the treatment of breast cancer.  
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Enteric viruses, particularly human norovirus (NoV), are leading causes of foodborne illnesses. Fresh produce and 

minimally processed foods are the most implicated in foodborne viral outbreaks indicating a real need for 

development of novel non-thermal technologies for decontaminating food without causing adverse effects on the 

nutritive and organoleptic qualities of treated food. Previously, we reported complete inactivation of feline 

calicivirus (FCV) by 15 s exposure to Ar+1%O2 plasma in water using a plasma jet of Radio Frequency Dielectric 

Barrier Discharge (RF-DBD jet). Unfortunately, it is difficult to use RF-DBD jet to decontaminate surfaces because 

it is a point exposure-based setup. In this work, we studied the decontamination of surfaces by using a novel two 

dimensional air-based micro-discharge plasma array (2D-AMPA), which is designed to generate plasma in two 

dimensions from air instead of pure gases and using low power to be cost effective and to be usable for surface 

decontamination. Response Surface Methodology was used to mathematically modeling and optimizing the 

operational parameters of 2D-AMPA for maximal virucidal effect on stainless steel surface using FCV as a surrogate 

to human NoV. Our novel 2D-AMPA showed >3.5 log reduction in virus titer under optimal conditions (14.5 W 

power, 16.4 slm air flow rate, 5 min exposure time, 8.9 mm exposure distance) under wet exposure condition but not 

under dry exposure. When an enclosure was attached on the discharge head, we achieved significant enhancements 

in the virucidal activity [4.5 log reduction at 3 min exposure time and longer exposure distance (up to 40 cm)]. In a 

validation experiment, employing EMA-coupled qRT-PCR technique for titration, we attained >2.5 log reduction in 

human NoV GII 4 titer on stainless steel and lettuce leaf surfaces using the optimal parameters. Furthermore, in a 

preliminary experiment, more than 4.5 log of Salmonella Heidelberg was inactivated on a stainless steel surface. 

These results indicate the potential for this technology for regular use in the food industry.   
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The ability of Salmonella to form complex surface-associated communities, biofilm, is a key factor in an infection 

process. Biofilm also contributes to resistance and persistence of bacteria in both host and non-host environments, 

particularly those involving in food processing industry. In this study, we created a collection of non-typhoidal 

Salmonella (NTS) isolates (n=240), obtained from three animal sources: avian (n=80), porcine (n=80) and bovine 

(n=80). The collection included six most common NTS serovars associated with their hosts, Heidelberg (poultry 

isolates), Dublin, Cerro and Montevideo (bovine isolates) and 4,5,12:i:- ,Typhimurium var 5- (porcine isolates). All 

NTS isolates were tested for the presence of four virulence genes, (e.g. pefA, siiE, stn, and sopB) and their ability to 

form biofilm as well. Most of the isolates (83.75%) produced biofilm on a biotic surface. The majority of the strains 

(48.33%; n=116) were found to belong to weak biofilm producers, while (27.5%; n=66) and (7.91%; n=19) of 

strains were moderate and strong biofilm producers, respectively. Considerable percentage (16.25%; n=39) was 

found to produce no biofilm. Regarding virulence factors, the stn gene was the most prevalent (97.5%), followed by 

siiE (95.83%), sopB (89.16%) and pefA (31.66%). The siiE and stn genes were detected in all serovars of bovine 

isolates (e.g Dublin, Cerro and Montevideo), whereas none of these serovars harbor the pefA gene. Interestingly, 

most of these isolates (65, 27.08%) behave as none or weak biofilm producers. The stn, siiE and sopB genes were 

always detected in all isolates of 4,5,12:I:- serovars . The remaining two serovars, Typhimurium var 5- and 

Heidelberg have shown varying proportions of the studied genes. Overall, all virulence genes were significantly 

associated with Salmonella serovars except the stn gene, indicating their possible role in the host-adaptation process 

of NTS serovars. 
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During the spring outbreak of HPAI virus H5N2 from March - June 2015, 104 total turkey premises in Minnesota 

were infected comprised of 78 meat-type turkeys and 26 breeder turkeys. Of these, 58 were single age premises and 

46 had flocks of multiple ages on site at the time of infection. The youngest index flock age at the time of infection 

was 28 days in meat-type turkeys, and the oldest age of an index flock was 686 days in breeder turkeys. The 

objective of this study was to assess the ages of turkeys infected with H5N2 during the HPAI outbreak.Age profiles 

of turkey flocks in Minnesota infected with highly pathogenic avian influenza (HPAI) virus H5N2 were evaluated. 

These data suggest an increase in infection incidence at 14 weeks of age in turkeys during the spring HPAI H5N2 

outbreak from March - June in Minnesota. The number of infected commercial turkeys were matched with the total 

number of turkeys on each premises by county, flock size, and age for a total of 19 data points spanning 13 different 

counties in Minnesota. The data showed that 38% of commercial turkeys included in this analysis were never 

infected with HPAI virus H5N2. Out of the 62% that were infected, 35% of turkeys were infected at 14 weeks of 

age, 18% at 17 weeks of age, 16% were infected at 9 weeks of age, with the remaining age groups infected at <10% 

for each age.  
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More than half of the world’s population is at risk of vector-borne diseases including dengue fever, chickungunya, 

zika, yellow fever, leishmaniasis, chagas disease, and malaria, with highest incidences in tropical regions. In 

Ecuador, vector-borne diseases are present from coastal and Amazonian regions to the Andes Mountains; however, a 

detailed characterization of vectors distribution has never been conducted. We estimate the distribution of 14 vectors 

for the above-mentioned vector-borne diseases under present-day and future climate scenarios. We used vector 

occurrences, remote sensing and climate data, detailed Maxent parametrization, strict model transference, and 

evaluation of analogous environmental conditions in future climate. Our results were consistent across analyses, 

suggesting that climate warming may increase the geographic range for some vector species and will increase the 

risk of vector-borne diseases in the Andes highlands resulting in novel populated geographic areas will increased 

disease transmission risk. Our analyses also shows that paradoxically some vector species may become extinct, 

locally or completely, as reported for other taxa. These estimations show the need for development of early 

prevention strategies for known vector species and potential invasive vectors. These informed interventions could 

reduce disease transmission risk from naïve vector species responding to the (apparently) inevitable climate change.  
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Understanding pathogen transmission dynamics in wildlife at a landscape scale is difficult to achieve with standard 

epidemiological methods. We demonstrate the utility of applying phylogenetic community ecology techniques to 

untangle how spatial and behavioral factors can shape disease outbreaks at a landscape scale in a social species. We 

examine transmission of different subtypes of feline immunodeficiency virus (FIV) in African lions (Panthera leo) 

(FIVPle), at individual, within- and between-pride scales in the Serengeti National Park, Tanzania. While social 

organization was an important component of FIVPle transmission at all scales, we find that the three different 

FIVPle subtypes show different transmission routes at each scale. A combination of behavioral and spatial networks 

is likely to be important for FIVPle transmission for the two major subtypes, but the relative contribution of each 

mode varies with subtype. We demonstrate that, in particular, male behavior has subtype-specific effects on 

pathogen transmission within a social group, which manifests in patterns of transmission at a landscape level. Our 

study provides an important case study of the application of community ecology techniques that coupling 

phylogenetics, behavior, and spatial analyses allows a clearer understanding of transmission dynamics at a landscape 

scale.  
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Climate affects the transmission cycle of infectious diseases. The landscape that gives rise to the transmission of 

influenza A virus (IAV) between wild and domesticated avian species is greatly impacted by the climate. The 

behavior of the wild waterfowl, the natural host of IAV, is also affected by the climate condition. In the spring of 

2015, highly pathogenic avian influenza (HPAI) H5N2 was introduced to turkeys in Minnesota (MN). We evaluated 

this case to previous low pathogenic avian influenza (LPAI) introductions in the same area and the same season, and 

characterized the climate conditions associated with these introductions. Daily climatic variables from the 

introduction sites during 1960-2015 were retrieved from the National Climatic Data Center (NCDC) archives. 

Correlation analysis was performed. We discovered that the timing of the introduction cases significantly correlates 

with the weeks when the weekly average temperature was the closest to 8 – 9 °C and with the weekly average 

heating degree days (HDD) was the closest to 18 – 19 days (P < 0.1). The cumulative days above freezing point 

during Feb 22 – Mar 5 were significantly associated with the week of the cases (P < 0.05). The temporal pattern of 

the 2015 HPAI introduction resembles the pattern of five HPAI cases from other locations. As an example of the 

climatic impact on migrating waterfowl, we examined Canada geese and found that their Spring migration timing 

was shifted by the temperature. From observation, we know that Spring climate conditions bring wild waterfowl to 

farms (puddles and forms of ditches). From personal communication, we know that farm roads and environment are 

muddy and contribute to breakdowns in biosecurity. These factors are all likely to contribute to the reason that spring 

climate and IAV introductions are closely linked.  



EZD-7 

Developing next-generation sequencing informatics pipelines for unknown pathogen detection, 

genome assembly, and comparative genomics           
Knutson, Todd P.1; Garbe, John R.2; Jarvis, Matthew C.1; Neuhauser, Claudia M.2; Marthaler, Douglas G.1 

1Veterinary Diagnostic Laboratory; Department of Veterinary Population Medicine,  

University of Minnesota, St. Paul, MN 55108, USA 
2Research Computing, Office of the Vice President for Research, University of Minnesota, Minneapolis, MN 55455, USA   

 

 

Porcine viral outbreaks in the United States cause substantial animal, economic, and agricultural loss to the swine 

industry. Rapid detection of common viral pathogens by qPCR is effective, yet these methods often fail to identify 

highly mutable viral subtypes and cannot identify unknown viruses causing clinical disease. Next-generation 

sequencing (NGS) of porcine samples followed by bioinformatics analysis has allowed us to survey the entire 

virome of an animal and provide rapid diagnostic information, full genome assembly, and comparative analysis with 

other viral strains. Pathogen detection begins with RNA/DNA isolation from various animal sources, followed by 

Illumina MiSeq sequencing. After quality control and read trimming, every read is classified using an ultrafast k-mer 

search strategy employed by Kraken software and a database of known species, which is 900 times faster than 

Megablast. We created a custom database containing full-length RefSeq genomes from all bacteria, viruses, archaea, 

fungi, protozoa, and plasmids. Individual read classification allows for extraction of species-specific reads that 

greatly facilitates de novo genome assembly. Viral assemblies are annotated and evaluated for SNVs, indels, ORFs, 

recombination, and phylogeny. We used our pipeline to examine a set of 12 porcine fecal samples from the 

University of Texas that displayed enteric disease from an unidentified pathogen. Among the viral reads (only 

0.47%), the dominant species was porcine enterovirus G of which a full-length genome was assembled. 

Comparative genomics revealed that it contained a single ORF, was highly divergent compared to its closest subtype 

(only 80% identity), and included a 669 nucleotide insertion that mapped to a Torovirus protease (from a different 

taxonomic order). Our bioinformatics pipeline allowed for rapid identification of a novel recombinant enteric viral 

species circulating in the United States.  
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Porcine epidemic diarrhea virus (PEDV) is an enveloped RNA virus which causes an economically devastating 

enteric disease in swine. Although the virus infects pigs of all ages, severe clinical disease is mostly reported in 

neonatal suckling piglets. Current vaccines are not completely effective and show variable success in providing 

protection. Induction of both systemic and mucosal immune responses is important to protect swine from PED. The 

objective of this study is to assess humoral and cellular immune responses in pigs to PEDV and to assess their role in 

protection against re-infection. Three week-old pigs were infected with virus and blood was collected at 3, 7, 10, 14, 

and 21 days post infection (d p.i.). At 4, 10, and 21 d p.i. mesenteric lymph node (MLN), payer’s patches (PP), ileum 

and jejunum were collected. At 30 d p.i, virus exposed pigs were challenged with a field isolate and blood, MLN, 

PP, ileum and jejunum were collected at 7 d post challenge. PEDV specific IgG and IgA response peaked at 21 d p.i. 

both in intestine and in serum. No significant difference in frequency of B cells, CD4+ T cells and CD8+ T cells 

between uninfected and PEDV infected pigs in the blood and MLN was observed. Although PEDV challenge did not 

change the frequency of B cells, CD4+ T cells and CD8+ T cells, the frequency of double positive T cells (CD4+ 

CD8+) was significantly increased in the MLN of challenged animals. Surprisingly, no significant increase in PEDV 

specific IgA and IgG antibody titers was observed post challenge, although these animals were completely protected 

from re-infection. Further studies to evaluate frequency of PEDV specific antibody secreting cells and PEDV 

specific T cells in MLN are currently in progress. These studies may provide further insights into understanding the 

mucosal immune response to PEDV and it role in protection against disease.  
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Salmonella enterica serovar Typhimurium and Lawsonia intracellularis are two of the most prevalent intestinal 

pathogens of swine. S. Typhimurium causes diarrhea but also results in subclinical persistent colonization of pigs 

and can lead to food borne illnesses. S. enterica is responsible for over 1 million cases of food borne illness per year 

in the United States. L. intracellularis infection has been found as a risk factor for increased S. Typhimurium 

shedding in swine. The objective of this study was to investigate if vaccination against L. intracellularis could lead 

to decreased S. Typhimurium shedding. To test this hypothesis, groups of nine pigs were either challenged with S. 

Typhimurium, S. Typhimurium and L. intracellularis, S. Typhimurium and vaccinated against L. intracellularis, or 

S. Typhimurium L. intracellularis and vaccinated against L. intracellularis. A non-infected control group served as a 

negative control. Fecal shedding of S. Typhimurium was monitored using an enrichment most probable number 

method two days after infection and weekly thereafter until animals reached the age of 14 weeks. The co-challenged 

vaccinated group had a tendency of shedding the least S. Typhimurium and at one-week post infection is when the 

greatest differences among groups was observed and the vaccinated co-challenged group shed significantly less 

Salmonella (p>0.05) than the group co-infected without vaccination and the group challenged with Salmonella 

alone. These differences were of 1.63 and 2.12 Log10 organisms per gram of feces, respectively. These results 

indicate that vaccination against L. intracellularis may aid in the control of S. Typhimurium in herds co-infected 

with L. intracellularis.  
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Salmonella is one of the most common causes of foodborne illnesses in humans in the United States and domestic 

poultry is considered an important source of this pathogen. Salmonella enterica serovar Heidelberg is the fourth 

most commonly reported Salmonella from retail meats and food animals in the United States. The aim of this study 

was to assess the genotypes and antimicrobial resistance phenotypes of Salmonella Heidelberg isolated from various 

chicken and turkey hatcheries and breeder farms in the Midwest. The genotypes of 33 S. Heidelberg isolates from 

chickens (n=19) and turkeys (n=14) were compared using pulsed field gel electrophoresis (PFGE) analysis. Cluster 

analysis of the fingerprints showed that the majority of the chicken isolates grouped together with 86.6% similarity, 

while those from turkeys clustered with 87.8% similarity. Similarity between chicken and turkey isolates was also 

high (85.9%). Isolates from turkeys were generally more genetically diverse than those from chickens. Antimicrobial 

susceptibility analysis detected resistance to sulfisoxazole (36.4% of the isolates), streptomycin (33%), gentamicin 

(27%), tetracycline (24%), ampicillin and amoxicillin/clavulanic acid (15%), cefoxitin (12%), ceftriaxone and 

ceftiofur (12%), and chloramphenicol (9%). None of the isolates was resistant to azithromycin, ciprofloxacin, and 

nalidixic acid. Although the number of the isolates was limited in this study, we conclude that Salmonella 

Heidelberg isolates from the same host generally clustered together and a considerable number of the isolates were 

resistant to commonly used antimicrobials.  
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Mycobacterium avium subsp. paratuberculosis (MAP) is an intracellular pathogen; causative of Johne’s disease (JD) 

a chronic enteric infection in ruminants, characterized by progressive non-treatable diarrhea and weight loss during 

its clinical stages. Bovine mastitis is an inflammatory reaction of the mammary gland that can be caused by infection 

with physical injury or microorganisms. Both diseases have significant impacts on productivity, however little is 

known about their interaction. The objective of this study was to verify the dynamic between MAP and E. coli in the 

cellular response of bovine mammary epithelial cells (MAC-T). To accomplish the purpose we performed an in vitro 

infection with bovine mammary epithelia cell line, MAC-T cells, with either MAP and/or E. coli in a transwell 

system and harvested cells at 10, 30, 120 min. post-infection. RNA was extracted and qPCR was conducted on 3 

different targets: IL-10, IL1-beta, MAPK p38 and β-actin was used as a housekeeping gene. Ratio between target/

reference was calculated on a Roche Lightcycler 480II. Our experiments showed that when compared to E. coli 

infection alone, MAP had a diminished IL-10 expression, while E. coli infected cells spiked IL-10 after 10 min p.i., 

IL-10 production was virtually absent when MacT cells were co-infected with MAP and E. coli. MAPK p38 

expression did not follow the same trend. We were able to see an overexpression of p38 by 120 min p.i. when MAC-

T cells were infected with MAP alone and MAP/ E. coli co-infection. Previously, IL-1β transcription in MAC-T 

cells infected with MAP showed an upregulation by 10 min p.i., however our data showed upregulation at 120 min 

p.i. when cells were coinfected with MAP and E. coli . This data suggests that when mammary epithelial cells are 

coinfected with E. coli and MAP results in late recruitment of macrophages to the site of infection. These studies 

suggest that cell signaling may favor release of MAP into apical side of the mammary epithelium in the presence of 

mastitis.  
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Bovine tuberculosis is a ‘neglected zoonosis’ and its contribution to the proportion of Mycobacterium tuberculosis 

complex (MTC) infections in humans is unknown. A retrospective study on archived MTC isolates from a reference 

laboratory in Uganda was undertaken to identify prevalence of human M. bovis infection. Of the 5,676 isolates 

analyzed, 136 were pyrazinamide resistant. Of these, 1.5% (n = 2) isolates were confirmed and 8 were suspect for M. 

bovis using regions of difference PCR analysis. The size of whole genome sequences (WGS) of the two Ugandan M. 

bovis isolates were ~ 4.272 Mb (M. bovis Bz 31150 isolated from a captive chimpanzee) and 4.17 Mb (M. bovis B2 

7505 from a human patient), respectively. Alignment of these genomes against 17 MTBC genome sequences 

revealed 7248 SNPs, which generated a maximum parsimony tree with 1000 bootstraps. Phylogenetic analysis 

indicated a strong relationship between M. bovis from the chimpanzee with other M. bovis genomes analyzed while 

M. bovis from a human patient, did not cluster with any M. bovis or M. tuberculosis strains suggesting it likely 

underwent multiple genomic changes to adapt to the human host. WGS analysis revealed multidrug resistance 

genotypes like pncA mutations at positions H57D in Bz 31150 and P54Q mutation in B2 7505. Phenotypically B2 

7505 was a multi-drug resistant strain and this was confirmed by mutations in the major resistant-associated proteins 

for all anti-TB drugs including isoniazid (KatG (S315T) and InhA (S94A)), and streptomycin (rrs (R309C)). The 

presence of these mutations exclusively in the human isolate suggest that these occurred after transmission from 

cattle. Genome analysis in this study identified M. bovis in humans and great apes suggesting transmission from 

domesticated ruminants in the area due to a dynamic and changing interface, which has created exposure 

opportunity. Future studies include development of an affordable SNP-chip to achieve sensitive, specific and rapid 

results for MTC detection and typing to enable real time monitoring of interspecies transmission.  
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Influenza A virus (IAV) is a global, endemic infection that causes significant morbidity and productivity losses in 

swine and poses a substantial threat to public health. Recent modeling and empirical work on IAV suggests that 

piglets play an important role as an endemic reservoir. The objective of this study was to test additional intervention 

strategies aimed at reducing the incidence of IAV in piglets and in breeding herds overall. We developed a stochastic 

Susceptible-Exposed-Infectious-Recovered-Vaccinated (SEIRV) model of IAV dynamics in a swine breeding that 

reflects the spatial organization of a standard breeding herd and accounts for the different production and immune 

classes of pigs therein. The tested interventions included fifteen different vaccine and biosecurity strategies. 

Additionally, we used Latin Hypercube Sampling (LHS), partial rank correlation coefficient (PRCC), and random 

forest analyses to assess the relative importance of each parameter in the model. In concert, mass vaccination, early 

weaning of piglets (removal 0-7 days after birth), gilt isolation, gilt vaccination, and longer periods between 

introductions of gilts (6 months) were the most effective at reducing prevalence: endemic prevalence overall was 

reduced by 51% relative to the null case, endemic prevalence in piglets was reduced by 74%, and IAV was 

eliminated completely from the herd in 23% of all cases. Based on the global sensitivity analyses, the incubation 

period, infectious period, duration of immunity, and transmission rate for piglets with maternal immunity are 

parameters that warrant increased attention for obtaining empirical estimates. Our findings support other modeling 

and empirical studies that suggest that piglets play a key role in maintaining IAV in breeding herds. We recommend 

a combination of biosecurity measures in combination with targeted homologous vaccination or vaccines that 

provide wider cross-protective immunity to prevent incursions of virus to the farm and subsequent establishment of 

an infected piglet reservoir.  
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One of the gold standard and routinely used method for animal cytokine diagnostics is MILLIPLEX® MAP porcine 

cytokine/chemokine magnetic bead panel kit. Although this test has high sensitivity, it is time-consuming (about 24 

h) and requires Luminex complex fluorescent instrumentation. This work aims to develop a rapid and multiplex test 

for the detection and quantification of porcine cytokines using nanobiosensors that are based on the cutting-edge 

giant magnetoresistive (GMR) technology. This work is done in two sequential steps; first, the whole test is 

optimized by fluorescence microarray and then GMR biosensing is employed to detect cytokines. We tested two 

cytokine analytes, porcine interleukin-2 (IL-2) and interferon gamma (IFN γ). In the fluorescence microarray, we 

developed and optimized a highly sensitive sandwich immune-binding assay. We found that a two-step assay is 

better than one-step approach. The optimal binding time was found to be 3 h for both cytokines with total testing 

time of 5 h. The detection limit for both cytokines was comparable to that of MILLIPLEX® MAP kit. We are now 

working on developing a GMR duplexed assay using optimal conditions obtained from the fluorescence microarray 

results which appear to be promising for developing a rapid and sensitive assay for animal cytokines.  
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Mycoplasma hyopneumoniae (Mhp) is known to be challenging to culture and to isolate from tissue samples of 

naturally infected pigs. The most recent reported Mhp isolation success rate was 3%. Despite the bacterium’s slow 

and complex growth, there has been an increased interest towards obtaining isolates currently circulating in the field 

for Mhp control measures, including antibiotic sensitivity testing. Therefore, the objective of the study was to 

develop a protocol for sample selection and handling for successful Mhp culture and isolation from field samples. 

Four Mhp positive herds with growing pigs or gilts were enrolled in the study. A pre-screening protocol of two 

stages was implemented. The first stage consisted of collecting laryngeal swabs from 10 gilts/growing pigs per age 

group (16 to 29 weeks) 3 to 5 weeks after the onset of Mhp clinical signs. The second stage referred to the selection 

of 2 to 5 Mhp positive pigs expressing clinical signs suggestive of infection and having the lowest Ct value from the 

previous laryngeal swab sampling. Selected pigs were humanely euthanized and necropsied. Macroscopic lesions 

suggestive of enzootic pneumonia were assessed. Entire plucks with characteristic lesions were immediately stored 

on ice until transported to a -20oC freezer. Within 24 hours of collection, the frozen lungs were transported to the 

Mycoplasma Laboratory, University of Minnesota Veterinary Diagnostic Laboratory. Upon arrival, frozen lungs 

were thawed at 4oC. Mhp culture using modified Friis broth was attempted and growth was observed by the 

presence of an acid shift in pH with no turbidity. After various passages, culture was verified Mhp positive using 

qPCR prior to single colony cloning. Mhp isolation was confirmed using 16s sequencing in cloned colonies. At least 

one Mhp isolate was obtained from each of the 4 farms, resulting in an overall isolation success rate of 100% per 

farm. In the future, this pre-screening protocol can be used in order to obtain tissue samples with high likelihood for 

successful Mhp culture and isolation.  
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Approximately 5-10% of Thoroughbred (TB) and 6% of Standardbred (STDB) racehorses suffer from recurrent 

exertional rhabdomyolysis (RER), a condition characterized by bouts of painful cramping and muscle cell damage 

following exercise. There is strong evidence for a genetic component conferring RER susceptibility, with gender, 

temperament, diet, and activity level influencing expression of the clinical phenotype; however, the specific genetic 

variants actually contributing to this susceptibility are unknown. We hypothesized that variants of moderate to major 

effect underlie RER susceptibility in TB and STDB horses and that some of these variants are shared across both 

breeds. Genetic trait architecture for RER was inferred using BayesR. In both breeds, total phenotypic variance was 

explained by <1% of the SNPs tested. These SNPs were further partitioned based on their estimated effect sizes. In 

the TB, SNPs of small, moderate, and large effect account for 45%, 35%, and 20% of the phenotypic variance, 

respectively. Similarly, in STDBs, small, moderate, and large effect SNPs explain 47%, 30%, and 23% variance, 

respectively. Preliminary genome-wide association studies (GWAS) identified seven chromosomal regions of 

interest (ROIs) significantly associated with RER in populations of TB (n=491) and STB (n=196) horses: two in 

TBs, four in STBs, and one locus shared across both breeds. Of the 274 genes located within these ROIs, 34 were 

computationally predicted to be novel candidate genes for rhabdomyolysis in humans. Variants in each ROI were 

identified using whole genome sequences from 10 RER and 10 controls in each breed. 189,610 total variants were 

discovered within the ROIs identified by GWAS, with an average of 7.5 variants/kb. Of the variants identified, 

47.5% were within genes, and 1.1% had a putative functional effect. Variants will be prioritized based on 

segregation between RER and control horses as well as predicted functional effect. High-priority variants will then 

be used to create an assay for genotyping in the entire GWAS population.  
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Introduction: Influenza is a costly disease for U.S. pig producers. There is interest in understanding influenza 

prevalence and seasonality to target timing of intervention strategies. In this study, we aim to estimate the prevalence 

of influenza positive breeding herds over time and evaluate seasonality of influenza in these herds. Materials and 

Methods: Influenza testing data was compiled from 2011 to 2016. There were 40 farms conveniently and voluntarily 

enrolled in a retrospective-prospective cohort study started last year. Piglets within the breeding herds were 

monitored on a monthly basis using oral fluids. Oral fluids were tested to detect IAV matrix gene by RT-PCR. Trend 

and seasonality was evaluated using a regression model that includes herd prevalence as the outcome in each month 

and sine, cosine and autoregressive functions as predictors. Herd prevalence was compared between months 

calculating a year-adjusted prevalence ratio (PR) using a generalized estimating equations (GEE) log-binomial 

model. Results: There were 56 months of data. All farms were positive at least once across the study. There were a 

total of 1802 submissions of which 504 were positive (28%). There were 45 submissions per farm on average (range 

30-56) of which an average of 13 submissions per farm were positive (range 3-32). Average monthly herd 

prevalence was 25%, ranging from 7 to 52%. IAV herd prevalence had a seasonal pattern composed of 2 peaks of 

detection in the colder months and 1 deep in the hotter months. This pattern was detected every year. Influenza herd 

prevalence in this cohort rose during fall, peaked in both winter and spring, and decreased in summer months. 

Conclusion: Influenza had different herd prevalence across the year with a seasonal pattern that included higher herd 

prevalence during winter and spring months, and lower herd prevalence in summer months. These findings indicate 

the benefits of having year round surveillance because it allows producers and veterinarians to identify high risk 

periods, providing guidance on when to focus their control strategies.  
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Newcastle disease virus (NDV) is the causative agent of Newcastle disease, and is capable of infecting more than 

250 bird species in 27 orders. While most NDV infections are subclinical cases caused by lentogenic (low 

pathogenicity) viruses, in the United States, pigeons and double-crested cormorants (DCCO) are natural reservoirs 

for virulent NDV. In fact, outbreaks of virulent NDV are frequently reported in DCCO, and have historically posed a 

threat to the commercial poultry industry. These DCCO outbreaks are typically detected every few years, and while 

many hypotheses for the cause of this cyclicity exist, none have been thoroughly tested. Mathematical modeling 

provides a unique opportunity to test hypotheses to further understand the driving forces behind the pattern of NDV 

outbreaks in DCCO. The development of such a model, however, requires data with which to parameterize the 

model, and some types of data are difficult—or near impossible—to obtain. We therefore sought to develop a 

conceptual model for NDV in DCCO, and, using what data exists in the literature, conducted a sensitivity analysis to 

identify components of the model that would most benefit from further research. For this first-pass investigation, we 

focused on a model of only juvenile DCCO, as these birds appear to drive NDV dynamics in DCCO populations. 

Our model identified mortality rates due to NDV, peak prevalence during an outbreak, and seroprevalence following 

an outbreak as particularly important empirical data to collect to help understand the dynamics of NDV in DCCO.  
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Animal reservoirs have been identified as a source of emergence and spread of antimicrobial resistant non-typhoidal 

Salmonella enterica clones among human populations. Moreover, recently emerging serovars, such as Salmonella 

enterica serovar 4,5,12:i:-, are being isolated with an increasing frequency in swine. However, such emerging 

serovars have not been fully characterized. The present study aims at describing and contrasting the antibiotic 

resistance and virulence potential of 40 isolates each of two serovars (Salmonella Typhimurium var 5- and 

Salmonella 4,5,12:i:-) isolated from clinical samples of swine origin in 2015 at the Minnesota Veterinary Diagnostic 

Laboratory. Minimum inhibitory concentrations for nine antibiotics were estimated using Sensititre automated 

dilution system. Isolates were classified as resistant/non-resistant using cut-off values provided by CLSI. Hundred, 

97.5 and 75-92.5% of Salmonella Typhimurium var 5- and Salmonella 4,5,12:i:- isolates were resistant against 

oxytetracycline, sulphadimethoxine and ampicillin, respectively. Between 12.5-20% of Salmonella 4,5,12:i:- and 7.5 

to 32.5% of Salmonella Typhimurium var 5- were resistant against ceftiofur, enrofloxacin, gentamicin, and 

trimethoprim-sulphamethoxazole, respectively. Proportion of Salmonella Typhimurium var 5- isolates resistant to 

florfenicol and neomycin (62.5 and 45%, respectively) was significantly higher (Fisher’s exact test, p<0.05) as 

compared to Salmonella 4,5,12:i:- isolates (7.5 and 20%, respectively). Prevalence of virulence genes coding for 

invasion protein E (invE), bovine colonization factor (bcfC), magnesium transporter C (mgtC) and a chaperone 

protein (ssaE), was high (75-100%) in both serovars as estimated using PCR. Future work will aim at 

characterization of more virulence genes and to study the population structure of these isolates using molecular 

epidemiological techniques.  
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Porcine Reproductive and Respiratory Syndrome (PRRS) causes substantial losses to the swine industry since it was 

initially reported in the USA, in 1987. The Swine Health Monitoring Project (SHMP) routinely gathers a variety of 

swine health data including PRRS status, and vaccination status in sow farms of participating systems. The objective 

of the study here was to recognize spatiotemporal trends of PRRS status at selected SHMP-monitored sow farms in 

the Midwestern area, using data from 2011-2015. A total of 358 sow farms from 10 management systems were 

assessed. A linear mixed effect model confirmed a predictable seasonality of PRRS outbreaks over time with a 

decline in May-June period, the smallest number of outbreaks reported in October, and a dramatic increase in 

November – December. However, in 2014 and 2015 a deviation from the temporal pattern observed during 2011 -

2013 was detected, with a larger number of outbreaks reported throughout the year. There were statistically 

significant differences between management systems over time. Farm capacity was not statistically associated with 

the probability of having a PRRS outbreak. Compared to non-filtered farms, farms with air filtration were 

significantly less likely to suffer PRRS outbreaks. Space-time clusters were detected for all the five years, with radii 

and observed-to-expected ratios (O/E) ranging between <1km and 707km, and 1.2 and 9.4, respectively (p-value 

<0.05). In subsequent versions of the model here, new variables will be incorporated to fit a prediction model of the 

risk of PRRS outbreaks in sow farms, which will contribute to the evaluation of preventive and control interventions 

for the disease in the US.  
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Foot and mouth disease (FMD) is arguably one of the most contagious and economically relevant diseases affecting 

livestock worldwide. FMD epidemics have recently occurred in a number of FMD-free countries, highlighting the 

risk of introduction into the United States (US). An FMD outbreak in the US could cause devastating economic 

losses due to response efforts, trade restrictions, and animal losses. Therefore, prompt and effective responses are 

essential to lessen the resulting animal welfare and economic impacts. Simulation modeling has been used to predict 

the spread of FMD and to evaluate control strategies. Because FMD is rapidly transmitted between hosts, farms are 

typically modeled as the epidemiological unit of analysis in previous models. In those early models, for simplicity, 

animals are assumed to be randomly mixed within farms, so that the probability of contact between susceptible and 

infected individuals is homogeneous. Because between-herd spread is influenced by the probability of infection 

within a farm, which is a function of the within-farm transmission rate, one may argue that the assumption of 

homogeneous mixing may be an oversimplification of swine farm demographics. Here the spread of FMD virus in 

farrow-to-finish and farrow-to-wean swine farms was simulated and compared to that predicted when random 

mixing was assumed, to understand the influence of demography and farm structure on within-herd FMD 

transmission. The time to the peak of the simulated outbreak ranged from 14.42 to 15.77 days for the farrow-to-

finish and homogenously mixed population, respectively, while the wean-to-finish farm produced over 20,000 more 

infected pigs during the epidemic than the other farm structures. While the dynamics of the disease varied for each of 

the scenarios, the mean time-to-detection was not significantly different and ranged from 11.35 to 11.45 days. 

Results suggest that the random mixing assumption may be sufficient to model FMD spread when only average 

outputs are being modeled. However, considering farm structure is necessary to accurately model the deviation of 

those outputs, which is important considering the variability of the FMD virus. Results here will be applied in the 

formulation and parameterization of a between-farm FMD spread model in swine, which will subsequently be used 

to quantify the cost-effectiveness of alternative prevention and control strategies in the country.  
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Dairymen have an increasing interest in housing pre-weaned dairy calves in groups and feeding them milk 

automatically, despite significant challenges including delays in disease detection. The objective of this 

observational study is to investigate if we can detect sick calves earlier by applying statistical process control (SPC) 

to feeding behavior data. Group housed calves from 10 commercial dairy farms and representing two states, 14 

feeders and 28 pens were enrolled at the time of entry into the group pen. Sick calves were detected by farm 

personnel, and all treatments were recorded. Farms were visited weekly to collect feeding behavior measures from 

feeder software [drinking speed (DS) (ml/min)], and to record treatment events. A matched pair analysis was 

completed to compare DS in sick and healthy calves. Linear mixed models were built to describe the association 

between feeding behaviors DS and health status (HT/TRT) and also offered to control for other potential 

confounders, the random effect of farm, and repeated measures on calf. A stratified analysis explored the association 

between calf health status and DS by day from illness event, both overall and by disease diagnosis. Significance was 

determined at p < 0.05. Self-starting CUSUM charts were built for each calf and diagnostic test characteristics were 

calculated for the ability of SPC to signal a sick calf, as compared to a human observer. Models were optimized for 

sensitivity (Se) and timeliness. Records were analyzed for 176 pairs of calves representing 5,984 days. Overall, HT 

calves drank 88 ± 20 ml/min faster than TRT calves over the observation period. This difference was only significant 

on the day of pneumonia detection, but was different three days prior for diarrhea calves. SPC was used to analyze 

DS for 1052 calves. The Se and positive predictive value of using SPC to find a sick calf was 53 and 65%, 

respectively, and these calves were found 2.8 ± 8.5 days before a herdsman. In conclusion, TRT calves drink slower 

than HT calves, but SPC shows only moderate ability to find these calves.  
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The objective of this pilot study was to evaluate the effect of applying a selective dry cow therapy program, at the 

quarter level, on measures of udder health. A total of 56 cows from the Saint Paul campus dairy, University of 

Minnesota (UMN), were enrolled in the study. Two days prior to Dry-off (DO), cows were enrolled, aseptic quarter 

milk samples were collected for culture, and then cows were randomly assigned to either a blanket dry cow therapy 

(BDCT) or selective dry cow therapy (SDCT)group. For cows assigned to the SDCT group, fresh milk from each 

quarter was swabbed onto a rapid culture system (MN Easy™ 4Sight™, UMN. St. Paul, MN) and incubated for 24 - 

48 hrs, at which time results were recorded as bacterial growth (G) or no growth (NG). On the day of DO after the 

final milking, cows in the BDCT group were infused with a long acting antibiotic and an internal teat sealant (ITS) 

in all the 4 quarters. For cows assigned to the SDCT group, quarters with G on culture were infused with an 

antibiotic plus ITS, while quarters with NG were infused with ITS alone. Milk samples collected at DO, and again at 

1-7 days after calving were cultured using routine laboratory culture techniques to identify infections. Clinical 

mastitis events were recorded between DO and 30 days in milk. Multivariable logistic regression analysis was then 

applied to evaluate the effect of treatment on measures of udder health after calving including risk for presence of 

intra-mammary infection (IMI), cures, and risk for acquiring a new IMI during the dry period. Cow characteristics 

and prevalence of IMI was not different between the two groups at DO. There was no difference between the study 

groups with respect to quarter level risk for presence of IMI after calving (BDCT = 40.6%; SDCT = 43.1%), cures 

(BDCT = 85.0%; SDCT = 82.3%), and new IMI (BDCT = 41.5%; SDCT = 40.2%). The results suggest that a 

culture-guided SDCT program can achieve the same level of success with respect to udder health as BDCT 

programs, while significantly reducing antibiotic use at DO.  
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Bovine Tuberculosis (BTB) is a chronic disease caused mainly by Mycobacterium bovis, with a large impact in 

animal and public health. In spite of efforts devoted to improve diagnostic performance, the accuracy of BTB 

diagnostic tests is still impaired by several factors including cross-reactivity with other mycobacterial infections. 

Among them, cross-reactivity with Mycobacterium avium subsp paratuberculosis (MAP), the etiological agent of 

Johne’s disease (JD), can occur. However, the effect at the herd level of continuous use of these tests over time on 

the prevalence of MAP infection has not been elucidated yet. In this study we characterize the potential association 

between BTB exposed herds with periodical testing, and their JD serological status. 

A total of 266 positive BTB herds located in the Castilla-y-Leon region in Spain were selected based on history of 

BTB positive animals, and those having at least 10 animals tested using the IFNγ assay according to Spanish 

regulations. One control herd was selected per case, matched by production type, herd size, and geographic 

proximity. All animals in the case and control herds were tested using a JD ELISA (Paracheck ®). Herds were 

classified in positives (at least one JD positive animal) and negatives (absence of positive results). 

A conditional logistic regression model was run to assess the effect of being subjected to routine BTB diagnostic 

tests while accounting for other potential risk factors. A total of 482 (91%), 26 (5%), 10 (2%), and 14 (3%) herds 

were classified as beef, dairy, bullfighting and mixed, respectively. Overall 27.82% herds were positive to both 

diseases, while 23.87%, 22.18%, and 26.13% herds were positive only for BTB, only for JD, or negative to both 

respectively.  

Results suggested a marginally significant statistical association between BTB and JD status at the herd level 

(P=0.068). Further analysis considering animal-level factors should be conducted in order to fully evaluate the 

relationship between continuous BTB diagnostic tests on the results in the JD tests under field conditions.  



PS-12 

Co-localization of Lawsonia intracellularis and proliferative markers in affected pigs demonstrated 

by dual-color RNA in situ hybridization                           
Resende, Talita P.1; Vannucci, Fabio A.2; Gebhart, Connie J.1 

1Department of Veterinary and Biomedical Sciences; 2University of Minnesota Veterinary Diagnostic Laboratory  

College of Veterinary Medicine, University of Minnesota, St. Paul, MN, USA  

 

 

Although enterocyte proliferation has been recognized as a hallmark of Lawsonia intracellularis infection, the in situ 

evaluation and co-localization of the bacterium and a proliferation marker has not been reported. A novel in situ 

hybridization (ISH) approach was used to describe the distribution of Ki-67 (proliferation marker) and RhoA 

(involved in cell cycle dynamics) in relation to the distribution of L. intracellularis (aspA housekeeping gene) in 

intestinal samples from experimentally infected pigs. Ileum sections from five experimentally infected pigs were 

selected based on immunohistochemistry results. Duplex ISH assays were used to co-localize the Ki-67 with L. 

intracellularis and similarly RhoA with L. intracellularis aspA expression. Hybridization signal was detected as 

green (Ki-67 and RhoA) and red (aspA) colorimetric staining followed by counterstaining with hematoxylin. In 

samples negative for L. intracellularis aspA, Ki-67 positive signal was more frequently observed in nuclei from 

immature enterocytes in the base of normally proliferating crypts and RhoA signal was visualized as diffuse 

cytoplasmatic staining along the entire crypt length, including goblet cells. All L. intracellularis IHC positive 

samples were also positive for aspA expression detected by ISH. In these L. intracellularis positive samples, Ki-67 

staining was more diffusely distributed along the entire crypt. Clusters of Ki-67 positive cells were observed in 

association with L. intracellularis infected cells, reinforcing the association between L. intracellularis infection and 

enterocyte proliferation. The relationship, however, between RhoA and L. intracellularis was not clear due to the 

fact that RhoA had diffuse staining through the cytoplasm of all cells of the infected and non-infected crypts. This 

new ISH platform offers the opportunity to co-localize two different RNA sequences within the tissue, highlighting 

the increased mitoses rate in L. intracellularis affected samples. Therefore, this new ISH represents an effective tool 

for future pathogenesis studies.   
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Mycoplasma hyorhinis (MHR) is recognized as a causative agent of polyserositis and arthritis in young pigs, and it is 

transmitted from dams to piglets shortly after birth. Mycoplasma hyosynoviae (MHS) causes arthritis in finishing 

pigs, and it has been suggested that is not capable of colonizing pigs younger than 4-8 weeks of age. However, 

recent studies indicate that MHS tonsillar colonization of suckling pigs may occur prior to weaning. The aim of this 

study was to characterize and compare colonization of dams and their offspring by MHR and MHS prior to weaning 

in tonsillar swabs tested by real time PCR. Tonsillar swabs were collected from 29 dams and 120 piglets randomly 

selected from their litters at 1 and 3 weeks after farrowing. Proportions of dams and piglets with MHR and MHS 

detection in tonsillar swabs were compared within weeks of sampling, and association between MHR and MHS in 

dams and piglets colonization status was evaluated. One week after farrowing, MHR was detected in 72% of dams 

and 8.3% of piglets’ samples. MHS was detected in 55% of dams and none of piglets’ samples. At week 3 after 

farrowing, MHR was detected in 65% of dams and 50% of piglets’ samples; in contrast, MHS was detected in 48.3% 

of dams and 0.9% of piglets’ samples. No statistical difference on dams’ colonization status by MHR or MHS, and 

no association were observed in either weeks of sampling. Dams seemed to be consistently colonized with both 

MHR and MHS, although independently. In contrast, piglets appeared to be significantly more colonized at week 3 

prior to weaning and with MHR. High prevalence of MHR on dams and piglets was observed in this study with the 

use of tonsillar swabs. MHS colonization was detected later in lactation piglets. The observed colonization status of 

piglets might potentially reflect the timing of disease development in nursery stage for MHR and finishing stage for 

MHS reported in field settings.  
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Introduction: Hoof trimming is a common procedure used to prevent and treat lameness one of the most important 

economic and animal welfare diseases in the dairy industry. There is a paucity of research on the effects hoof 

trimming has on the three components of animal welfare: biological function, behavior, and affective states. Current 

behavioral research suggests hoof trimming causes a decrease in activity, and an increase in resting time. However in 

these studies lame animals were included, and this limits the conclusion that can be made on the effect routine HT. 

The objective of this research was to determine the association between HT and activity, resting behaviors and milk 

yield for non-lame cows. 

Materials and Methods: A convenience sample of four farms was used in this study. Activity, milk yield, resting 

time, and resting bout information was collected daily at the time of milking. Hoof trimming data was collected from 

the on farm records. The associations with HT were evaluated by comparing a 20 day baseline average before HT to 

days 1-35 following HT. Models were created using linear regression. The fixed effects evaluated were season, 

lactation number, milk yield, DIM and time period. Adjusted with a correlation structure. 

Results: A total of 1574 cows were used in the analysis. Activity was negatively associated with time from hoof 

trimming. Resting bouts were positively correlated with time from hoof trimming. Resting time and milk yield had a 

strong interaction with stage of lactation at trim. Early lactation was associated with an increase in milk production, 

while mid and late lactation were associated with a decrease in milk production. Resting time by stage of lactation 

either showed a decrease or no association.  

Conclusion: These results show that the HT process is associated with changes in activity, resting time, resting bouts 

and milk yield of the cow during the 35 days following HT. This indicates that there is an adjustment phase either 

due to the actual HT or due to the disruption of the cow’s daily routine during the HT process.  
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The current diseases diagnosis requires submission of samples to a laboratory, then waiting for analysis results to be 

communicated. It took several weeks to get the sequencing results, whereas health decisions cannot wait. On-farm, 

real-time molecular disease diagnosis is increasingly needed and valuable for swine producers. We propose here to 

use MinION (Oxford Nanopore), a portable hand-held sequencing device for disease diagnostics that can provide 

producers with new options for real-time, on-farm health assessment. Using PRRSV as the test model, we will adapt 

and evaluate MinION for sensitive and specific genome sequencing to aid in outbreak investigations. According to 

strand switching cDNA library preparation workflow, we get cDNA of VR-2332 strain. The sample was then loaded 

to MinION. The sequence was assembled by canu and get a contig of ~7kb. When aligned with the reference 

genome, the identity was 94.2%. Our preliminary results indicated that MinION can be used for quick PRRS 

diagnostic and real-time bioinformatics analysis is feasible with nanopore sequencing. As sequencing yield, quality, 

and turnaround times continue to improve, we anticipate that MinION will be a good new device for disease 

diagnosis.  
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Bovine tuberculosis (bTB) is a chronic disease of cattle that is notoriously difficult to control and eradicate. In 

Uruguay, a country with a comprehensive animal movement traceability program, bTB incidence has been steadily 

increasing over the past five years, raising concerns of livestock stakeholders and governmental agencies. We 

developed an integrated within- and between-farm stochastic transmission model that simulates the spread of bTB in 

a dynamic movement network of cattle farms. Transmission between farms occurred via movements or local spatial 

spread, while the within-farm spread of bTB was simulated using a stochastic Susceptible-Occult-Reactive (to skin 

tests)-Infectious model. Following Uruguay’s current surveillance program, cattle sent to slaughter were detected 

with a specified sensitivity via passive surveillance, and active surveillance (skin testing) was performed annually on 

dairy farms. We used a genetic algorithm to fit this model to observed data, including number of detected dairies 

farms, spatial distribution of detected farms, and method of detection. Parameterization included sensitivity of 

slaughter surveillance, sensitivity of skin testing, and two parameters controlling the shape of the spatial 

transmission kernel. Using the fitted model, we investigated alternative targeted surveillance strategies that have the 

potential to more effectively and efficiently detect and control bTB in Uruguay and elsewhere.  
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Mycobacterium avium paratuberculosis is the causative agent of Johne’s disease (JD) in cattle. In the United States, 

68% of diary herds are infected with JD. Molecular typing technique, such as variable number tandem repeat, has 

not been reliable to assess the population structure and provide discriminative information on herd level 

transmission. Long latency period of JD created large uncertainty in the estimation of phylogenies to infer the within

-herd transmission of MAP, as the animal can be infected by multiple strains, not necessarily by the inferred most 

recent common ancestor. Whole-genome-sequenced MAP data with generous depth of coverage and samples of 

pooled fecal material provide an opportunity to identify those mix infections. In this study, the genetic diversity of 

68 MAP isolates from both individual and pooled samples representing two Minnesota diary herds of no known 

connection was compared to the diversity of 164 Canada and 26 global isolates, using single nucleotide 

polymorphisms identified from whole genome sequencing (WGS) of MAP. We used a hybrid approach of reference 

mapping and de novo assembly to include important gene families that associated with important virulence factors 

into the analysis. And we used a statistical approach to study the heterozygous base calls from WGS sequencing files 

and model the distribution of strain concentration presented in the samples.  
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Although urbanization causes habitat loss and fragmentation, some wildlife populations are able to thrive in urban 

landscapes. However, animals residing in different urban areas will have different interactions with conspecifics and 

other species, and hence, might vary in their exposure to different types of pathogens. We tested this hypothesis in 

coyotes (Canis latrans) in Chicago from 2000-2012. Sera was obtained from 109 coyotes and tested for antibodies 

against canine distemper virus (CDV), Leptospira (serogroup Gryppotyphosa), Toxoplasma gondii (T. gondii), and 

canine heartworm. Overall prevalence of antibodies against CDV was 31.2% (N=93), 37.6% for Leptospira 

(N=109), 78.8% for T. gondii (N=109), and 25.6% for canine heartworm (N=90). Land-use related differences were 

significant only for Leptospira, where antibody prevalence was higher for animals residing in, or in close proximity 

to, residential areas than those that were further from residential areas. Exposure to CDV was more influenced by 

season than land-use, in that an individual’s odds of exposure was greater during the breeding and pup-rearing 

seasons than during the dispersal season. Age was the main factor influencing canine heartworm infection, with 

infection being lower in juveniles than in pups, yearlings, and adults. Exposure to T. gondii was not influenced by 

any of the factors examined. As preliminary findings, our results suggest that coyote exposure to Leptospira in urban 

settings varies by habitat type, whereas for CDV and canine heartworm, host traits were more important at predicting 

exposure.  
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Unraveling gene function using gene co-expression networks and haplotype maps in the  

domestic horse                                
Schaefer, Robert1, Mickelson, James2, McCue, Molly1 
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Genome wide association (GWA) studies in the horse have been successful in uncovering links between genotype 

and phenotype for numerous traits. However, the causal genes and functional mechanism in many cases remain 

unknown. Linkage based studies for complex traits are limited by several shortcomings typical of SNP based 

approaches, mainly, poor resolution in QTL boundaries as well as potentially dozens of different effective loci being 

associated with a trait of interest. To mitigate these issues, we have systematically integrated several sources of high-

dimensional genomic data in order to better describe as well as inter-relate putative loci associated with traits of 

interest.  

 

Using genotype data from over 300 horses we have created prototype haplotype maps describing breed specific 

boundaries for over 2 million SNPs in 15 major horse breeds providing robust SNP to gene mapping in the horse. To 

characterize gene function, we built gene co-expression networks using tissue specific RNA-Seq measured across 11 

different organs or tissues. Networks quantify correlation of expression specific to each tissue as well as variation 

across tissue provide an unprecedented view in the functional, transcriptional landscape in the horse. Networks were 

validated for functional coherency using Gene Ontology (GO) terms. Co-expression among genes co-annotated to 

the same GO terms was compared to randomized sets of genes showing statistically significant co-expression among 

nearly half of all GO terms tested. Using the horse, we establish an integrated, network based approach from which 

agronomically important traits can quickly be analyzed.  
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Raptors are vulnerable to coagulopathies from secondary poisonings by consuming rodents poisoned with vitamin K 

anticoagulant rodenticides. Identification of rodenticide toxicity is difficult and a better diagnostic tool is needed to 

confirm these toxicities in birds. A reliable point-of-care (POC) tool would be an invaluable diagnostic for raptor 

rehabilitators. The specific aims of this study were: to determine the performance characteristics of a POC 

mechanical clot detection coagulometer for the measurement of prothrombin (PT) time and to assess the impact of 

the use of rabbit vs avian thromboplastin in the measurement of PT time in raptors. We hypothesized that avian 

thromboplastin will give more precise results within the reportable range of the analyzer as conspecific reagents have 

been previously reported to give less variable clotting times. Rabbit thromboplastin was purchased from a 

commercial laboratory. Avian thromboplastin was made from the brains of adult red-tailed hawks (Buteo 

jamaicensis) and great-horned owls (Bubo virginianus). Data collection is on-going. Initial data suggests that 

machine precision has been established by measuring PT time using rabbit thromboplastin with quality controls from 

a commercial laboratory. Coefficient of variation (CV) was less than 6.1% for all three control levels. To date, we 

have optimized the protocol to create avian thromboplastin and conducted multiple freeze/thaw trials to determine 

stability. Coefficient of variation (CV) was less than 11% in the first four trials. Future work includes creating 

reference intervals for a PT assay from healthy red-tailed hawks and great horned owls and to validate the 

coagulometer against the reference standards at the Cornell Comparative Coagulation Laboratory.  

SS-2 

Effects of 17-α-Estradiol Treatment on Stifle Joint Osteoarthritis in Naturally Aged Mice 
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17-α-estradiol (EST), a non-feminizing estrogen closely related to 17-β-estradiol, increased longevity in a natural 

aging study in male mice. EST has a low affinity for estrogen receptors, but may influence disease processes in 

multiple tissues. The objective of this study was to determine whether long-term treatment of male mice with EST 

influenced tissues in diarthrodial joints that are affected by aging. The left hind limbs from 12 control and 12 EST 

treated male mice (mean age 32 months, range 24-42 months) from a natural aging study were prepared and 

evaluated by an observer who was blinded to treatment. Measurements of articular cartilage, calcified cartilage, and 

subchondral bone thickness and area in the medial tibial plateau were taken using the OsteoMeasure bone 

histomorphometry system. The articular cartilage structure score (0-12) and other recognizable joint lesions, 

including chondrification and ossification of ligaments, osteophytes, and degenerative changes in patellae and 

menisci, were recorded. There was a striking range of degenerative changes in these joints, from nearly normal to 

end-stage osteoarthritis. No effect of treatment on lesion severity was observed and there were no significant 

relationships between lesion severity and age. Significant treatment effects were identified only for calcified 

cartilage thickness and width (lower in EST group vs. controls, p=0.03) and subchondral bone and thickness (higher 

in EST group vs. controls, p=0.04); no other comparisons were significant. Thus, although EST results in increased 

longevity in male mice, these results indicate that it has does not significantly affect articular cartilage lesions of 

osteoarthritis.  
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Canine hemangiosarcoma (HSA) is an aggressive malignant tumor of vascular origin oftentimes with poor patient 

prognosis. Metformin, a common human anti-diabetic drug, and resveratrol, a natural plant polyphenol, have been 

shown to possess strong anti-proliferative and/or pro-apoptotic effects in several human cancer cell lines and appear 

to be non-toxic in dogs. The effects of both metformin and resveratrol are thought to be mediated by activating the 

AMP-activated protein kinase (AMPK). We hypothesized that metformin and resveratrol have growth inhibitory 

effects on canine HSA cell lines. HSA cell lines Frog and DD-1 were incubated with increasing concentrations of 

metformin and resveratrol with or without doxorubicin, a common cytotoxic agent. The growth inhibitory effects of 

either metformin or resveratrol were assessed by MTT assay. Western blotting was used to assess the activation of 

AMPK and the expression of several pro-apoptotic proteins. In contrast to human cell line studies, metformin had a 

minimal inhibitory affect on the growth of Frog or DD-1 cells. Consistent with human cell line studies, resveratrol 

markedly inhibited both Frog and DD-1 cell growth. In both cell lines, resveratrol induced the cleavage of caspase 3 

and increased the expression of phospho-p53, two markers of apoptosis. Resveratrol, but not metformin, increased 

the growth inhibitory effect of doxorubicin. These findings suggest that resveratrol may have growth inhibitory 

effects against canine HSA and could be a potential adjunct therapy to doxorubicin use in canine HSA patient 

treatment.  
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Systematic literature review and elicitation of expert opinion to assess the dynamics of the 1997 

FMD epidemic in Taiwan    
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Foot and mouth disease (FMD) is a highly contagious disease affecting cloven-hooved animals that causes 

devastating economic losses to affected countries. Because the United States (US) has been FMD-free since 1929, 

little is known regarding the likely size and extension of an FMD epidemic in the country. Disease models may help 

predicting epidemic dynamics and identifying appropriate control measures, and utilizing field data from FMD 

epidemics are essential to increase model accuracy. Here, a combination of systemic review of scientific literature 

and field interviews was used to study the features of the 1997 FMD epidemic in Taiwan. Formal sources of 

information included 1 book, and 6 peer reviewed-publications with 3 in English and the other 3 in Chinese. 

Informal sources of information included the interviews, in Taiwan, of 5 individuals with field experience at the time 

of the epidemic. Formal and informal sources of information agreed in many aspects except some key epidemic 

parameters, such as the date of first introduction of FMD virus into Taiwan, percentage of under-reported cases, and 

effectiveness of control measures. Because formal and informal sources are subject to different types of bias, a 

combination of literature review and elicitation of expert opinion may help to reconstruct the history of epidemics 

more accurately than if a unique source was used. Results here will help the parameterization of an FMD spread 

model in U.S. swine farms with the ultimate goal of supporting early detection and mitigation of impact of a 

hypothetical FMD epidemic in the U.S.  
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The misfolded form of the prion protein (PrPD) causes fatal neurodegenerative disease. Prion diseases have been 

identified in many species including humans (Creutzfeldt-Jakob disease), cows (BSE), and sheep (scrapie). Prion 

diseases are characterized by deposition of PrPD throughout the central nervous system, neuronal and synaptic loss, 

spongiosis, clinical dementia, and neuroinflammation represented by astrogliosis and microgliosis. There is no 

treatment for prion disease and survival after diagnosis in humans is less than 2 years. Acetylsalicylic acid (ASA) 

has many anti-inflammatory effects including COX2 inhibition, NF-B regulation, and inhibition of ERK-12 

pathways. These pathways contribute to astrogliosis and increased expression of glial fibrillary protein (GFAP). We 

tested whether or not the administration of ASA would impact astrocytosis in a scrapie model system. Mice were 

intraperitoneally infected with 100µl of 5% scrapie-positive ME7 brain homogenate and oral ASA was administered 

either as a prophylactic (i.e. prior to prion infection). or as an intervention (i.e. after the mice began to show clinical 

signs based upon rotarod testing). All mice were euthanized at terminal disease and their brains were harvested, 

fixed, sectioned, and stained for GFAP using fluorescent immunohistochemistry. GFAP expression was quantified 

using a custom macro in Image J. To date, the treated and untreated mice show statistically significant increased 

GFAP expression compared to controls (two-way ANOVA, p-value.05), but a significant effect of ASA has yet to 

been seen. Future study will include IHC for PrPD deposition and microgliosis, an increase in sample size (from n=3 

to n=6), and analysis of time-matched sacrifice group.  
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Role of Neural Inflammatory Processes in Estradiol Enhancement of Cocaine Self Administration in 
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Drug abuse is an enduring problem across all populations, but women initiate drug use at younger ages and progress 

to clinical addiction faster than their male counterparts. Estradiol is thought to be a major contributor to this sex 

differences, conveying increased vulnerability to addiction by remodeling neuronal synapses in brain reward 

pathways. Although the precise mechanisms remain unclear, microglia have been identified as potential mediators of 

this drug-induced plasticity. In response to chronic exposure to cocaine, M1 glial cells are activated leading to 

release of the pro-inflammatory factor TNF-α. Release of TNF-α leads to internalization of AMPA receptors and a 

dampening of behavioral responses to cocaine. In females, estradiol acts to convert M1 pro-inflammatory glial cells 

to M2 anti-inflammatory glial cells, thus resulting in decreased TNF-α levels and a subsequent decrease in neural 

inflammation. We hypothesize that the switch from M1 to M2 microglia is critical to the enhanced addictive 

behaviors seen in females. To test this hypothesis, ovariectomized female rats received jugular vein catheters and sc 

estradiol capsules, and then were allowed to freely administer cocaine for 6 hrs each day for 10 days. Control 

animals received no catheter implants (and did not self-administer cocaine) and/or no hormone capsule implants. At 

the conclusion of testing, brain tissue was collected and processed to identify activation state of microglia (via 

immunohistochemistry for Iba1) as well as expression of TNF-α. These studies will provide insight into the role of 

neuroinflammatory processes in addictive behaviors in females, and help identify therapeutic targets for treating this 

disease in women.  
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B-cell Tetramer to Evaluate the Memory Immune Response to PRRSV                 
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Memory B cells are crucial for the body to prevent reinfection. These cells circulate throughout the body after a 

pathogen has been cleared, and continue to scavenge for the pathogen long after infection. This sentinel activity is 

the basis for why vaccinations are able to prevent disease from reoccurring. Vaccine development requires clinical 

trials to ensure safety and efficacy which necessitates animals be challenged with the pathogen after vaccination. 

Vaccination is particularly important for production animals which are consistently at risk from devastating viral 

infections such as Porcine reproductive and respiratory syndrome virus (PRRSV). This pig specific pathogen is a 

major threat to porcine welfare and production worldwide and a pathogen lacking a vaccine capable of producing 

sterilizing immunity. As a result of this, we have developed a B cell tetramer reagent which may be used to predict 

vaccine efficacy or used to determine the immune status of individual animals. The B cell tetramer we have 

developed consists of 4 molecules of PRRSV nonstructural protein 7 (nsp7). The nsp7 molecules are bound via 

biotin to a streptavidin molecule. Streptavidin is conjugated to phycoerythrin (PE) to make a tetramer consisting of 4 

conjugated nsp7 molecules. This results in a fluorescent reagent containing four sites for anti-nsp7 antibodies to 

bind. PRRSV immune and naïve serum was incubated with our tetramer and anti-PE microbeads. This was then run 

over a magnetic column to select for NSP7-specific antibodies and then evaluated with an anti-porcine IgG ELISA 

to determine reactivity. ELISA results indicated the antibodies would bind to tetramer in PRRSV immune serum, but 

not PRRSV naïve serum. Incubation of splenocytes from immune pig serum with tetramer, followed by magnetic 

selection and flow cytometry analysis, showed that memory B cells were present in immune serum. These results 

indicate that the nsp-7 B cell tetramer may be used to determine the immune status of pigs after vaccination or 

natural exposure to PRRSV.  
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Anovular Holsteins       
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Reproductive efficiency is vital for successful dairy farms. Genomic markers for fertility traits have become 

increasingly available to producers, though specific biological events identified by such markers remain largely 

unexplored. We evaluated pregnancy per artificial insemination (P/AI) and risk of pregnancy loss between d35 and 

d80 after first AI in Holsteins (n=372). Cows were classified into quartiles based on genomic predicted transmitting 

ability (GPTA) for daughter pregnancy rate (DPR), sire stillbirth (SSB) and daughter stillbirth (DSB). Effects of 

DPR, DSB, and SSB on P/AI and pregnancy loss were evaluated by logistic regression (proc GLIMMIX, SAS 9.4). 

The top 25% for each trait (Q4 for DPR and Q1 for SSB and DSB) was compared with remaining cows by using a 

contrast statement. Overall P/AI and pregnancy loss were not affected (P>0.10) by DPR, DSB, or SSB. Top 25% 

cows for DPR had greater P/AI on d35 (Q4=50.5 vs. Q3=37.1, Q2=41.5, Q1=42.7%; P=0.09) and 80 (Q4=49.5 vs. 

Q3=33.7, Q2=37.0, Q1=35.8%; P=0.02). Pregnancy loss was smaller (P=0.10) for Q4 compared with Q3, Q2, and 

Q1 (2.1, 8.8, 10.5, and 15.0%, respectively). Because anovular cows are less likely to be detected in estrus, we are 

evaluating an alternate program to anticipate first AI postpartum in anovular cows, increasing overall insemination 

rate. Cows without CL at the end of a presynchronization (presynch) series (PGF2α at 36±3, 50±3d) will be assigned 

randomly into one of two groups, long and short. Short cows will receive 2 CIDRs and begin a 5d timed AI (TAI) 

program on that day. Long and with CL cows will begin a TAI program 12d after the presynch. This ongoing study 

will serve as another tool in the assessment of anovular dairy cattle.  
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Free-ranging moose (Alces alces) in Minnesota have recently been declining and health-related causes comprise a 

majority of documented deaths in the latest studies. The use of blood profiles to assess health is vital in 

understanding influences on survival, however, reference intervals for hematological and serum biochemistry 

parameters are lacking for wild moose populations. The Minnesota Department of Natural Resources has compiled 

hematologies and serum biochemistries from presumed healthy hunter-harvested (n=223, 99% male, 1% female, 

2010-2012) and live-captured (n=331, 25% male, 75% female, 2010-2015) moose. Presented are established 

reference intervals and a preliminary investigation of these blood profiles to improve our understanding of what 

constitutes good health in free-ranging moose. Reference limits were constructed following the ASVCP Quality 

Assurance and Laboratory Standards Committee (QALS) Guidelines for the determination of Reference Intervals in 

Veterinary Species and other related topics: SCOPE. Biological factors examined include age (0.5-16 years), sex, 

body condition, time of year and fate. Of these, body condition score was shown to impact parameters such as 

hematocrit. Pre-analytical factors examined include blood handling times from time-of-kill or capture to time-of-

blood spun. As handling time increased, the hemolysis index increased, which effected parameters such as glucose. 

Hunters can be advised to collect blood within 1-hour and deliver within 24-hours of kill to keep hemolysis to a 

minimum. Additionally, an in-depth literature review was conducted to compare findings from free-ranging moose 

in Minnesota to other wild and captive cervid populations. Live-capture blood samples prove invaluable in the 

assessment of wild populations, and hunter-harvest samples may now provide additional value as parameters 

implying condition did not significantly differ from other live-capture populations. To our knowledge, this is the 

largest blood profile dataset of free-ranging moose and the first to include and interpret hunter-harvested data.  
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The healing and management of chronic wounds is a challenge in both human and veterinary species. Persistent 

wounds can be complicated by bacterial infections and many become progressively resistant to antibiotic therapy. 

Commonly methicil-lin- resistant Staphylococcus aureus (MRSA) and multi-drug resistant Pseudomonas aeruginosa 

(MDRPA) are implicated; these bacteria are capable of forming biofilms that are not resolved by standard 

treatments. We explored a new therapy, cold atmospheric plasma (CAP), which we hypothesized has bactericidal 

effect and the ability to diminish biofilm integrity. CAP is a partially ionized gas composed of reactive oxygen 

(ROS) and nitrogen species (RONS), which creates a hostile envi-ronment for bacteria while stimulating host cell 

growth. Our initial studies involved optimizing biofilm growth using MRSA strain USA300 and MDRPA strain 

PA14 in vitro followed by treatment with CAP for further microscopic and biolumines-cent observations regarding 

the bactericidal effect and biofilm stability. Previously optimized conditions of a 5-minute CAP treatment time at a 

6mm distance from the biofilm were used. Our preliminary data suggests that under these circumstances, there is an 

improvement in the bacterial biofilms not seen with conventionally used antibiotics.   
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Discovery of a genetic mutation that causes sudden cardiac death in toy Manchester terriers          
Larrabee S1, Henthorn P2, Tate N1, Minor K1, Martinson S3, Furrow E1 

1College of Veterinary Medicine, University of Minnesota, St. Paul, MN, USA  
2School of Veterinary Medicine, University of Pennsylvania, Philadelphia, PA, USA 
3University of Prince Edward Island, Charlottetown, Prince Edward Island, Canada 

 

 

A juvenile cardiomyopathy has previously been reported in toy Manchester terrier (TMT) dogs. Affected dogs 

experience sudden death at a young age (10 weeks to 1 year). There are little to no preceding clinical abnormalities, 

with the exception of cryptorchidism in males. Necropsy findings are consistent with a dilated cardiomyopathy type 

disorder, with myocardial degeneration and fibrosis on histopathologic review. The aim of this project was to 

perform a genome-wide association study (GWAS) and follow-up sequencing to locate the genetic mutation 

responsible for juvenile cardiomyopathy in the TMT. Twelve cases (puppies with histopathology-confirmed 

cardiomyopathy) and 36 controls (healthy adults >2 years old) were included in the study. The GWAS identified a 

highly significant association on chromosome 27 (p-value of 2.7 x 10-15). Positional candidate genes included two 

genes encoding cardiac potassium channels that have been linked to sudden death or adult DCM in people. Using 

Sanger sequencing, one gene was found to have a missense mutation in a highly conserved amino acid that was 

predicted to be deleterious. Mutation testing confirmed the mutation was present in a homozygous state in all 

affected individuals (12 original cases plus 2 additional). Samples from 102 healthy TMT dogs were also tested. A 

single 8 week old puppy was found to be homozygous for the mutation; this dog was cryptorchid, and thus suspected 

to be subclinically affected. The other 101 dogs were either clear or carriers of the mutation (0.08 mutant allele 

frequency). In summary, we discovered an autosomal recessive mutation in a cardiac potassium channel that is 

associated with a fatal juvenile cardiomyopathy in TMT dogs.  
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Management practices and disease perceptions among Minnesota backyard flock owners following a 
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During the 2015 outbreak of highly pathogenic avian influenza (HPAI) in Minnesota, over 9 million birds, 108 farms 

and 23 counties were affected. The economic impact of the outbreak on the Minnesota economy was estimated to be 

over 650 million US dollars. However, only one of the 108 infected farms was a backyard flock. Understanding 

factors that may affect disease transmission and control among backyard flocks would be beneficial in defining 

disease risk and prevention strategies amidst a possible future outbreak. The objective of this study was to better 

understand flock management and biosecurity practices, environmental exposures, and owner knowledge of poultry 

diseases as well as evaluate owner perceptions surrounding HPAI. A survey was designed, based on factors 

evaluated in previous studies as well as topics believed to be important in disease transmission. A convenience 

sample of 232 backyard flocks in Minnesota was selected from a list of registered egg and poultry producers. A forty

-seven-question survey was sent by email to the selected sample. 48 poultry owners responded, for a response rate of 

20.7%. The preliminary results indicated that 52.2% (24/46) of owners believed they had adequate biosecurity 

measures in place to prevent HPAI. Interestingly, 34.8% (16/46) were not concerned about HPAI when asked about 

biosecurity. Few biosecurity measures had been changed by flock owners since the 2015 HPAI outbreak with only 

22.2% (10/45) of owners making adjustments. The most common change described was limiting visitor access. This 

data suggested that education efforts might be warranted for backyard flock producers to raise awareness and 

understanding of biosecurity practices in relation to diseases such as HPAI.  
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Fish are ecologically and economically important to the State of Minnesota. They are a source of food, provide 

recreational value, and studying them helps us to better understand the health of our environment. Fish kills – 

defined here as a die-off of more than five fish with similar signs, in close proximity, and over a short period of time 

– are, unfortunately, common events in Minnesota, but limited research has been conducted to determine the causes 

of these kills. Within the last four years, reporting systems and protocols have been significantly updated to better 

record and investigate fish kills across the state. Due to these advances in reporting, recording, and organizing the 

information from the kills, a risk map was able to be developed. It was hypothesized that fish kills in Minnesota are 

randomly occurring events in space and time. Using QGIS, ArcGIS, and Maxent technologies, remote sensing 

variables explaining land use, climate, bathymetry, and human density were analyzed, and their relationships to fish 

kills were determined. It was found that the average and standard deviation of night temperature, cropland, and 

human density were all highly associated with fish kills, suggesting that climate and anthropogenic disturbances 

could be linked to this phenomenon. A risk map of fish kills in Minnesota was developed to visualize this analysis to 

allow future conservation officials to better understand the conditions associated with fish kills, and to guide 

mitigation and surveillance efforts to prevent future fish kills.  
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Evasion of phagocytosis is a common survival strategy that allows malignant cells to prevent elimination by the 

immune system. CD47 blockade to impair “don’t eat me signals” and chemotherapeutic upregulation of known “eat 

me signals” such as calreticulin (CRT) and phosphatidylserine (PS) represent potential strategies to enhance the anti-

tumor immune response. The pathways by which melanomas evade phagocytosis are incompletely understood. 

Previous studies in the lab showed that neither CD47 blockade nor upregulation of CRT and PS using chemotherapy 

were able to enhance macrophage-mediated phagocytosis of melanoma cells from humans, mice and dogs. This 

resistance was not observed in lymphoma cells from humans, mice or dogs, or in other solid tumors such as canine 

osteosarcoma, feline mammary adenocarcinoma, mouse Lewis lung carcinoma or human colon carcinoma, 

suggesting that melanomas possess a unique and uncharacterized resistance to phagocytosis. Our working hypothesis 

is that the peculiar resistance to phagocytosis of melanomas is due to the expression of a heretofore uncharacterized 

“don’t eat me” signal on the cell surface. We designed a siRNA panel containing 48 genes whose protein products 

are expressed on the cell surface of melanoma cells. We will report our results of how knockdown of these proteins 

through RNA interference affects macrophage-mediated phagocytosis of melanoma cells.  
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The health and growth of calves is important to dairy producers as calves represent the future of the dairy operation. 

One contributing factor to this is the volume of milk calves receive throughout the pre-weaning period. Benefits such 

as enhanced immune response, increased growth rate, increased first lactation milk production and improved 

resistance to diarrheal pathogens have been observed in calves fed increased levels of milk. The objective of this 

randomized clinical trial is to investigate the effect of offering a more liberal milk supply from day 1 on calf health 

and growth, as compared to slowly increasing the milk allowance over a 1-2 week period. We hypothesize that 

calves allowed to drink more milk from day 1 will grow faster and be healthier during the pre-weaning period as 

compared to calves on a traditional ramp up program. This randomized clinical trial was conducted on 5 MN dairy 

farms. Newborn calves were weighed at birth, and then randomly assigned to either the control group (standard ramp

-up program) or the treated group (liberal milk allowance). Farms were then visited weekly. Blood samples were 

collected at week 1 to measure serum total proteins (g/dL). Calf health was measured through weekly health scores 

(w1-w3) and producer reported treatment events. Growth was measured through the collection of hip heights 

(w1,3,7) and body weight (birth, w3). Calves exited the study at weaning. A total of 463 calves have been enrolled to 

date (n=258 treated; n=205 control). Enrolled calves have an average birth weight of 38.8 kg (range: 24.9-57.2) and 

an average STP of 5.74 g/dL (range: 4.1-8). Data collection concluded in late August, with analysis to follow.  
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Natural Killer (NK) cells are cytotoxic lymphocytes of the innate immune system that target tumors and virally 

infected cells. Unlike other lymphocytes, such as T cells, NK cells are able to kill target cells without prior 

sensitization. NK cell stimulation occurs when the balance of signals from activating and inhibitory receptors on 

their surface is tipped towards activation. NKp46, also referred to as CD335, is a cell receptor expressed at high 

levels on NK cells, which in humans is encoded by the natural cytotoxicity triggering receptor 1 (NCR1) gene. 

NKp46 is one of several receptors that play a key role in activating NK cells. It is known that the cell surface levels 

of NKp46 can be down-regulated by a metalloprotease upon NK cell activation. The objective of this project is to 

better understand the underlying mechanism responsible for NKp46 down-regulation. In our initial activation assays, 

we found that the nonspecific activating agent PMA induced the down-regulation of NKp46 from the surface of 

human NK cells, but not the expression of NK2GD, another important activating receptor expressed by these cells. 

When NK cells were initially treated with a selective ADAM17 inhibitor, this blocked the down-regulation of 

NKp46 upon NK cell activation. Use of an ADAM10 inhibitor had no effect on NKp46 regulation. ADAM10 and 

ADAM17 are very similar metalloproteases known to cleave various cell surface receptors on leukocytes. Our 

findings thus far suggest that ADAM17, but not ADAM10, has a critical role in down-regulating NKp46 by a 

cleavage process following NK cell stimulation. We are currently looking at different physiologically relevant 

stimuli of NK cells, as well as NKp46 on canine NK cells. By understanding the underlying mechanism by which 

NKp46 is down-regulated upon NK cell activation it may be possible to block this process to enhance NK cell 

killing of cancer and virally infected cells.   
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Polysaccharide storage myopathy (PSSM1) is a form of exertional rhabdomyolysis (ER) caused by a dominant gain 

of function R309H mutation in glycogen synthase 1. Penetrance is impacted by genotype, diet, exercise and, we 

hypothesized, genomic imprinting, an epigenetic phenomenon in which expression of certain genes is impacted by 

parent of origin. Imprinting might explain reports from stallion owners that offspring inheriting the R309H allele (P) 

paternally have few signs of ER. The first objective was a retrospective study to determine the frequency of paternal 

vs maternal inheritance of the P allele in PSSM1 Quarter Horses (QH) with ER. The second objective was a 

prospective study of offspring of an asymptomatic heterozygous (PN) stallion to determine if a paternal P allele 

impacted development of ER and glycogen storage. In the retrospective study, 48 AQHA registered PN QHs with a 

history of ER were identified from our Neuromuscular Diagnostic Laboratory database and paternal genotype was 

found in AQHA records. In the prospective study, plasma CK activity, PSSM1 genotype, muscle glycogen 

concentration and histopathology scores were determined in 10 NN dams and 10 PN and 12 NN offspring of the 

same asymptomatic PN sire. The retrospective study found that in PSSM1 horses with ER the P allele was inherited 

more often from the dam (36/48; 75%) than sire (12/48 25%, p =0.0005). In the prospective study no offspring of the 

asymptomatic sire exhibited ER but PN offspring had higher post-exercise CK (PN 624.1 ± 78.9; NN 433.1 ± 114.7 

u/l), glycogen (PN 171.6 ± 37.8; NN 122.7 ± 22.6 mmol/kg) and histopathology scores (3.7 ± 1.3; 1.7 ± 0.8) than 

NN offspring. We concluded that signs of ER appear to occur more often with maternal inheritance of the P allele 

suggesting genomic imprinting should be further investigated as a factor impacting PSSM1 penetrance. From the 

prospective study we concluded that inheritance of a P allele is not benign; paternal inheritance resulted in excessive 

glycogen storage and elevated post-exercise plasma CK activity even in asymptomatic horses.    


