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Potential to enhance adaptive anti-melanoma immune responses using CD47 blockade 
Anderson, Katie; Lins, Debra; Ito, Daisuke; Weissman, Irving; Mescher, Matthew; Modiano, Jaime  

Veterinary Clinical Sciences, Masonic Cancer Center, Center for Immunology  
 

We hypothesized that enhancement of tumor cell phagocytosis mediated by CD47 blockade would improve anti-

tumor, adaptive T cell responses. We tested the hypothesis using B16-F10 melanoma and EL-4 thymoma cells 

(syngeneic to H-2b), as well as their ovalbumin (OVA)-expressing derivatives. Our data show that CD47 was 

expressed on both cell lines and their derivatives. CD47 was also expressed on resting CD8+ T cells and was further 

upregulated upon stimulation. Treatment with MIAP-301 reduced expression of CD47 on the cell surface by 

approximately 80%. The susceptibility of EL-4 and B16 cells to phagocytosis by macrophages was dramatically 

different: whereas EL-4 cells were readily phagocytosed by activated J774 mouse macrophages, B16 cells were 

extremely resistant. The latter observation also was true for canine melanoma cells. Small increases in phagocytosis 

of both EL-4 and B16 were observed upon addition of MIAP-301. MIAP-301 did not inhibit activation of CD8+ T 

cells in vitro, and treatment of tumor-bearing (B16) mice with MIAP-301 showed a modest increase in antigen-

specific CD8+ and CD4+ T cells in draining lymph nodes in vivo. This modest increase did not result in increased 

tumor protection in vivo. Overall, our results suggest that attenuation of CD47 expression can enhance phagocytosis, 

and consequently, T cell activation. However, melanomas are resistant to this approach, perhaps because the balance 

of “eat-me” signals is insufficient to promote phagocytosis even when the CD47-dependent “don’t eat me” signal is 

reduced or absent. Our next step is to test if increasing “eat me” signals by calreticulin overexpression or by 

chemotherapy, in combination with CD47 blockade, will improve anti-melanoma immune responses.  
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Shared Dysbiosis between Captive primates and Westernized humans  
Clayton, Jonathan1,2; Knights, Dan1; Huang, Hu1; Long, Ha Thang2,3; Tuan, Bui Van2; Minh, Vo Van4; Travis, 

Dominic1 and Johnson, Timothy1    
1University of Minnesota, Saint Paul, MN, USA, 2GreenViet Biodiversity Conservation Center, Danang, Vietnam, 3Frankfurt 

Zoological Society, Frankfurt, Germany, 4Danang University of Education, Danang, Vietnam   

 

The primate gastrointestinal (GI) tract is home to trillions of bacteria that play major roles in digestion and 

metabolism, immune system development, and pathogen resistance, among other important aspects of host health 

and behavior. GI and autoimmune diseases such as obesity, diabetes, Crohn’s disease, and ulcerative colitis, all 

correlated with shifts in microbiome composition, have been dramatically on the rise globally for at least the last 50 

years. The Human Microbiome Project was established with the goal of better understanding the role microbial 

communities play in health and disease. While the research community has made substantial progress in 

understanding the role microbial communities play in human health and disease, much less attention has been given 

to host-associated microbiomes in nonhuman primates (NHPs). In an effort to bridge this gap, we have begun 

exploring host-associated microbiomes in NHPs, including red-shanked doucs (Pygathrix nemaeus). Red-shanked 

doucs possess a specialized GI system similar to ruminants. Maintenance of captive red-shanked doucs has been 

largely unsuccessful. Improving captive conditions is hindered by critical gaps in our understanding of their natural 

diet and the enteric microbial adaptations that facilitate the digestive process. We used the douc as a model system to 

study the relationships between dietary composition and microbial community activity within the GI tract. Fecal 

samples were collected from wild and captive red-shanked doucs between 2012-2013. We measured gut microbiome 

composition using 16S rRNA sequencing. Statistical analyses were performed to identify correlations between diet, 

gut microbiome, and animal status (captive vs. wild). We identified microbial biomarkers of douc nutritional health. 

We hypothesize that captivity causes doucs to shift to severe gut dysbiosis, thereby resulting in GI issues, and we 

can use the douc as a model organism to study what is happening to the human gut microbiome in highly 

westernized countries like the USA, and also in humans over time.  

Comparative Medicine Signature Program 
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MicroRNA regulation of CD38 and chemokine genes in human airway smooth muscle cells 
Dileepan, Mythili1; Jude, A Joseph2; Rao, P Savita1; Walseth, F Timothy3; Panettieri, A Reynold2; Subramanian, 

Subbaya4 and Kannan, S Mathur1  
1Department of Veterinary and Biomedical Sciences, College of Veterinary Medicine, 1971 Commonwealth Avenue, St. Paul 55108, MN, USA 
2University of Pennsylvania Medical Center, Pulmonary, Allergy, & Critical Care Division, Translational Research Laboratories (TRL), 125 

South 31st Street, TRL Suite 1200, Philadelphia 19104-3413, PA, USA 3Department of Pharmacology, 3-132 BS and BE, 312 Church St SE, 

Minneapolis 55455, MN, USA 4Department of Surgery, University of Minnesota, 11-212 Moos Tower (Mail code: MMC 195), 515 Delaware 

St, S.E, Minneapolis 55455, MN, USA     

 

CD38 is a transmembrane protein expressed in many cell types including airway smooth muscle cells (ASM). ASM 

cells contribute to the pathophysiology of asthma through secreting inflammatory mediators and contracting airways. 

CD38 expressed in ASM cells controls airway contractility through [Ca++]i regulation. TNF-α, a pro-inflammatory 

cytokine induces the expression of CD38 transcriptionally through signaling pathways MAPK and PI3K and 

transcription factors NF-κB and AP-1. Since there is a scarcity of information in the post transcriptional regulation 

of CD38, we investigated the role of miRNA, a post transcriptional gene regulator, in CD38 expression. Because 

miRNAs target multiple genes we investigated the status of genes in MAPK and PI3K pathways and release of 

chemokines that sustain airway inflammation, following miRNA over-expression. Short list of miRNAs was made 

using algorithms and their expressions in the ASM cells were quantified by qPCR in TNF-α or vehicle treated 

conditions. MiRNAs miR-708 and miR-140-3p showed ct value below 34 and were selected for further studies. 

HASM cells were transfected with mimics or controls of selected miRNAs and induced with TNF-α. Total RNA or 

proteins were extracted from cell lysates. Changes in gene expression were quantified at mRNA level by q-PCR and 

at protein level by western blots or reverse cyclase assay (CD38) or ELISA (chemokine release). Luc-reporter assay 

was used to confirm the specificity of miRNA-binding to target-site. Results show that both miRNAs directly 

regulate the expression of CD38 by binding to CD38-3’UTR. Indirect regulation of CD38 by miR-708 involves 

inactivation of JNK MAPK and Akt and increased expression of their phosphatases MKP-1 and PTEN respectively 

and miR-140-3p involves inactivation of p38 MAPK and NF-κB. Over-expression of ASM cells with miR-708 and 

miR-140-3p decreases the release of chemokines CCL11 and CXCL12 respectively. Current study reveals that 

miRNAs miR-708 and miR-140-3p have therapeutic potential in controlling airway hyperrersponsiveness and 

inflammation of asthma.  
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Pirfenidone reduces chronic graft versus disease in murine model 
Du, Jing; Flynn, Ryan; Goodman, Katelyn; Schacker, Timothy W; Blazar, Bruce R.   

College of Veterinary Medicine, University of Minnesota 

Masonic Cancer Center and Department of Pediatrics, University of Minnesota.   
 

Background: Chronic graft versus host disease (cGVHD) is a major complication of allogeneic hematopoietic stem 

cell transplantations. Pathology of cGVHD is characterized by chronic inflammation, antibody deposition and 

fibrosis. A pathognomonic symptom of cGVHD is bronchiolitis obliterans (BO), which is characterized by airway 

fibroproliferative response. Pirfenidone is an orally active small molecule that has shown beneficial effect for the 

treatment of idiopathic pulmonary fibrosis. Using a murine model of cGVHD that is dependent on antibody 

production following germinal center (GC) reactions we evaluated pirfenidone therapy during cGVHD.  

 

Method: Conditioned B10.BR (H2K) mice were transplanted with B6 (H2B) bone marrow with or without 

0.75x10e5 purified T cells (cGVHD mice or healthy control mice, respectively). Mice with cGVHD were treated 

with 400 mg/kg pirfenidone or vehicle starting 28 days after transplantation. On day 56 pulmonary functional was 

obtained by whole body plethysmography and tissues were evaluated for pathology.  

 

Result: cGVHD mice treated with pirfenidone had significantly improved pulmonary function and decreased 

collagen deposition in lung (64%), liver (45%) and colon (37%) contrary to cGVHD controls. The pirfenidone 

treated mice had a significant decrease in the frequency of GC B cells (35%), size of GC (34%) and number of GCs 

(35%) in the spleen compared to cGVHD vehicle treated mice. In addition, there was a significant decrease in 

macrophages infiltration and TGF-β production in lungs of pirfenidone treated mice in contrast to the cGVHD mice. 

(Numbers in parentheses indicate percentage decrease)  

 

Conclusion: Pirfenidone treatment improves pulmonary function of cGVHD mice and reduces fibrosis in multiple 

organs. The anti-fibrotic effect of Pirfenidone is potentially through the inhibition of macrophage infiltration, TGF-β 

production and germinal center reaction.  
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Gene transfer mediated by sciatic nerve delivery of AAV5-GFP and AAV5-VGF vectors 
Dykstra, Jaclyn A1; Riedl, Maureen S2; Kitto, Kelley F2; Lin, Wei-Jye4; Salton, Stephen R4; Fairbanks, Carolyn A.3; 

Vulchanova, Lucy2 

1Department of Veterinary and Biomedical Sciences, University of Minnesota, Saint Paul, MN , 2Department of Neuroscience, 

University of Minnesota, Minneapolis, MN, 3Department of Pharmaceutics, University of Minnesota, Minneapolis, MN  
4Department of Neuroscience, Icahn School of Medicine at Mount Sinai, New York, NY     

 

VGF is a granin-related neuropeptide precursor implicated in spinal nociceptive signaling and the establishment of 

chronic pain. To determine whether increased expression of VGF in dorsal root ganglion (DRG) neurons is sufficient 

for induction of hypersensitivity, we sought to overexpress VGF using a viral vector-mediated approach. Adeno-

associated virus serotype 5 (AAV5) vectors have been shown to target DRG neurons following intrathecal injection. 

However, this route of delivery also results in transduction within several supra-spinal structures, including choroid 

plexus, hippocampus, and olfactory bulb. Since VGF peptides have been demonstrated to modulate hippocampal 

neuroplasticity and behavioral measures of depression, evaluation of hypersensitivity following overexpression of 

intrathecally delivered AAV5-VGF may be confounded by supra-spinal transduction. Based on efficient gene 

transfer to DRG neurons using intraneural administration of AAV6 vectors, we hypothesized that sciatic nerve 

injection of AAV5-GFP and AAV5-VGF in rats would result in transgene overexpression that is restricted to DRG 

neurons. Immunohistochemical analysis of GFP expression revealed low levels of transduction (~1%) in DRG 

neurons, limited labeling in spinal cord, and absence of supra-spinal labeling. Substantial GFP immunoreactivity (-

ir) was evident in the sciatic nerve in the area of the injection site, mainly in Schwann cells and perineural 

connective tissue. AAV5-driven expression of VGF could not be discriminated immunohistochemically from 

endogenous protein in DRG, however in sciatic nerve the pattern of VGF-ir was similar to GFP-ir. A trend towards 

mechanical hypersensitivity was noted in AAV5-VGF treated rats with an onset at 2 weeks post-injection and in 

AAV5-GFP treated rats following 4 weeks after injection. These results indicate that access of AAV5 vectors to 

sensory neurons following intraneural injection is limited and that transduction of non-neuronal elements in the 

nerve may contribute to altered mechanical sensitivity.  
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Deficiency of Galectin-1 leads to increased eosinophilia and airway inflammation in allergen-exposed 

mice  
Ge, Xiao Na; Ha, Sung Gil; Rao, Amrita; Greenberg, Yana; Bastan, Idil;  

Rabinovich, Gabriel A.; Rao, Savita P.; Sriramarao, P.  
Veterinary and Biomedical Sciences and  

Institute of Biology and Experimental Medicine, Buenos Aires- ARGENTINA (for Rabinovich, Gabriel A.)  

 

Eosinophil (Eos) recruitment to the inflamed lung tissue is a critical early step in the development of allergic airway 

inflammation, which is followed by cellular activation and eventually degranulation and/or apoptosis at the site of 

inflammation. Galectin-1 (Gal-1) is a β-galactoside-binding lectin expressed by various cells that can be found in the 

nucleus, cytoplasm as well as the extracellular space, and is known to induce apoptosis in different cell types by 

binding to cell surface carbohydrates. Here, we report a novel function for Gal-1 in regulation of Eos recruitment and 

survival in a murine model of allergen [ovalbumin (OVA)]-induced airway inflammation. We demonstrate that 

murine Eos express various cell surface glycans that can bind to Gal-1. Further, bone marrow (BM)-derived Eos and 

bronchoalveolar lavage fluid (BALF) Eos were found to express Gal-1 in the cytoplasm and nucleus but not on the 

cell surface and do not secrete Gal-1. Expression of Gal-1 was induced in the lungs of acute OVA-challenged wild 

type (WT) mice, which was further elevated after chronic OVA exposure. Persistent Gal-1 expression in OVA-

challenged lungs correlated inversely with the number of inflammatory cells in the BALF. Accordingly, OVA 

challenged Gal-1 deficient (Gal-1-/-) mice exhibited increased Eos in the airways, bone marrow and peripheral blood 

as well as elevated airway hyperreactivity compared to WT mice. While allergen-induced IL-5 and eotaxin-1 levels 

in the lungs were similar in both groups of mice, expression of TNF-α was significantly higher in OVA-challenged 

Gal-1-/- mice. Based on Annexin V staining, at a cellular level, Gal-1-/- Eos were more resistant to Gal-1- induced 

apoptosis compared to WT Eos. Overall, these studies suggest that Gal-1 may play an anti-inflammatory role via 

suppression of eosinophilia by inducing apoptosis of inflammatory cells, including Eos, as well as inhibition of the 

release of pro-inflammatory cytokines such as TNF-α, thus down-modulating the severity of airway inflammation.  
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Evaluation of commercial ELISA and RIA for measuring porcine C-peptide: implications for 

research 
Graham ML1,2; Gresch SC2; Hardy SK2; Mutch LA1; Janecek JL1; Hegstad-Davies RL2  

1Department of Surgery, University of Minnesota, St. Paul, Minnesota, USA  
2Veterinary Population Medicine Department, University of Minnesota, St. Paul, Minnesota, USA  

 

Preclinical demonstration of porcine islet graft function is necessary to support the clinical transplantation of pig 

islets. To measure porcine C-peptide (PCP), researchers in the field exclusively used the Millipore 

radioimmunoassay (RIA) until 2011, when Mercodia released an alternative enzyme-linked immunosorbent 

assay (ELISA). To directly compare these 2 assays we performed validation studies and interlaboratory comparisons. 

A method comparison was also performed by determining PCP concentration in 60 serum samples collected from 31 

healthy pigs in the fasting state; a subset underwent an intravenous glucose challenge test to stimulate the 

physiologic range of C-peptide. Validation acceptance criteria were met for both assays. The RIA had a detection 

limit of 0.07 ng/mL and a sensitivity of 0.1 ng/mL; it was linear to 2.9 ng/mL. The ELISA had a detection limit of 

0.03 ng/mL and a sensitivity of 0.05 ng/mL; it was linear to 1.2 ng/mL. Recovery ranged from 93% to 110% in both 

assays. The CV was 8% in interlaboratory comparisons. Deming regression analysis directly comparing both assays 

revealed significant correlation between them (before log-transformation: R2 = 0.9803, P < 0.0001; after log-

transformation: R2 = 0.9727, P < 0.0001). Measured PCP concentration was lower with the ELISA than with the 

RIA and variability from the mean strongly depended on increasing concentration. Both the transformed and log-

transformed ELISA values approximated the measured RIA levels with a high degree of accuracy (in the range of 0 

to 1.0 ng/mL). PCP concentration can be reliably measured in porcine serum samples with either assay. However, 

the PCP results generated by these 2 assays are not equivalent and assay bias must be considered before comparing 

preclinical studies that used either of these assays. Harmonization between the assays is appropriate in the defined 

range of the assay; we do not know whether a linear correction function can be more broadly applied outside of that 

range. To determine which assay is truly more accurate a traceable reference standard is needed.   

CM-8 

GU-rich element-containing transcripts are differentially regulated through alternative 

ployadenylation and CELF1 phosphorylation following T cell activation 
Guo, Liang; Beisang, Daniel; Moua, Mai Lee; St. Louis, Irina; Bohjanen, Paul      

Department of Medicine, Center for Infectious Diseases and Microbiology Translational Research, University of Minnesota    

 

The RNA-binding protein, CELF1, regulates the destabilization of a network of mRNA transcripts though binding to 

GU-rich elements (GREs) in their 3’untranslated regions (3’UTRs). In primary human T cells, GREs and CELF1 

control a posttranscriptional network of transcripts that encode regulators of cell growth and apoptosis. To 

characterize the components of this network, we immunoprecipitated CELF1 from resting T cell cytoplasmic 

extracts, and CELF1-associated mRNAs were analyzed by microarray. Approximately 1200 CELF1 target 

transcripts were identified, and they exhibited significant enrichment of GREs in their 3’UTRs.  

 

CELF1 target transcript subsets exhibited distinct expression patterns following T cell activation. We hypothesized 

that GRE-mediated mRNA decay played an important role in the rapid coordinated down-regulation of transcripts 

that control cell growth and apoptosis in the first hours following T cell activation, but more complex mechanisms 

were involved at later time points. We found transient stimulus-dependent phosphorylation of CELF1 6 h following 

T cell activation blocked its ability to bind to GRE-containing mRNAs, which correlated with transiently increased 

expression of these transcripts. Subsequent dephosphorylation of CELF1 restored its ability to bind to target 

transcripts and mediate their decay.  

 

In addition, we showed using next-generation RNA sequencing technology that a large subset of GRE-containing 

transcripts were shortened in activated T cells through alternative polyadenylation (APA), resulting in loss of GREs 

from these transcripts, which rendered them inaccessible to CELF1-mediated regulation following T cell activation.  

 

These results suggest that GRE-containing CELF1 target transcripts are differentially regulated through CELF1 

phosphorylation and APA following T cell activation.   
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MicroRNA regulation of asthma-susceptibility ORMDL3 gene expression in eosinophils and 

epithelial cells  
Ha, Sung Gil; Dileepan, Mythili; Ge, Xiao Na; Rao, Savita P.; Kannan, Mathur S.; Sriramarao, P.  

Veterinary and Biomedical Sciences  

 

Multiple genome-wide studies have identified Orosomucoid (yeast)-Like protein isoform 3 (ORMDL3) as a 

candidate asthma-susceptibility gene strongly associated with childhood and adult asthma. We recently demonstrated 

that ORMDL3 expression is induced in the lungs of allergen-challenged mice where it is largely associated with 

inflammatory cells, including eosinophils (Eos), and epithelial cells (EpC). Further, we showed that ORMDL3 

promotes Eos trafficking and activation/degranulation via regulation of integrins and CD48, respectively. However, 

the mechanisms by which the ORMDL3 gene is regulated within cells is not known. Recent studies have 

demonstrated a role for micro RNAs (miRNA) in the regulation of gene expression and in disease pathogenesis. 

miRNAs are small, single-stranded non-coding RNAs that bind to the 3’ untranslated regions (UTRs) of specific 

target mRNAs resulting in target mRNA degradation and/or repression of protein translation. MicroRNA-140-3p 

(miR-140-3p) is known to regulate expression of CD38, a membrane protein of airway smooth muscle (ASM) cells 

which plays a role in ASM contractility in asthma. Based on miRNA target prediction data bases, miR-140-3p has 

two predicted 7-mer binding sites in the 3’-UTR of the human ORMDL3 transcript. We hypothesized that this 

miRNA can regulate ORMDL3 gene expression in Eos and EpC. qPCR studies showed that murine Eos as well as 

human and mouse EpC (A549 and MLE12) express miR-140-3p. Transfection of Eos and MLE-12 EpC with a 

mimic of miR-140-3p but not control miRNA resulted in decreased ORMDL3 expression by PCR and confocal 

microscopy without drastically affecting cell viability. Exposure of Eos to IL-3 inhibited miR-140-3p expression. In 

contrast, increased expression of ORMDL3 mRNA was observed in lungs of miR-140-3p knockout mice exposed to 

IL-13. These studies suggest that miR-140-3p and potentially other miRNAs that interact with the 3’UTR of the 

ORMDL3 gene may play a potential role in regulating ORMDL3 gene expression in Eos and EpC during the 

pathogenesis of allergic asthma.  
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CXCL12 binding to CXCR4 regulates canine hemangiosarcoma cell migration and invasion  
Im KeumSoon; Graef Ashley J.;,Kim Jong-Hyuk; Modiano Jaime F.  

Department of Veterinary Clinical Sciences, College of Veterinary Medicine, University of Minnesota, St. Paul, MN, USA, 

Masonic Cancer Center, University of Minnesota, Minneapolis, MN, USA.  

 

Canine hemangiosarcoma (HSA) is a common, very aggressive and fatal disease of dogs. Because of the highly 

metastatic nature of HSA, many studies have attempted to establish a mechanism of invasion regionally and 

metastasis to distant organs. CXCL12 and its receptor CXCR4 play an important role in cell proliferation, migration, 

invasion, metastasis and angiogenesis in various human cancers. Here, we investigated the role of CXCL12 and 

CXCR4 in canine HSA migration and invasion. Microarray and RNA-seq data show that CXCL12 and CXCR4 

genes are expressed constitutively in HSA. According to Ingenuity Pathway Analysis, high expression of CXCL12 

was associated with hematological system development and cell movement. Therefore, we hypothesized that the 

interaction between CXCL12 and CXCR4 is important in regulating HSA cell migration and invasion. We measured 

CXCR4 protein expression on the cell surface in four HSA cell lines including SPAR, DD1, Emma and JLU. 

Surface expression of CXCR4 was variable within each cell line as well as among the cell lines. To confirm the 

conservation of calcium-dependent signal of CXCL12 binding to CXCR4, calcium mobilization assays were 

performed. Cytosolic free calcium level increased after stimulating with CXCL12 and decreased after blocking with 

AMD3100, a CXCR4 antagonist. Wound healing scratch assays showed CXCL12 caused a significant increase in 

the migration ability of SPAR, DD1 and Emma. Blocking with AMD3100 inhibited CXCL12-induced cell 

migration. Invasion assays with basement membrane extract coated transmembrane were also similar with migration 

assay. CXCL12 strongly attracted HSA cells to invade matrix while AMD3100 blocked cell invasion into the 

membrane. These results suggest that CXCL12 mediated by its receptor, CXCR4, activates HSA cell migration and 

invasion. Therefore, inhibition of the interaction between CXCL12 and CXCR4 is one strategy for preventing canine 

HSA metastasis.  



CM-11 

Disrupting CD16 shedding to augment the anti-tumor response of leukocytes  
Jing, Yawu; Ni, Zhenya; Wu, Jianming; Kaufman, Dan S.; and Walcheck, Bruce 

University of Minnesota   

 

Targeted immunotherapy with monoclonal antibodies (mAbs) has become critical for the successful treatment of 

many forms of cancer. Antibody-dependent cell cytotoxicity (ADCC) by Natural Killer (NK) cells is a major 

mechanism in the anti-cancer effects of mAbs. Interest in neutrophils recognizing tumor bound mAbs has increased 

as well, in part, because these leukocytes perform several effector functions dependent on antibodies. Fc gamma 

receptors (FcγR) expressed on leukocytes are able to recognize therapeutic mAbs attached to tumor cells, resulting in 

cell activation and tumor cell killing. FcγRIII (CD16) exists in two isoforms encoded by two highly homologous 

genes. FcγRIIIa (CD16a) is a transmembrane protein expressed by NK cells that is critical for ADCC. FcγRIIIb 

(CD16b) is a GPI-linked protein expressed exclusively by neutrophils. Upon cell activation, both forms of CD16 

undergo ectodomain shedding from the cell surface, resulting in their rapid down-regulation in expression, which is 

associated with impaired antibody recognition. We demonstrate for the first time that the membrane-associated 

metalloprotease ADAM17 plays a critical role in cleaving CD16a and CD16b upon cell activation. We hypothesize 

that blocking CD16 shedding will enhance the anti-cancer activity of neutrophils and NK cells in the presence of 

therapeutic mAbs. Using mass spec on cleaved CD16a and CD16b from activated NK cells and neutrophils, 

respectively, we have determined the ADAM17 cleavage sites in CD16. After exchanging amino acids at the 

cleavage region by site-directed mutagenesis, CD16a and CD16b shedding was disrupted. The stable expression of 

the non-cleavable version of CD16a in a NK cell line resulted in greater cell activation and tumor cell killing by 

ADCC. Our goal is to express non-cleavable CD16 in genetically modified leukocytes derived from human 

pluripotent stem cells to enhance their performance in combination with therapeutic mAbs.  
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SMURF1 Inhibition Reduces Cancer Stem Cell-Like Population in Head and Neck Squamous Cell 

Carcinoma  
Khammanivong, Ali; Gopalakrishnan, Raj; and Dickerson, Erin 

Veterinary Clinical Science; Department of Diagnostic and Biological Sciences; Masonic Cancer Center.   

 

Cancer stem cells (CSCs) possess capabilities for long-term survival (quiescence), self-renewal, and tumor initiation 

thought to be responsible for drug resistance and treatment failures for many malignancies, including head and neck 

squamous cell carcinoma (HNSCC). Previously, we showed that the activity of bone morphogenetic protein (BMP), 

a key regulator of cell differentiation, proliferation, migration, and apoptosis, is inhibited in CSC-like populations 

enriched from HNSCC cell lines. In contrast, the BMP signaling inhibitor SMAD specific E3 ubiquitin protein ligase 

1 (SMURF1) and CD44, a marker of CSCs, were upregulated.  

Objectives: In this study, we characterized the role of SMURF1 for CSC maintenance and growth and identified a 

population of cells regulated by SMURF1.  

Methods: We generated a stable knockdown of SMURF1 expression in CSC-like populations (sphere-derived in 

serum-free suspension culture) using a lentivirus delivered shRNA interference construct. Long-term colony 

formation and Calcein AM dye efflux assays were performed to assess CSC maintenance and growth in the presence 

of 10% FBS.  

Results: Knockdown of SMURF1 expression by shRNA reduced viability and colony formation of CSC-like cells 

grown in three-dimensional culture. Furthermore, reduced SMURF1 expression diminished the number of cells 

capable of dye efflux and decreased CD44 expression (CD44-high) in a select cell population.  

Conclusion: We interpret our data to suggest that SMURF1 inhibition of BMP signaling potentiates the long-term 

survival of HNSCC CSCs. Reduced dye efflux and the number of CD44-high cells suggests decreased maintenance 

of CSC-like populations along with an increased potential for differentiation. Targeting SMURF1 may provide a 

long-term benefit for HNSCC treatment to reduce resistant CSC populations and disease recurrence. This study was 

supported by NIH R01-AR056642 (RG) and Academic Health Center Seed (EBD) grants.  
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Targeting energy metabolism for the treatment of feline oral cancer  
Khammanivong A1; Emery A1; O'Brien TD2: Drewes LR3: Dickerson EB1  

1Veterinary Clinical Sciences, 2Veterinary Population Medicine, 3Biomedical Sciences Medical School Duluth   

 

Oral squamous cell carcinoma (OSCC) is a common and often lethal diagnosis in cats. Recent studies in human 

OSCC indicate that increased expression of the monocarboxylate transporters 1 and 4 (MCT1, MCT4), which 

regulate the transport of glycolytic metabolites, are associated with poor survival outcomes, drug resistance, and 

metastases. In this model, highly proliferative epithelial cells utilize lactate, which is taken up through MCT1, to 

drive oxidative phosphorylation and tumor growth. Other non-proliferating carcinoma cells express MCT4, take up 

glucose for ATP generation, and generate high levels of lactate to then “feed” the highly proliferative epithelial cells. 

In this way, oral tumors use “metabolic symbiosis” to promote tumor growth. Thus, inhibition of MCT1 and/or 

MCT4 activity might present a way to metabolically target oral cancers. We now possess evidence that MCT1 and 

MCT4 are expressed by feline OSCC in feline OSCC cells lines and tumors. We also show that a small molecular 

inhibitor (MD-1) developed against MCT1/MCT4 inhibits the viability of several human and feline OSCC cell lines, 

although not all responded equally and some lines were resistant to the inhibitor despite MCT1 and MCT4 

expression. Sensitivity of the cell lines to MD-1 was not altered under hypoxic growth conditions even though 

hypoxia has been shown to decrease the expression of MCT1 and simultaneously increase the expression of MCT4 

in human cell lines. Our preliminary data suggest that the resistance to MD-1 may be due to the altered metabolic 

processes utilized by the different cell lines. Studies are ongoing to determine if altered metabolic processes exist 

between OSCC cell lines, and if disrupting these processes alter the response to MD-1.  
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Discovery and pathogenic significance of chromosome translocations in canine hemangiosarcoma  
Kim, Jong-Hyuk1,2, Sarver, Aaron2, Yoon, Una3, Graef, Ashley1,2, Im, KeumSoon1,2, Breen, Matthew4,5,  

Lindblad-Toh, Kerstin6,7, Modiano, Jaime F.1,2,8  
1Dept. of Veterinary Clinical Sciences, College of Veterinary Medicine, University of Minnesota, Saint Paul, MN, USA, 

2Masonic Cancer Center, University of Minnesota, Minneapolis, MN, USA, 3School of Statistics, College of Liberal Art, 4Dept. 

of Molecular Biomedical Sciences, College of Veterinary Medicine, North Carolina State University and 5Cancer Genetics 

Program, University of North Carolina Lineberger Comprehensive Cancer Center, Raleigh, NC, USA, 6Broad Institute of MIT 

and Harvard, Cambridge, MA, USA, 7Science for Life Laboratory, Dept. of Medical Biochemistry and Microbiology, Uppsala 

University, Uppsala, Sweden, 8Stem Cell Institute, University of Minnesota, Minneapolis, MN, USA    

 

Chromosomal translocation is known to be critical characteristics in the pathogenesis of sarcomas. Hemangiosarcom 

(HSA) is a common, aggressive, and fatal disease that is more prevalent in dogs than any other domestic species. 

Novel findings from our lab have recently reported the existence of molecular subtypes of HSA that are 

characterized by angiogenic, inflammatory, and adipogenic signatures; however, the molecular and pathogenetic 

features still remain to be elucidated in canine HSA. The aims of this study are to characterize the significance of 

these genetic aberrations and their influence on the biological behavior in associated with molecular subtypes in 

HSA. We generated a dataset of next generation, deep RNA-seq from 51 cases of spontaneous canine HSA. We have 

used several bioinformatics algorithms such as deFuse and Trinity to describe potential fusion events in HSA. 

Among 105 and 434 inter- and intra-chromosomal fusion events from the analyses, we filtered out significant 172 

inter-chromosomal translocations distributed within a range of 1-10 per chromosome by running them through 

Common Insertion Site (CIS) software. In addition, our RNA-seq datasets allowed us to identify inter-chromosomal 

fusion events that are significantly associated with HSA molecular subtypes. These data provide the basis for 

validation of these recurrent fusion events in additional samples, as well as to define their function using in vitro 

models (HSA cell lines).  
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Role of INF- γ in macrophage-mediated suppression of neural stem cell proliferation  
Lee, Samantha; Rotschafer, Jessica; Cheeran, Maxim 

Veterinary Population Medicine 

 

Macrophages are white blood cells responsible for responding to foreign or dead cells in the human immune system. 

Using in-vitro macrophage cultures from mice, we asked what role INF- γ plays in macrophage-mediated 

suppression of neural stem cell (NSC) proliferation. NSCs have been shown to help repair injured brains. 

Macrophages lie on a spectrum of M1 (classically-activated) and M2 (alternatively-activated) phenotypes. M1 

“killer” macrophages have been determined to be activated by the chemokines LPS and IFN-γ, secrete IL-12 and IL-

10, and cause suppression of neural stem cell (NSC) proliferation. The hypothesis of this experiment was that IFN-G 

alone directs the polarization of macrophages to produce factors that suppress NSC proliferation. Polarization of 

macrophages was determined by analyzing subpopulations of cells with CD11b, CD86, CD206, MHC-II, and Ly6C 

using flow cytometry. Real time q-PCR was used to determine levels of chemokine expression in wild-type and IFN- 

γ R1 knockout murine macrophages. Supernatants of M1 macrophages treated with stimulants are applied to NSCs 

to measure their effects on proliferation. More experiments must be done to fully understand the consequences of the 

presence of IFN- γ on NSC proliferation. A full portrait of the part macrophages play in the human body may lead to 

a clinical cure for detrimental brain diseases.  
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Regulation of CXCR2 expression and function by A Disintegrin And Metalloprotease-17 (ADAM17)  
Mishra, Hemant; Long, Chunmei; Bahaie Nooshin; and Walcheck, Bruce  

Department of Veterinary and Biomedical Sciences  

 

The chemokine receptor CXCR2 is expressed at high levels on circulating neutrophils and is critical for directing 

their migration to sites of inflammation. CXCR2 surface levels are rapidly modulated by two mechanisms, cell 

internalization and recycling upon ligand binding and by a metalloprotease activity following overt neutrophil 

activation by non-ligand stimuli. The latter process has only been described in human neutrophils, and essentially 

nothing is known about its functional relevance and the specific protease involved. We show that targeting 

ADAM17 in mouse and human neutrophils blocks CXCR2 down-regulation induced by non-ligand stimuli but not 

by chemokine ligands. This was determined using a selective ADAM17 inhibitor, an ADAM17 function blocking 

antibody, and ADAM17 gene-targeted mice. CXCR2 is known to undergo a marked down-regulation during various 

inflammatory disorders, and this is associated with impaired neutrophil recruitment. We show that blocking 

ADAM17 activity reduced CXCR2 down-regulation on circulating neutrophils and enhanced their recruitment 

during acute inflammation, which was reversed by a CXCR2 inhibitor. In ongoing studies, we are examining the 

functional importance of ADAM17 and its regulation of CXCR2 in sepsis patients and models of sepsis severity. 

Taken together, our findings demonstrate that unlike CXCR2 internalization, ADAM17 induction down-regulates 

the receptor in an irreversible manner and may serve as a master switch in controlling CXCR2 function, but may 

also contribute to neutrophil dysfunction during excessive inflammation.  
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In situ analysis of SIV-specific CD8 T cells induced by CD8 T cell vaccine early after SIV infection  
Abdelaal Hadia; Kim Hyeon; Wagstaff Reece; Martins Mauricio; Watkins David; Skinner Pamela      

Veterinary and Biomedical Science     

 

There is a critical need for a vaccine for Human immunodeficiency virus (HIV) to control the enduring progress of 

the AIDS pandemic. The fate of infection during the early stage depends on a race between expansion of infection 

and the generated immune response to control it. Prevention of transmission at the portal of entry, which represents 

the initial stage of infection is the most critical, as it offers the best opportunity for successful intervention. In this 

work, we aimed to explore the early stage of infection. Animals were immunized with different vectors encoding 

SIV-Nef/Rl10. Eight Mamu-B0*8 rhesus macaques (animal model for HIV elite controller) were immunized with 

different vectors that encode SIV proteome Nef (45-210) containing intact Nef RL10. Another 8 animals (control 

group) were vaccinated with vectors that encode Nef (45-210) containing a mutated Nef RL10. Animals were then 

challenged intra-rectally with low repeated dose of SIV mac239. Once the animals got infected, lymph nodes and 

rectal biopsies were harvested within 17 days post infection. In situ tetramer staining (IST) combined with 

immunohistochemistry were used to evaluate the location and the abundance of the CD8+ T-cells against the Nef 

RL10 epitope. The vaccine induced a robust amount of Nef RL10 specific CD8+ T-cells in the all-8 animals in the 

rectum and in the T-cell zone of the lymphoid tissue but was excluded from the B-cell follicles (virus replication 

site). Control group developed a minimal CD8+ T-cell response. ISTH (Combination of IST staining and in situ 

hybridization) was recruited to visualize, map and quantify the relationships between the immune effector Nef RL10 

specific CD8+ T-cell (E) and their targets (T) (E: T ratio). We found that vaccinated animals have higher E: T ratio 

compared with the vaccine control animals. This provides important information about abundance, localization and 

spatial relationship of SIV-specific CD8+ T- cells and their targets at the portal of entry and in lymphoid tissues and 

gives new cues for future development of a preventive vaccine.  
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Impacts of in ovo aflatoxin B1 on domestic and wild turkey transcriptomes 
Monson, Melissa; Cardona, Carol; and Reed, Kent  
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Contamination of corn and grains with aflatoxin B1 (AFB1) is a worldwide food safety and animal health issue 

linked to economic losses in agriculture. Consumption of AFB1 is hepatotoxic, carcinogenic and 

immunosuppressive; domestic turkeys (Meleagris gallopavo) are especially sensitive to its effects. Eastern wild 

turkeys (M. gallopavo silvestris) are far less susceptible than their domestic counterparts due to their capability to 

detoxify AFB1. In ovo exposure to AFB1 provides a model for controlled AFB1 challenge and comparison of 

domestic and wild turkeys. Utilizing RNA-sequencing (RNA-seq), the impact of AFB1 on genome-wide expression 

in embryonic liver and spleen can be investigated. Eggs were injected with 1 μg of AFB1 or sham control and tissue 

samples were collected after a 1 or 5 day exposure period. Libraries were sequenced on the Illumina HiSeq 2000 to 

produce approximately 10 M 101 bp paired-end reads per library. Predicted transcripts were assembled in CLC 

Genomics Workbench using both de novo and short-read alignment pathways. Differential expression analysis with 

DESeq will identify effects of AFB1 exposure in wild and domestic embryonic tissue and examine the factors of 

exposure time and tissue type. Comparing the transcriptome response to AFB1 in wild and domestic turkeys can 

provide insight into changes during domestication and help elucidate ways to improve poultry resistance to AFB1.  
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Cytokine-mediated proliferation and differentiation of porcine B cells into immunoglobulin secreting 

plasma cells 
Rahe, Michael; Murtaugh, Michael  

Veterinary and Biomedical Sciences  

 

The US swine industry has witnessed the recent introduction and emergence of two novel coronaviruses, porcine 

epidemic diarrhea virus (PEDV) and swine delta coronavirus (SDCoV), while also continuing to battle with porcine 

reproductive and respiratory syndrome virus (PRRSV) and swine influenza virus (SIV). The ability of the swine 

immune system to generate an antibody-mediated immune response to these viruses has not been thoroughly 

characterized. An understanding of the necessary factors which drive the porcine B cell response to infection will not 

only lead to enhanced development of vaccines and immunotherapeutics, it will also draw a map for porcine 

xenotransplantation researchers to follow.  

 

The B cell is the driving force behind the humoral immune response to infection. Terminal differentiation of B cells 

into immunoglobulin secreting plasma cells is crucial for the neutralization, opsonization, and complement fixation 

of many pathogens. Enriched CD21+ porcine B cells were activated in vitro with CD40L and then stimulated with 

various cytokines for up to 7 days in order to screen cytokines for their capacity to cause cellular proliferation and 

differentiation. IL-21 was found to be a potent inducer of proliferation on activated CD21+ B cells, when compared 

to unstimulated cells and other purported stimulatory cytokines. Additionally, treatment with IL-21 on CD40L 

activated mature B cells resulted in their terminal differentiation to immunoglobulin secreting plasma cells. The 

addition of IL-4 and APRIL to CD40L and IL-21 treated B cells resulted in their differentiation into plasma cells that 

secreted a significant amount of IgA when compared to cytokines that have been reported to drive an IgA antibody 

response in other species. These findings identify many essential components of the porcine humoral immune 

response while setting the stage for future advances in the study of the B cell which will be essential in the fight 

against infection, biomedical research, and xenotransplantation.  

CM-20 

DNA and chromatin modifying drugs reactive the transcriptional RB-E2F program in osteosarcoma  
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In this study, we investigated mechanisms of transcriptional control of a differential gene expression signature in 

osteosarcoma that is evolutionarily conserved and defines two molecular phenotypes associated with length of 

survival. We identified significant associations linking deregulation of the RB-E2F program to differential gene 

expression. AURKB was among the differentially expressed genes that defined these molecular phenotypes; thus, we 

used an AURKB-luciferase reporter to examine transcriptional control by RB-E2F. Ectopic RB expression caused 

dose-dependent repression of the AURKB reporter in cell lines derived from dogs with shorter survival times, but 

only had modest effects in the cell lines derived from dogs with longer survival times. This differential response was 

conserved in human U2OS (RB+) cells and SAOS-2 (RB-) cells. Restoration of RB in cell lines derived from dogs 

with shorter survival times altered genome-wide gene expression towards a state comparable to that seen in cells 

from patients with better outcome. Previously, we showed that DNA methyltransferase (DNMT) and histone 

deacetylase (HDAC) inhibitors induced apoptosis of cell lines derived from dogs with short survival times as well as 

of human SAOS-2 cells. Here, we show that this is due to resetting the molecular phenotype associated with short 

survival, towards the molecular phenotype associated with longer survival. Specifically, the transcriptional state of 

RB-E2F1-regulated genes shifts from a state associated with RB-deficiency to one seen with RB-sufficiency. 

Together, our findings highlight the potential use of chromatin reorganization to functionally restore the RB-E2F1 

program to improve outcomes for osteosarcoma patients.  
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Morphine induces gut microbiome dysbiosis by inducing bacterial translocation and resulting 

inflammation   
Sindberg, Greg1,2; Banerjee, Santanu1; Meng, Jingjing1; Wang, Fuyuan2; Johnson, Timothy3; Roy, Sabita1     
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Microbiome dysbiosis has been associated with disrupted gut homeostasis within many disease states, including 

inflammatory bowel disease, colitis, and obesity. Disruption of homeostasis within the gastrointestinal tract results in 

higher inflammation and translocation of bacterial products from the lumen of the intestine into the normally sterile 

body cavity. Inflammation in the host also contributes to microbial dysbiosis, resulting in a vicious cycle of disease. 

Morphine has been shown to disrupt homeostasis in the gut leading to systemic bacterial translocation, however the 

effects of morphine on the composition of the gut microbiome have not been examined. Using Illumina sequencing 

of the V4 16S gene, we show that morphine alters the composition of bacteria present within the large intestine of 

chronically treated mice as well as Rhesus Macaques. Interestingly, the bacteria that increase following morphine 

treatment correspond with bacteria that translocate into the host following morphine treatment. Mice lacking a 

functional immune system (NSG) do not show changes in the microbiome or show bacterial translocation, 

suggesting that morphine acts through immune cells to induce translocation and microbial dysbiosis. Morphine also 

altered metabolites in both mass spectrometry analysis and predictive metabolic profiles using PiCRUST analysis 

which include a decrease in secondary bile acids and an increase in cholesterol metabolism. These metabolites have 

been suggested to be important in the control of inflammation. Together, this implies that morphine induces changes 

in bacterial composition and resulting metabolites which, in combination with an aberrant immune response, 

contributes to the interruption of gut homeostasis that has been observed in patients using opioids.  
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Concentrations of cytokines, matrix metalloproteinases and tissue inhibitors of matrix 

metalloproteinases in serum and synovial fluid following injection of autologous conditioned serum 

into equine osteoarthritic distal inter-phalangeal joints  
Tatarniuk, Dane; Groschen, Donna; Merritt, Kelly; Ernst, Nicolas; Maher, Mike; Brown, Murray; Trumble, Troy   

Veterinary Population Medicine  

 

Autologous conditioned serum (ACS), also known as “IRAP”, is a novel treatment for lameness attributable to 

osteoarthritis. ACS is proposed to have increased levels of the anti- inflammatory cytokine: interleukin-1 receptor 

antagonist protein (IL- 1ra). Serum and synovial fluid samples were collected from 11 horses with confirmed coffin 

joint osteoarthritis following ACS therapy. Serum and synovial fluid samples were analyzed for changes in 

concentration of various cytokines, matrix metalloproteinases (MMPs) and tissue inhibitors of matrix 

metalloproteinases (TIMPs) active during inflammation. Three blinded investigators assigned lameness scores to 

evaluate for clinical improvement following ACS therapy.  

 

Eleven horses met the inclusion criteria for this study. Biomarkers measured included IL-1ra, TNFα, IL-1β, IL-4, IL-

6, IL-8, IL-10, MMP-1, MMP-3, MMP-9, MMP-13, TIMP-1, TIMP-2, TIMP-3, & TIMP-4. A significant increase in 

concentration of IL-1ra was found in ACS compared to 1-hour serum, but no significant difference compared to 24-

hour serum. A significant decrease in IL-4 and IL-8 concentration was present in ACS compared to 1-hour serum. A 

significant increase in MMP-1 and -9, but not MMP-3 & -13, was found in ACS compared to 1-hour serum. No 

differences in TIMP concentrations were noted in any serum groups . Results from this study confirm that ACS 

elevates the IL-1ra cytokine. However, no significant difference was present between 24-hour (incubated, but not 

conditioned) serum and ACS. This result suggests that exposure to borosilicate beads during ACS processing may 

not be necessary. An elevation in MMP-1 and MMP-9 concentration was also found in the ACS product. These 

biomarkers may further contribute to an established pro-inflammatory environment by actively degrading cartilage.  



CM-23 

Skeletal muscle gene expression profile in type 1 polysaccharide storage myopathy 
Teixeira, Raffaella B. C.; Mickelson, James R.; Valberg, Stephanie J.; Anderson, Shea M.; McCue, Molly E.   

Veterinary Population Medicine, Veterinary Biomedical Sciences    

 

Type 1 Polysaccharide Storage Myopathy (PSSM1) is caused by a gain of function mutation in the skeletal muscle 

glycogen synthase gene (GYS1) that leads to accumulation of excessive glycogen and abnormal polysaccharide in 

the equine muscle fibers. PSSM1 horses can break down glycogen and perform well during anaerobic maximal 

exercise, but develop exercise intolerance and rhabdomyolysis during sub-maximal exercise. The link between 

excessive muscle glycogen, abnormal polysaccharide and rhabdomyolysis during sub-maximal exercise is unknown. 

Controlled regular exercise, increased turnout time and a diet low in starch and high in fat improve clinical signs in 

PSSM1 cases. We hypothesize that 1) PSSM1 horses develop muscle damage during submaximal exercise due to 

altered expression of genes involved in skeletal muscle energy metabolism, induced by excessive glycogen and/or 

improper regulation of glycogen synthase activity; and 2) that clinical improvement resulting from consistent daily 

exercise is due to restoration of more normal gene expression patterns in metabolic pathways, which will cause 

skeletal muscle gene expression in PSSM1 horses and controls to be more similar after controlled regular exercise. 

Gluteal muscle biopsies were collected from PSSM1 cases and controls prior to trial, and before and after exercise 

following a standardized 3-week training protocol. A high starch diet was fed during the trial. RNA was isolated and 

sequenced at 40-million reads/sample (RNAseq); reads were mapped to EquCab2 using BOWTIE/TOPHAT and 

transcripts assembled by Cufflinks. Gene expression comparison between groups was measured by Edge-R. De novo 

assembly of the reads was performed to identify novel transcripts/isoforms. Pathway analysis of differentially 

expressed genes is being performed to identify altered metabolic pathways. Discovery and description of altered 

gene expression profiles in PSSM1 horses will provide information about disrupted energy pathways and can lead to 

new therapies and new insights in metabolic myopathies/muscle glycogen regulation in other species.   
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Osteosarcoma (OS) is a very heterogeneous disease, but at present the same treatment approach is used for virtually 

every patient. We previously showed that gene expression profiles segregated both canine and human OS alike into 

two molecular groups that were significantly different with respect to the rate of disease progression and patient 

survival. The purpose of this study was to examine the effects of a DNA methyltransferase inhibitor (5-aza dC) and a 

histone deacetylase inhibitor (Vorinostat) on canine OS cell lines derived from these two molecular subgroups in 

vitro and in vivo. We used MTS assays to assess sensitivity to these compounds in vitro. The results confirmed that 

cells derived from tumors with more rapid and aggressive progression are more sensitive to these DNA and 

chromatin modifying drugs (CMDs). We next developed a xenograft model to test if these effects persisted in vivo. 

Canine OS cells derived from the two molecular subgroups were modified to express GFP and luciferase and 

injected intratibially into athymic nude mice. In vivo imaging and measurements of tumor size revealed that cells 

from tumors with more rapid and aggressive progression maintained this property, and they developed as clinically 

apparent tumors more rapidly than cells from tumors that showed slower, less aggressive progression in the original 

patient. Ongoing work will examine whether sensitivity to CMDs in vivo, where host factors play important roles, 

parallels what we observed in vitro.  
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Osteosarcoma is the most common primary bone malignancy affecting children, adolescents and young adults. 

Around 30% of patients with localized osteosarcoma and 70% of patients with metastasis will experience treatment 

failure within 5 years of diagnosis. Such dismal outcome has remained static for 20 years leading to an urgent need 

to identify novel targets and therapeutic agents that will improve overall patient survival and minimize immediate 

and long-term side effects of current chemotherapeutic agents. Additionally, osteosarcoma is commonly found in 

canines, with approximately 10,000 new cases each year. The complex biology of osteosarcoma and tumor 

heterogeneity makes it very difficult to identify effective new gene targets and therapeutic agents. We found 

overexpression of miR-17-92 microRNAs in both human and canine tumors. This deregulation is associated with 

more poor outcomes in osteosarcoma and is preserved in canine osteosarcoma suggesting a conserved disease 

mechanism. Additionally, our data suggest that upregulation of miR-17-92 miRNAs contributes to osteosarcoma 

progression by targeting potential tumor suppressor osteosarcoma driver genes such as PTEN. Also, our studies 

show that Minnelide - a prodrug of triptolide in combination with DNA and chromatin modifying drugs (DCM), 

inhibits cMYC expression and downregulates miR-17-92 miRNAs resulting in upregulation of several tumor 

suppressor driver genes including PTEN. Together, our data suggests that upregulation of miR-17-92 miRNAs 

contributes to osteosarcoma progression and drug combination of Minnelide and DCM drugs reduces tumor burden 

by inhibiting miR-17-92 expression.   
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Morphine disrupts gut microbiota and promotes systemic dissemination of Citrobacter rodentium 
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Alteration in gut microbiome has been shown to contribute to bowel dysfunction and gut barrier disruption. We have 

recently demonstrated that morphine treatment results in significant disruption in gut barrier function leading to 

increased translocation of gut commensal bacteria. Gut microbiome plays an important role in maintaining gut 

homeostasis. However, the effect of morphine on gut microbiome has not been investigated. Citrobacter rodentium 

is a natural mouse pathogen that models intestinal infection by enteropathogenic Escherichia coli (EPEC) and 

enterohemorrhagic E. coli (EHEC) in humans and causes attaching and effacing (A/E) lesions and colonic 

hyperplasia. This study examined the effects of morphine treatment on the mouse colonic microbiome and 

dissemination of C. rodentium following infection. Colonic contents of mice were extracted and examined using 

Illumina 16S rRNA metagenomic sequencing and PhyloChip microarray analysis. Operational taxonomic unit 

(OTU) analysis and Phylogenetic Analysis indicated a significant shift in the colonic microbiome following 

morphine treatment when compared to placebo. The differences in microbiome clustering were greater in the context 

of infection with C. rodentium. A number of genus-level enrichments and depletions were observed in response to 

morphine treatment alone, or morphine in combination with C. rondetium infection. The most notable effect 

observed in this study was that morphine treatment resulted in increased systemic dissemination of C. rodentium. 

This is the first study to demonstrate that morphine modulates gut microbiome and promotes pathogen dissemination 

in the context of C. rodentium intestinal infection. Overall, this study provides a more comprehensive glimpse of the 

mouse intestinal microbial community and modulations of this community in response to morphine treatment in the 

context of C. rodentium infection, targeting future efforts to improve medical intervention.  
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Anti-viral effect of cold atmospheric gaseous plasma against feline calicivirus, a surrogate to human 

norovirus  
Aboubakr, Hamada; Bruggeman, Peter; Goyal, Sagar 

Veterinary Diagnostic Lab  

 

Foodborne viruses, particularly human norovirus (NV) is a cause of concern for public health and world economies. 

The low inactivation efficiency of most minimal food processing methods against foodborne viruses makes it 

necessary to explore novel and effective non-thermal technologies for decontamination of fresh-eaten, ready-to-eat 

foods and food processing surfaces. We studied the in vitro antiviral activity of cold atmospheric gaseous plasma 

(CAGP) against feline calicivirus (FCV), a surrogate of human NV. A radio frequency-based plasma generating 

setup was used. Factors affecting antiviral activity of CAGP were: plasma generation power, exposure time, 

exposure distance, feeding gas mixture and virus suspending medium. Exposure to 2.5-Watt argon plasma caused a 

reduction in FCV titer of 5.55 Log10 TCID50 within 120 s. The titer reduction increased with increasing exposure 

time and decreasing exposure distance. Among the four studied-feeding gas mixtures (Ar, Ar+1% O2, Ar + 1% dry 

air and Ar + 0.27% water), the highest anti-FCV effect was seen with Ar+1% O2 plasma treatment since 

approximately more than 6 Logs of the virus was inactivated after 15 s. at small distance. Also, the highest reduction 

in FCV titer was observed when the virus was suspended in distilled water. Suspension in MEM resulted in 

minimum virucidal activity. Based on SEM images, molecular and proteomics studies, damage to viral capsid 

protein was the key effect of CAGP. A comprehensive study was conducted to determine the chemical species and 

radicals generated by plasma treatment. FCV was exposed to CAGP in presence and absence of several specific 

scavengers to certain chemical species and radicals that are thought to be responsible for the virucidal effect of 

CAGP. The results indicate that O2*, O3, reactive nitrogen species, NO* and ONOO− are the most effective species 

affecting the virus in solutions. In conclusion, CAGP is a promising technology for combating viral contamination in 

foods and food preparing surfaces. Further in situ experiments in food and surfaces are being planned.  
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Cellular cholesterol variation in the blood of turkeys as a function of life stage  
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The infection of animals in agricultural production settings with zoonotic agents has been an important mechanism 

through which humans are exposed to novel diseases. In addition, viral infections of animals often result in 

economic losses for the industry due to factors such as decreased productivity, morbidity and mortality as a result of 

disease. The degree of viral spread throughout a host population does not rely on viral fitness alone. The opportunity 

for infection varies based on many factors including the susceptibility of the individual host. While turkeys are well-

known hosts for influenza A viruses (IAV), for example, their susceptibility to infection varies with life stage. 

Mechanistically, the virus infection cycle begins and ends at the plasma membrane in the two events known as 

attachment and budding, which are thus the key to host susceptibility. Sialic acid receptors located on the cell surface 

are the targets for influenza viral protein hemagglutinin. In addition to viral receptors, the plasma membrane has 

specialized lipid microdomains that function to organize proteins and aid in signal transduction. These microdomains 

are rich in cholesterol and sphingolipids, and fusion and budding events within the plasma membrane are thought to 

occur more specifically within these lipid rafts. In vitro shifts of intracellular cholesterol pools out of the plasma 

membrane of a host cell results in an inhibition of IAV particle production and a decrease in viral infectivity (Musiol 

et. al, 2013). In this study, we have measured differences in cellular cholesterol levels of sexually immature turkeys 

(8-12 weeks) and hens in egg production (28-32 weeks of age). The cholesterol from blood cells was extracted and 

quantified using a fluorescence assay. We report on cholesterol variation in the blood of turkeys as a function of life 

stage.  

Emerging and Zoonotic Diseases Signature Program 
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Complete genome characterization of influenza A virus in a breeding herd following a year of 
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Introduction: Swine influenza A viruses (IAV) are worldwide distributed and can persist for prolonged periods of 

time. The objective of this study was to characterize the complete genome of influenza viruses isolated from various 

animal subpopulations in a breeding herd.  

 

Materials and Methods: A 3,250 sow herd with history of  IAV infection was sampled monthly throughout a year. 30 

nasal swabs were collected from three-week old suckling piglets, gilts introduced > 4 weeks (gilts) and gilts recently 

introduced < 4 weeks (new gilts). PCR positive samples were used for IAV isolation. The complete IAV genome 

from each isolate was amplified using previously described protocols, and sequenced using MiSeq Illumina 

platform. Sequences where aligned by gene segment using ClustalW and the pairwise percentage of identity between 

sequences used to estimate the number of clusters within gene segments.    

 

Results and discussion: A total of 360, 359 and 268 nasal swabs were collected from piglets, gilts and new gilts 

respectively. 110 (11%) of all swabs tested positive by PCR. While piglets and gilts tested positive only once, new 

gilts tested positive 5. Seventy-one viruses were isolated from positive samples. H1N1, H1N2, and H3N2 subtypes 

were isolated from piglets but only H1N1 and H3N2 subtypes were isolated from gilts and new gilts. More than one 

subtype was co-circulating at once in a given population. Four different HA clusters were identified and the same 

virus (or very closely related ones) can persist over time at the farm level within and between subpopulations. 

Multiple IAV strains and subtypes were circulating within animals’ subpopulations throughout the study period. The 

viral diversity observed during this time was significant which makes the control of IAV within swine populations 

difficult. Moreover, this diversity is not limited to those gene segments that translate the main antigens of the virus 

HA and NA. There was no IAV at the same time in different subpopulations indicating that viruses that persist at the 

herd level may move between subpopulations over time.  
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Porcine epidemic diarrhea virus (PEDV), a coronavirus related to transmissible gastroenteritis virus (TGEV), 

appeared suddenly in the Unites States in April, 2013. PEDV is highly contagious and causes acute disease in 

growing and finishing pigs, gilts, and sows. Epidemic sow herd outbreaks are characterized by severe diarrhea, 

vomiting, and high mortality in nursing pigs for several weeks, thus continuing to spread disease. No PEDV 

vaccines are available in the US. Given the virological, clinical and pathological similarities in PEDV and TGEV, 

and the success of infected gut feedback to sows in controlling TGEV, feedback has been attempted for control of 

PEDV. Feedback induces lactogenic immunity in sows and has been reported to protect suckling pigs. However, for 

PEDV, there is little information on the efficacy of various feedback protocols on the induction of immunity, 

including duration of the serological response and mucosal antibody production. Experiments were performed to 

examine duration of immunity to PEDV. First we determined the efficacy of 2 different feedback protocols on the 

induction of immunity in sows and their piglets. Protocol 1 administered feedback to pregnant sows one with a 

second administration (boost) 3 weeks later. Protocol 2 administered feedback 3 times within one week. Both 

protocols were effective at inducing anti-PEDV immunity in adult sows, however the capsid ELISA response 

appears to be short-lived. Next we examined the effect of re-exposure on immunity in sows and on naïve gilts. 

Feedback was administered to previously exposed sows and naïve gilts on a commercial farm. Previously exposed 

sows were resistant to diarrheal disease, thus feedback induced immunity lasts at least 4 months. Lastly, we 

examined maternal immunity to PEDV in colostrum/milk from sows to determine if antibodies can be passed to 

piglets. Anti-PEDV N IgG antibodies and spike IgA antibodies were successfully transferred from colostrum/milk to 

piglets with antibodies to spike proteins being more abundant. Feedback is an effective method for control of PEDV.  
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The National Institutes of Health has issued a call to address the ‘troubling frequency of published reports that claim 

a significant result, but fail to be reproducible.’ They ask the research community for strategies ‘to reset the self-

corrective process of scientific inquiry’. (Collins F, Tabak L. Policy: NIH plans to enhance reproducibility, Nature. 

27 Jan 2014).  

One approach to preserving data integrity (accuracy, consistency, repeatability) that is consistently used throughout 

the regulatory research pathway is to integrate principles of Quality Assurance (QA) into funded research. However, 

these quality practices are rarely applied in the discovery research environment.  

Our objective was to implement a research QA program (Good Research Practice, GRP) for 2 research projects 

funded to improve immunodiagnostic testing for Porcine Epidemic Diarrhea Virus (PEDV) and Porcine 

deltacoronavirus (PdCoV). The PEDV epidemic is spreading widely, decimating swine herds, and is steadily 

increasing the price of pork. Rapid research progress with reliable and repeatable data is needed to address this threat 

to swine health.  

This research quality management project was designed to assure that research methods are fit for purpose and that 

data integrity is preserved. A GRP laboratory checklist was created to define the quality requirements. Standard 

operating procedures were written, and training was provided to ensure that (1) data were accurate, legible, 

contemporaneous, original and attributable; (2) method validation approaches were designed to meet pre-established 

acceptance criteria; and (3) laboratory equipment, notebooks, reagents and specimens were managed to ensure data 

traceability.  

An audit based on the GRP laboratory checklist was performed by an independent QA auditor to assess progress 

toward meeting these research quality goals. The integration of a GRP research QA program resulted in the 

generation of credible evidence that the data resulting from our research are accurate, reliable and a worthwhile 

investment for the swine industry.  
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Influenza A viruses (IAV) that are naturally present in wild waterfowl have been introduced annually to turkeys in 

Minnesota (MN). For more than 30 years, these introductions have occurred in the late summer or autumn. However, 

there has been a trend of spring introductions of IAV detected since 2009 in turkey flocks. The causes of these 

unique trend remain unclear. Here we investigated the risk factors that were associated with Spring introductions 

with a questionnaire survey. A case-control study was designed to identify the risk factors associated with historical 

spring introductions since 2009. Meanwhile, a cross-sectional study was performed to identify risk factors related to 

the spring of 2014. Questionnaires were applied to collect information about farm construction, flock information, 

observation of wild animals, etc. In the case-control study, the present of workers who live off the farm (p=0.021), 

having pets that go inside and outside of the house (p=0.033), total area of the farm (p=0.040) show significant 

association with the historical Spring introductions. In the cross-sectional study, the frequency of worker activities in 

the introduction farm was slightly higher than other farms. Taken together, several risk factors in farm environment, 

worker activity, and wildlife observations have been identified. For those variables with statistical significance, 

further investigation is needed to test the causal effect of the hypothesized risk factors. Variables without statistical 

significance but with suggestive significance are worth further scrutiny. To develop science-based biosecurity 

measures that will prevent the spring introduction of IAV, both epidemiological and experimental approaches are 

needed.  
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In 2010, 20 isolates with unknown pathogen were obtained during regulatory and routine surveillance sampling of 

apparently healthy baitfish from the states of Illinois, Minnesota, Montana, and Wisconsin, 20 strains of cytopathic 

viruses were isolated in 2010. The viral isolates were obtained from kidney/spleen or entire viscera of fathead 

minnows (Pimephales promelas). The examination of cell culture supernatants by negative contrast electron 

microscopy revealed the presence of small, round virus particles (~30-32 nm). Extracted RNA from these isolates 

were submitted for next generation sequencing (Illumina HiSeq). Sequence reads were analyzed with de novo 

assembly using CLC Genomic workbench 6.0. The contigs were analyzed by tBLASTx analysis, which confirmed 

the presence of three novel fish pathogens: astrovirus, calicivirus and picornavirus. These viruses showed 20-40% 

amino acid identity with members of their respective families and were thus confirmed to be novel members of 

Astroviridae, Caliciviridae and Picornaviridae families. These novel viruses were tentatively named as fathead 

minnow astrovirus (FHMAV), fathead minnow calicivirus (FHMCV) and fathead minnow picornavirus (FHMPV). 

Calicivirus and picornavirus were detected as mixed infection in some of the samples. The impact of these novel 

viruses alone or in combination on the health of fish populations is unknown at present and should be investigated.  
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Mobile genetic elements provide a mechanism for the rapid evolution of prokaryotic organisms. Often, these 

elements contain advantageous traits such as antimicrobial resistance or virulence. Plasmids are distinguished and 

defined by their ability to exist in the same cells with other types of plasmids. Two plasmids that cannot be carried 

by the same cell are termed incompatible and are of the same type Incompatibility group A/C (IncA/C) plasmids are 

large, conjugative plasmids carried by Gram-negative bacteria. These plasmids have received a considerable amount 

of attention recently due to the combination of their broad-host range and the multidrug resistance (MDR) 

phenotypes they confer. Most alarmingly is the increasingly common association of IncA/C plasmids with extended 

spectrum β-lactamase encoding genes such as blaCMY-2 and blaNDM-1. Given the clinical relevance of this plasmid 

type, it is remarkable that little is known about the basic functions such as conjugation and maintenance. IncA/C 

plasmid pAR060302 (pAR) was originally found in an Escherichia coli isolated from a dairy cow in Illinois. It is a 

prototypical IncA/C plasmids of 165 kb and is similar to other IncA/C plasmids isolated from Salmonella and 

Klebsiella. In fact, aside from the accessory regions of these plasmids, they are nearly completely conserved. Within 

the accessory regions of the plasmid are genes that confer resistance to tetracyclines (tetA), sulfonamides (sul1 and 

sul2), and extended-spectrum β-lactams (blaCMY-2). We sought to better understand how basic plasmid processes are 

regulated on IncA/C plasmids. Due to the number of transcriptional regulators predicted to be encoded on IncA/C 

plasmids, we hypothesized that there are complex networks of interacting proteins regulating key plasmid functions. 

In this work, we begin to characterize a network regulating conjugative transfer.  
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The conserved protein Gcp is essential for bacteria growth; however, its essential mechanism remains unclear. In this 

study, we utilized the next generation RNA-seq technology to determine the effect of depletion of Gcp on global 

gene transcription in Staphylococcus aureus and identified many operons that were dramatically affected, providing 

fundamental information to elucidate essential function of Gcp.  
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Human immunodeficiency virus (HIV) is the cause of Acquired Immune Deficiency Syndrome (AIDS) which is a 

severe global pandemic. During chronic infection, most HIV-1 and simian immunodeficiency virus (SIV) replication 

occurs in secondary lymphoid tissues within CD4+ T cells, and is most concentrated within B cell follicles. We 

found that virus-specific CTLs don't migrate into B cell follicles at high levels. It is unknown whether virus specific-

CTLs can migrate throughout the entire B cell follicle area including germinal centers. It is also not known that 

whether virus specific-CTLs within B cell follicles are functional. To evaluate these questions, we used in situ 

tetramer staining to determine the localization, abundance and functional phenotype of SIV-specific CTLs in 

lymphoid tissues from SIV infected rhesus macaques. We found that SIV-specific CTLs were able to migrate into 

germinal centers, but at a lower levels compared to extrafollicular areas. Similar levels of SIV-specific CTLs 

expressed the cell division/cell activation marker Ki67 inside and outside follicle. Meanwhile, the percentage SIV-

specific CTLs expressing the cytolytic molecule perforin was lower in follicles compared to extrfollicular regions. 

These results suggest that although SIV-specific CTLs are able to localize to B cell follicles including germinal 

centers, levels of functional virus-specific CTL may be too low to eradicate SIV producing cells in this location. 

These findings suggest that a functional cure for HIV might include strategies that augment functional virus-specific 

CTL within B cell follicles.  
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Bovine tuberculosis (BTb) is a chronic disease of cattle caused by infection with one of the members of the 

Mycobacterium tuberculosis complex. BTb prevalence in Uruguay has been traditionally low as a consequence of an 

active surveillance program in slaughterhouses and dairy farms. Between 2011 and 2013, however, the incidence of 

the BTb had increased, concerning farmers, industry, veterinarians and the government authorities. The goal of this 

study was to assess the spatial dynamics of the BTb outbreaks reported in Uruguay between 2011 and 2013.  

Data provided by the Ministry of Livestock Agriculture and Fisheries in Uruguay included information on the 

location (latitude, longitude), status (positive, negative), and, if applicable, date of detection of the outbreak, for 

dairy farms in the country. Sixteen, 26 and 16 outbreaks were reported in 2457, 2442 and 2345 susceptible dairy 

farms in 2011, 2012, and 2013, respectively. The spatial distribution of the incident (new cases) outbreaks was 

analyzed using the spatial scan statistic and the Cuzick Edwards test, implemented in the SatScan and Cluster Seer 

software, respectively.  

Results suggested significant (p=0.05) clustering with both spatial cluster test in 2012, located in northwestern, 

southwestern and southeastern Uruguay. Absence of spatial clustering in 2011 suggests an initial random dispersed 

distribution of outbreaks, with a posterior transmission and local dissemination, explained by the 2012 observed 

clusters. Control measures applied during the epidemic are reflected in 2013 outbreaks distribution, which do not 

shows any following aggregation.  

In summary, while BTb has been described in Uruguay since 1897 and has proven difficult to eradicate, spatial 

characterization of recent outbreaks may contribute to elucidate the factors that could be involved in the epidemic 

and could prevent it for the future and ultimately improve the effectiveness of the BTb control program in Uruguay 

through understanding of disease transmission in these outbreaks.  
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Infection with Porcine reproductive and respiratory syndrome virus (PRRSV) has disparate outcomes, whereby 

young pigs suffer serious respiratory disease, secondary infections, morbidity and mortality, while adult pigs often 

show inapparent or mild infections. PRRSV grows much more vigorously in young pigs compared to adult animals; 

a difference evident in susceptibility of porcine alveolar macrophages (PAMs), the key permissive cell for infection. 

PAMs from young animals support higher levels of virus growth than those from older animals. There is no 

difference in expression of CD163 and CD169, proteins expressed on the surface of PAMs that are required for or 

associated with the infection process. Therefore, the difference in viral growth in PAMs appears to be an intrinsic 

characteristic of PAMs that is dependent on animal age. Discovery and characterization of viral restriction factors 

(proteins that suppress viral growth in permissive cells) has provided novel insights toward prevention and treatment 

of HIV infection in humans. Age‐related restriction of PRRSV growth in PAMs, unrelated to cellular expression of 

receptor molecules for the virus, suggests the possibility of age-dependent expression of viral restriction factors. We 

hypothesize that expression of anti-PRRSV restriction factors constitutes a cellular mechanism of resistance to viral 

infection, and age-dependent expression accounts for the observed diminution of PRRSV growth in adult pigs. We 

have examined PAMs from young and old pigs for susceptibility to PRRSV infection in vitro, and transcriptomes 

will be examined by high-throughput sequencing to identify differences in age-dependent restriction factors that are 

expressed constitutively or are induced following viral infection. Differential responses to infection between PAMs 

of susceptible young pigs, and more resistant adult pigs is expected to be a powerful approach to identify changes in 

gene expression or macrophage polarization that will enhance future studies determining molecular mechanisms of 

resistance.  
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Reovirus was isolated from tendons of 15-weekold tom turkeys that had intertarsal tenosynovitis/arthritis with 

ruptured tendons and it was tentatively called turkey arthritis reovirus (TARV). Previous studies showed that TARV 

induced significantly higher gastrocnemius tendon histologic inflammation scores in turkeys than chicken arthritis 

reovirus (CARV) and turkey enteric reovirus (TERV) at 4 weeks post inoculation (PI). Oral inoculation of TARV 

resulted in clinical signs and disturbed gait by 7 weeks (PI). These findings raised questions about the pathogenesis 

and the immune response of TARV. One-week-old male turkeys were inoculated orally by TARV-O’Neil. Virus 

gene copy was determined in intestine, internal organs and tendons at 1/2, 1, 2, 3, 4, 7, 14 hours PI. Cytokine profile 

was detected in intestines, spleen and tendons at 4, 7 and 14 days PI. Virus reached the peak of gene copy number 

(more than 103) in jejunum, cecum, bursa of Fabricius at 4 days PI and virus was detected (more than 10 gene copy 

number) as early as 1 day PI. In tendon, spleen and liver, virus had much lower virus gene copy than intestine and 

bursa of Fabricius and virus was determined (more than 10 gene copy number) at 3 days PI until 7 days PI. Virus 

was detected in cloacal swabs at 2 days PI and reached the peak at 4 days PI. The virus mediated weak 

proinflammatory, effective antiviral and T helper-1 response in infected turkeys. Results indicate that TARVs exhibit 

high replication in the intestine and early shedding of infection that were affected by immune response.  
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Enteroviruses belong to the Picornaviridae family and are the most common viruses infecting a wide range of 

mammals. The bovine enterovirus (BEV) has recently been reclassified into E and F serotypes. Currently, there is an 

increased interest in BEV because of its high isolation rate from animals with severe respiratory and/or enteric signs. 

Also, there is a high rate of recombination events in enteroviruses, which increases the chances of increased changes 

in viral severity and pathogenicity. The BEV was first isolated in Egypt in 1966 although it has been known in other 

countries since 1950. In this study, we have described the detection and molecular characterization of BEV-F2 strain 

which were obtained from 28 calves suffering from severe diarrhea. The viruses were isolated by inoculation of 

clinical samples in MDBK cells. The viral RNA was loaded on FTA cards and sent to our laboratory in Minnesota. 

The Illumina sequencing of a viral isolate revealed the presence of a complete BEV-F genome sequence. Two primer 

sets were designed from the 3D and 5′UTR regions and used for the examination of the remaining isolates. All viral 

strains belonged to BEV-F2 serotype and contained nucleotide substitutions in 3D and P1 regions and substitutions 

and deletions in the 5′UTR region. The availability of the complete genome sequence of this virus enhances the 

sequence database of the members of family Picornaviridae and should be useful for future molecular studies.  
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Porcine circovirus associated disease (PCVAD), porcine circovirus type 2 (PCV2) being the primary causative agent, 

is currently one of the most economically important diseases in the global swine industry. The dendritic cell (DC) is 

one of the most important target cells of PCV2 and provides a potent vehicle for transport of the virus throughout the 

host. While DC is the key antigen-presenting cell of the immune system, playing a pivotal role in initiating immune 

responses and inducing a protective immunity against viral infection, changes in DC function can have consequences 

on T-lymphocyte survival and anergy. We evaluated the expression of co-stimulatory molecules on the surface of 

DC11c+ in mouse spleen using flow cytometry and the ability of CD11c+ DC activating CD4+ and CD8+T cells by 

detection of cytokine secretion. DCs infected with PCV2 significantly decreased MHCII+CD40¯ subset cells on day 

4 post infection (dpi) (P<0.01), and CD137L¯CD80+ and CD137L¯CD86+ subset cells on 4 and 14 dpi (P<0.01). 

On 7 dpi, the levels of IFN-ɣ secreted by CD4+ and CD8+ T cells , and IL-12 by CD8+T cells was obviously 

reduced, while those of IL-4 and IL-10 secreted by CD4+ and CD8+T cells, respectively, clearly increased. These 

results suggest that PCV2 influences DC antigen presenting function, and then impacts activation of T cells by 

altering co-stimulating molecule expression.  
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Porcine epidemic diarrhea virus (PEDv) spread rapidly in the United States since the first diagnosed case was 

confirmed in April 2013. Age at infection plays a role in the severity of the disease. There is limited information in 

the dynamics of PEDv infection in weaned pigs. In this study, we evaluated the effect of PEDv infection on clinical 

disease presentation, shedding in feces, seroconversion and lesions at necropsy. We also evaluated the impact of 

PEDv on growth performance. Twenty 4-week-old pigs originating from a PEDv negative farm were divided into 

two groups: a) negative group, b) positive group. Pigs in the PEDv positive group were inoculated intragastrically 

with a 20 ml suspension of mucosal scrapings from a PEDv infected piglet at day 0 of the study. Pigs in the negative 

control group were sham inoculated with 20 ml of PBS. Pigs were monitored and scored daily for clinical signs. 

Blood samples were collected at 0, 7, 14 and 21 days post inoculation (DPI) to measure antibodies against PEDv NP 

protein by FMIA (Fluorescent multiplex immunoassays) and neutralizing antibodies by FFN (fluorescent focus 

neutralization) test. Rectal swabs were collected at -2, 2, 5, 7, 12, 14, 16 and 20 DPI for viral quantification using a 

quantitative RT-PCR test. At necropsy pigs were evaluated for macroscopic and microscopic lesions. PEDv infected 

pigs developed watery diarrhea by 2 DPI and most of the pigs recovered from it by 10 DPI. Shedding in feces was 

detected on day 2 through day 20. Highest levels of RNA material in feces was found during the first two weeks post 

infection and decreased after that. Interestingly, shedding in feces could be observed even after clinical signs had 

resolved. All infected pigs seroconverted and developed neutralizing antibodies as early as two weeks post infection. 

There were no significant levels of viremia and very few pigs had microscopic lesions suggestive of PEDv infection. 

Pigs in the PEDv negative control remained PEDv negative throughout the duration of the study.  
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Since the emergence of Livestock associated-methicillin resistant Staphylococcus aureus  (LA-MRSA) in human 

exposure to pigs, the swine populations have been regarded as a main reservoir of LA-MRSA transmission. The 

prevalence of LA-MRSA in farmers, their families and veterinarians has been reported as higher proportion than 

general population. However, colonization, infection and pathogenesis of S. aureus in this population, especially 

veterinarians who have a high occupational health risk due to their visits to different farms, are little unknown in the 

USA. We conducted a longitudinal cohort study in order to evaluate the prevalence of S. aureus including MRSA in 

66 swine veterinarians in the USA. The subjects in this study had sent their nasal samples every month for 18 

months and had been asked to response survey questions related with exposure to pigs or history of skin injury. We 

found the overall prevalence of Methicillin susceptible staphylococcus aureus (MSSA) and MRSA were 58.3%-

82.4% and 5.9%-15.2%, respectively. The most predominant sequence type(spa type) was ST398(t034) followed by 

ST5(t002) and ST9(t337). Sixty six veterinarians were classified into four groups – PC(Persistent carriers), IC

(Intermittent carriers) and NC(Non-carriers) accounting for 41%, 58% and 1%. Out of PC, 55.6% of vets were 

colonized with one sequence type for 18 months. We also carried out a quantitative test with modified MPN (Most 

probable numbers)method. The CFU per swab in PC were statistically higher than the CFU per swab in IC. This 

result suggests that persistent carriers who carry high numbers of S.aureus could be the main reservoirs for 

transmission as well as pigs. Also the distribution of spa types in vets showed similar patterns to swine isolates not 

like general healthy populations in the USA. Therefore, we concluded that swine veterinarians carrying high 

numbers of organisms are at high occupational health risks because there was significant positive association 

between time contact to pigs and prevalence of MSSA or MRSA.  
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Influenza virus is a major global pathogen that causes annual epidemic infection and occasional severe pandemics. 

Antiviral drugs are important therapeutic interventions needed to control influenza virus infections. However, 

influenza variants resistant to current antiviral drugs occur and spread rapidly. Targeting host signaling and/or 

factors important for the influenza viral replication represents an alternative approach. Characterization of the 

specific roles of signaling pathways in the influenza A virus infection may therefore provide novel targets for 

antiviral therapeutics.  We have shown that specific inhibitors of TrkA receptor tyrosine kinase can effectively 

inhibit the synthesis of all three influenza viral RNA species, block the nuclear export but not nuclear import of the 

viral nucleoprotein complex, and reduce the level of viral particle release from the infected cells. By over-expression 

and shRNA-mediated knockdown methods, we have shown that the TrkA signaling plays important roles in the 

replication of influenza virus. Furthermore, we provide evidence that inhibition of TrkA signaling provides 

therapeutic benefits against influenza virus infection in vivo using the influenza-mouse model. In summary, our 

study has not only characterized the novel functional roles of host TrkA signaling pathway in distinct stages of 

influenza viral life cycle but also revealed a potentially new therapeutic approach against flu infections.  
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Quasispecies theory defines viral populations as groups of viruses related by a similar consensus genome, competing 

within a highly mutagenic environment that gives to a swarm of interdependent, genetically distinct, individuals. The 

theory has been widely applied to RNA viral evolution, error catastrophe and viral antigenic variation in infections 

like HIV-1, hepatitis C virus (HCV), poliovirus, and others. As one of the most highly mutated RNA viruses, 

Porcine reproductive and respiratory syndrome virus (PRRSV) can endure a mutation rate of ~10-2/site/year. 

Mutations can arise from viral RNA polymerase infidelity, genomic recombination, and host cell mutator activity. 

However, its quasispecies mutation spectrum has never been characterized. With the application of Next Generation 

Sequencing (NGS), we were able to sequence three serial passages of PRRSV infectious clones that were cultivated 

in MA-104, a simian epithelial cell line. We developed a bioinformatics pipeline to assemble short sequencing reads 

de novo and by mapping to a reference genome, at an average redundancy between 6,000 and 50,000 reads per base. 

Our results showed that single nucleotide polymorphisms were detected across the genome at a frequency less than 

0.1% and the highest mutation frequencies were observed in coding regions for nonstructural protein 2 (nsp2), nsp3 

and envelope glycoprotein 2. A quasispecies bottleneck effect was observed through the serial passage, suggesting 

an intrinsic selective pressure on the viral population. Serial passage in the presence of neutralizing antibody 

revealed increased population resistance to neutralization. Ultra-deep sequencing is expected to reveal altered 

mutation patterns in regions encoding key antigenic determinants.  
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Staphylococcus aureus is major hospital- and community-associated pathogen and is responsible for thousands of 

invasive infections annually. The ability of this organism to cause infectious is due to its expression of virulence 

factors, which are tightly controlled by a variety of regulators, including an important two-component signal 

transduction regulatory system, SaeRS. We have undertaken a transcriptomics study for the identification of SaeRS 

regulon and found that inactivation of SaeRS dramatically enhances the transcription of a novel transcriptional 

regulator (SA1804). This led us to hypothesize that SaeRS mediates the expression of virulence factors, including 

toxins and adhesins through its regulation of sa1804. To test this hypothesis, we created sa1804, saeRS, and sa1804/

saeRS double deletion mutants in a USA300 community-acquired MRSA strain, 923, and determined their impact on 

the pathogenicity. The deletion of sa1804 dramatically increased the production of toxins and cytotoxicity, and 

enhanced the capacity of bacteria to adhere to and invade into the epithelial cells, whereas the deletion of saeRS 

eliminated the expression of toxins and cytotoxicity, and abolished the bacterial ability to adhere to and invade into 

the epithelial cells. Moreover, the double deletions of sa1804 and saeRS appeared a similar phenotype with the 

saeRS null mutation. Furthermore, we determined the regulatory mechanism of SA1804 using qPCR, promoter-lux 

reporter and gel-shift approaches. Our data indicate that the novel virulence repressor SA1804 is dependent on 

SaeSR regulator. This study sheds light on the regulatory mechanism of virulence factors and allows for us further 

elucidate the molecular pathogenesis of S. aureus.  
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Introduction: Porcine reproductive and respiratory syndrome virus (PRRSV), influenza A virus (IAV), and porcine 

epidemic diarrhea virus (PEDV) are airborne pathogens able to spread rapidly and cause devastating financial losses. 

However, there is limited information on the nature and size of particles with which airborne viruses are associated 

while airborne. However, there is limited information on the nature and size of particles with which airborne viruses 

are associated while airborne. Thus, the objective of this study was to characterize the size distribution of the 

particles that transport IAV, PRRSV and PEDV generated by acutely infected pigs.  

Materials and Methods: The study was performed in a 35 m3 BSL-2 isolation unit at the University of Minnesota. 

Pigs were infected with an H1N1 IAV and PRRSV 1-8-4 on day) of the study and, at day 21, pigs were intra-

gastrically inoculated with 20 ml of PEDV-positive material. Air samples were collected for 1 hour using an 

Andersen cascade impactor (ACI) able to collect particles as a function of particle size. Samples were analyzed by 

quantitative IAV, PRRSV and PEDV RT-PCR and virus viability tested on specific cell cultures or bioassay in the 

case of PEDV. Total quantity of virus RNA per volume of air, and total particle counts by size and day were 

analyzed during the study.  

Results and Discussion: Air samples collected for the first 9, 20 and the last 3 days of the study were analyzed for 

IAV, PRRSV and PEDV respectively. IAV was detected in particles larger than 2.1 µm in quantities ranging from 

2.97E2 (particles between 0.4-0.7µm) to 1.22E6 (particles between 9.0-10.0µm). PRRSV was detected in all size 

ranges expect particles between 0.7 and 2.1µm in quantities ranging from 4.6E5 (particles between 0.4-0.7µm) to 

1.64E9 (particles between 9.0-10.0µm). PEDV was detected in all particle size ranges in quantities ranging from 

5.21E6 (particles between 0.4-0.7µm) to 1.11E9 (particles between 9.0-10.0µm). Results from this study indicate 

that PED, IAV and PRRS viruses can be found in a wide range of sizes while airborne.  

PS-2 

Determining Mycoplasma hyopneumoniae Viability through the use of Ethidium Monoazide  
Anderson, A., Rovira, A., Pieters, M.  

Veterinary Population of Medicine Department, College of Veterinary Medicine, University of Minnesota  

  

Mycoplasma hyopneumoniae (M. hyopneumoniae) is the etiologic agent of enzootic pneumonia; a chronic disease 

that causes important economic losses to the swine industry. qPCR is used to test for the presence of M. 

hyopneumoniae; however, differentiation between viable and nonviable cells cannot be obtained by qPCR. Ethidium 

monoazide (EMA) has been shown to distinguish between other pathogen’s viability in samples. EMA is known to 

covalently bind to DNA in dead cells that have compromised cell walls, which results in low amplification. The 

objective of this study was to evaluate the use of EMA on M. hyopneumoniae samples to distinguish between viable 

and non-viable samples. M. hyopneumoniae was grown and a sub sample of this agent was heated at 100°C for 10 

min. Three matrices were prepared by combining live and heat-killed cultures. Viability of the three matrices was 

confirmed by inoculation in Friis broth. Half of the samples were treated with EMA (25 ug/mL). EMA treatment 

consisted of adding the chemical and performing various protocols differentiating in holding time and photo-

activation. DNA was extracted from the samples by using Prep-Man Ultra® (Life Technologies) and qPCR was run 

using VetMAXTM products (Life Technologies). Results were analyzed by comparing Ct values of EMA treated 

and non-treated samples using t-test in Excel. Based on the results, it was not feasible to differentiate between viable 

and non-viable M. hyopneumoniae with the use of EMA. The identification between live and heat-killed cells could 

not be determined due to the intercalation of EMA in all of the samples. A p value < 0.05 was obtained when 

comparing EMA treated and untreated live cultures. The results could have been influenced by the intensity of a 

light used, which could have lysed the cells in the matrix. Also, EMA could have bound to the DNA due to a lack of 

cell wall in this agent. Overall, treating M. hyopneumoniae with EMA results in a poor indication of cell viability 

and is not the best method to distinguish the viability of cells.  

Population Systems Signature Program 
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Mycoplasma hyopneumoniae antigenic determinants  
Dos Santos, Lucas1; Dvorak, Cheryl2; Murtaugh, Michael2; Pieters, Maria1  

1Veterinary Population Medicine Department, College of Veterinary Medicine  
2Veterinary and Biomedical Sciences, College of Veterinary Medicine  

 

Mycoplasma hyopneumoniae (M. hyopneumoniae) is the causative agent of enzootic pneumonia, an important 

disease of swine which is endemic in herds throughout the world. Monitoring the herd exposure to Mycoplasma is 

important as M. hyopneumoniae has been shown to escalate the effects of other respiratory infections, thus 

increasing the economic impact of these diseases. Vaccines are available to control M. hyopneumoniae infection and 

aid reducing clinical signs. Serological tests are available to detect M. hyopneumoniae antibodies, however these 

tests do not differentiate between antibodies generated from infection as opposed to immunization and are unable to 

identify infected animals during early stages of infection. The aim of this study was to identify M. hyopneumoniae 

specific immunogenic antigens which can be used in the development of immunological assays or as vaccine 

candidates. A genomic DNA library was created from purified, fragmented M. hyopneumoniae DNA in the pMalp5x 

expression plasmid. The library was transformed and cells with recombinant plasmid were grown on a nitrocellulose 

membrane. Replica membranes were created and protein production was induced and reactivity to M. 

hyopneumoniae positive serum was examined. Protein expressed from 3 colonies showed reactivity to M. 

hyopneumoniae positive serum and were examined further to identify the epitope which was expressed. Further 

analysis of the library for reactivity to M. hyopneumoniae serum and identification of the epitopes which react to 

Mph positive serum will continue to identify the best specific immunogenic antigens to M. hyopneumoniae.  

PS-4 

Effects of vaccination times on influenza A transmission in growing pigs  
Homwong, Nitipong; Deen, John  

Department of Veterinary Population Medicine   

 

Introduction: Swine influenza A virus infections are common in swine population in the US, causing respiratory 

diseases and impacting farm economics. 7.9% of growing pigs has been vaccinated in the US. Therefore, the 

objective of this study was to evaluate vaccination times on influenza transmission and expected influenza infection 

prevalence post vaccination.  

Model and Assumptions: Simple deterministic Susceptible-Exposed-Infectious-Recovered (SEIR) models were 

constructed. One infectious weaned pig was introduced into a herd of 999 pigs (total 1000 pigs). The mortality rate 

of growing pigs was 5.3%. The transmission rate β was 2.18, 0.5% of infected piglets died from influenza, and 

immune protection was assumed to be 100 days. Vaccine effectiveness was 88 % to influenza A (8) with 100% 

coverage. Four scenarios were simulated with no vaccination and vaccination at day -7, 0, 7 after one infectious 

weaned pig was introduced into a herd.  

Results: The epidemic peak was maximized at day 13, 20, 13, 13 and at the peaks of epidemics the expected 

prevalence was of 44.05%, 12.36%, 18.19% and 44.05% for scenarios 1, 2, 3, 4 respectively. Epidemics declined 

until day 43, 20, 53, 43 post infections. An influenza infection became stable with the expected prevalence of 3.72%, 

1.28%, 1.62% and 3.68% respectively.  

Conclusions and Discussion: As known, a vaccination before pigs are infected with influenza A virus was beneficial. 

We demonstrated that a vaccination at the day a herd is infected was partially helpful compared to no vaccination 

and also slightly different in prevalence compared to 7 days before pigs infected. However, vaccination at day 7 did 

nothing compared to no vaccination. A vaccination at day 0 may provide some mitigation and be beneficial, able to 

reduce prevalence and able to delay the epidemic peak in a growing pig herd. Therefore in cases of vaccination-free 

growing pig herds, this would be helpful for providing information in vaccinating at the day we estimate that pigs 

get infected with influenza.  



PS-5 

Source and species of swine Brachyspira pathogens influence antibiogram profiles  
Mirajkar, Nandita and Gebhart, Connie  

Department of Veterinary and Biomedical Sciences   

 

Background: Isolation of Brachyspira species known to cause severe mucohemorrhagic, mucoid and mild diarrheal 

diseases in grower-finisher pigs has recently increased in the U.S. To determine the in vitro antimicrobial 

susceptibility patterns and their potential roles in the re-emergence of disease, we determined the in vitro minimum 

inhibitory concentration (MIC) for 100 isolates (30 B. hyodysenteriae, 26 “B. hampsonii”, 24 B. pilosicoli and 20 B. 

murdochii), originating from a variety of swine sites and systems across the U.S. in 2009 to 2014. We also aimed to 

identify the associations of isolate MICs with the species of Brachyspira, the stage of production and the production 

system of origin.  

 

Methodology: The susceptibilities of all isolates were determined (after validation) by a broth dilution method 

towards commonly used antimicrobials including tiamulin, valnemulin, lincomycin, tylosin, and doxycycline. The 

broth dilution results were categorized into low MICs or high MICs for each antimicrobial as per previously 

proposed epidemiological cut-offs for Brachyspira.  

 

Results: In general, the in vitro MICs were high for lincomycin and tylosin; moderate for doxycycline and low for 

tiamulin and valnemulin. The decreasing order of MIC value by species was: B. pilosicoli > B. murdochii > B. 

hyodysenteriae > “B. hampsonii”. Many B. pilosicoli and B. murdochii isolates with high MICs for tiamulin were 

also detected. The odds of low MICs for isolates from gilt or sow sites were significantly (~10 times) higher than 

those from finisher sites. Several B .hyodysenteriae isolates from a common production system with unusual high 

MICs for tiamulin were characterized by multilocus sequence typing as STs 94 and 107.  

 

Conclusions: Although not indicative of clinical efficacy, the use of epidemiological cut-offs in this study facilitated 

the surveillance and early detection of isolates with high MICs for evaluated antimicrobials. Furthermore, this study 

helped identify epidemiological associations of these antibiograms that are of relevance to the swine industry.  

PS-6 

Heritability of recurrent exertional rhabdomyolyis in Thoroughbred and Standardbred racehorses 

using SNP genotyping data  
Norton, Elaine; Mickelson, James; McCue, Molly  

Department of Veterinary Population Medicine 

 

Exertional rhabdomyolysis (ER) is a clinical syndrome characterized by muscle pain, stiffness, and cramping with 

exercise. Recurrent exertional rhabdomyolysis (RER) is a specific syndrome that results in ER in Thoroughbred 

(TB) and Standardbred (STDB) racehorses. RER is a complex disease with both genetic and environmental factors 

contributing to disease phenotype. The objective of this project was to evaluate the importance of genetic factors in 

RER by estimating heritability in cohorts of unrelated TB and STDB racehorses. RER cases were defined as horses 

with a history of one or more episodes of ER identified by the trainer and/or referring veterinarian. Controls were 

defined as individuals without documented episodes of ER. A total of 491 TB and 196 STDB were included in this 

study. All horses were genotyped with either a 54,602 or a 65,153 single nucleotide polymorphism (SNP) marker 

genotyping array. Heritability (h2) was calculated from genome-wide SNP data using the software packages 

Genome-wide Complex Trait Analysis (GCTA) and Linkage Disequilibrium Adjusted Kinships (LDAK). GCTA 

calculates h2 by simultaneously fitting all SNPs as random effects in a mixed linear model with a standardized 

genetic relationship matrix (GRM). LDAK adjusts the GRM by assigning calculated weights to SNPs based on 

blocks of linkage disequilibrium. Analysis with GCTA estimated h2 of RER in TB and STDB racehorses to be 

approximately 0.34 (sd 0.108946) and 0.44 (sd 0.288597), respectively when disease prevalence and potential 

confounders such as gender were taken into account. The addition of the weighted GRM increased the h2 estimate to 

0.47 (sd 0.132676) for the TB data and decreased the estimate to 0.39 (sd 0.261076) for the STBD data. Thus, 

between 34-47% and 39-44% of the variance in RER susceptibility in TB and STBD racehorses, respectively can be 

explained by the SNPs present on the current genotyping arrays. This indicates that RER is moderately heritable in 

both breeds, providing rational for the continued investigation for genetic mutations associated with RER.  



PS-7 

Optimal ratio for successful exposure of gilts to Mycoplasma hyopneumoniae  
Roos, Luiza1; Fano, Eduardo2; Payne, Brian2; Pieters, Maria1  

1Veterinary Population Medicine Department. College of Veterinary Medicine. University of Minnesota. 
2Boehringer Ingelheim Vetmedica, Inc.    

 

In commercial herds Mycoplasma hyopneumoniae stands as a significant respiratory pathogen, having a central role 

in Enzootic Pneumonia and Porcine Respiratory Disease Complex. M. hyopneumoniae causes a chronic infection 

that can last up to 214 days after experimental inoculation. The pathogen is present in most of commercial herds and 

represents a challenge for swine producers. Replacement gilts coming from negative sources need to be adequately 

acclimated with the new environment where M. hyopneumoniae is present to avoid a disease outbreak and shedding 

of the pathogen for the offspring. The purpose of this study is to evaluate the optimum seeder-to-naïve gilt ratio in a 

4 week exposure period. Sixty animals will be divided into 2 groups. The seeders, 21 two-week old gilts, will be 

inoculated with M. hyopneumoniae intra-tracheally using 10 ml of lung homogenate diluted to 1x105CCU/ml. The 

animals will be tested every 14 days to assess humoral immunity and to detect genetic material, determine infection 

development and confirm positivity. By the forth week (28 days post inoculation) 39 aged matched gilts (naïves) 

will be exposed to seeders in different proportions of seeder-to-naïve for 4 weeks. All animals will be tested for 

antigen and antibodies detection every 14 days. By the end of the exposure period all animals will be humanly 

sacrificed and lung lesion scoring (macro and micro) will be performed. Infection will be confirmed by DNA 

detection in bronchial swabs. M. hyopneumoniae has an overall adjusted reproductive ration (Rn) of 1.16, therefore 

an infected animal will infect one other during the contact phase, and a ratio of 6 seeders in 11 animals is successful 

for infection of all naïves. We expect to determinate a ratio between 1 seeder in 10 animals and 6 seeders in 10, in 

which all exposed naïve animals will be positive after 4 weeks of exposure. The results from this study will be the 

starting point to develop a standard protocol for controlled gilt exposure to M. hyopneumoniae prior to entering the 

reproductive herd.  

PS-8 

Using cattle movement networks to understand farm-to-farm transmission of bovine tuberculosis in 

Uruguay  
VanderWaal, Kimberly; Picasso, Catalina; Perez, Andres; Craft, Meggan; Enns, Eva; Gil, Andres;  

Fernandez, Federico; Wells, Scott  
Veterinary Population Health, College of Veterinary Medicine, Univeristy of Minnesota. School of Public Health, Univeristy of 

Minnesota. Animal Health Bureau, Ministry of Livestock Agriculture and Fisheries, Montevideo, Uruguay. Facultad de 

Veterinaria, Universidad de la Republica, Montevideo, Uruguay.    

 

Strategies to control bovine tuberculosis (BTB) in cattle herds during BTB outbreaks cause great economic losses to 

producers in the U.S. due to culling of affected herds and imposition of severe livestock trade restrictions in affected 

regions. Here, we utilize extensive data from Uruguay on farm-to-farm cattle movements and BTB-outbreaks from 

2008-2013 in order to understand the role of animal movements in the spread of BTB. Using these data, we 

constructed a movement network in which farms are represented as nodes and interlinked based on recorded 

movements of cattle, thus creating an interconnected system of cattle herds. This network will be used to develop a 

simulation model of BTB spread in Uruguay. As a first step in this project, we characterized the dynamics of cattle 

movement within the network. Most cattle premises were involved in just one movement of approximately 37 cattle 

per year, whereas a minority of premises had numerous connections within the network. The median distance of 

movements was 21 km, though larger farms tended to send or receive cattle from farther distances. We also 

demonstrated that BTB outbreaks were significantly clustered within the movement network, which suggests that 

cattle movement between farms played a role in creating farm-to-farm transmission opportunities. These insights 

will be used to develop a simulation model of BTB spread in Uruguay and to assess the efficacy of targeted 

surveillance strategies. These results will ultimately be used to formulate models for BTB surveillance in free or low 

incident regions, such as the U.S.  



PS-9 

Respiratory disease outbreak detection within a population of free-living chimpanzees (Pan 

troglodytes schweinfurthii)  
Wolf, T1; Travis, D2; Lonsdorf, E3; Lipende, I4; Gillespie, T5; Terio, K6; Hahn, B7; Pusey, A8; Murray, C9; Singer, R1  

1Veterinary and Biomedical Sciences, UMN, 2Veterinary Population Medicine, UMN, 3Franklin and Marshall College, 

PA,4Greater Gombe Ecosystem Health Project, Gombe National Park, Tanzania, 5Emory University, GA,6University of Illinois 

Zoological Pathology Program, IL, 7University of Pennsylvania School of Medicine, PA, 8Duke University, NC, 9George 

Washington University, D.C. 

 

Infectious disease is a threat to the conservation of great ape populations, including the chimpanzee population of 

Gombe National Park. Due to a large proportion of disease-associated mortality among Gombe chimpanzees, a 

syndromic health surveillance system was established in 2004 to capture observational data of clinical signs 

associated with specific disease syndromes: respiratory, gastrointestinal, dermatologic, and wasting. Syndromic data 

collected through this system was utilized to describe the epidemiology of 5 major respiratory outbreaks recognized 

in the communities during the period of 2004-2012. There were no mortalities associated with the major outbreaks, 

although mean morbidity was 64% (SD ± 34%, range: 30-90%).The syndromic data was also used to establish 

baselines of disease frequency to more readily detect smaller respiratory disease outbreaks in the two habituated 

chimpanzee communities. Baseline levels of mean monthly counts and prevalences of respiratory disease were 

estimated and utilized to generate algorithms for outbreak detection. The baseline occurrence of respiratory disease, 

characterized by any combination of cough, sneeze, or rhinorrhea, was fairly low in both communities, with an 

average of less than one chimpanzee per month showing signs and a prevalence below 3%. Preliminary analyses 

reveal the occurrence of an additional 3 outbreaks in one community and additional 4 in the other, totaling 6 

outbreaks in each community over the 9-year period. Syndromic surveillance analyses suggest that, despite previous 

assessment, respiratory disease is an infrequent occurrence among the habituated Gombe chimpanzees, but smaller 

respiratory outbreaks may be going undetected in real-time due to the low numbers of affected chimps during each 

event.  

PS-10 

Prevalence at weaning of Mycoplasma hyopneumoniae and Mycoplasma hyorhinis in dams and piglets 
Prado, C., Rovira, A., Pieters, M. 

Department of Veterinary Population Medicine, College of Veterinary Medicine, University of Minnesota 

 

Mycoplasma hyopneumoniae (M. hyopneumoniae) and M. hyorhinis are important microorganisms affecting swine. 

M. hyopneumoniae causes chronic respiratory infections in pigs which generate significant losses to the swine 

industry. M. hyorhinis is a colonizer of the upper respiratory tract of the pig which can cause arthritis and 

polyserositis after weaning age, and can be commonly identified in pneumonic cases. Frequently, M. hyopneumoniae 

and M. hyorhinis are identified in the same pig, suggesting that a colonization relationship between these two 

microorganisms may exist. However, the epidemiology of these bacteria does not appear to be similar in the field. 

The level of piglet colonization with M. hyopneumoniae at weaning age has been suggested as a predictor of disease 

presentation in grower and finisher pigs, while M. hyorhinis piglet colonization at weaning does not seems to have a 

strong influence in post weaning transmission. Thus, we aimed at investigating the nasal swab colonization of dams 

and piglets with M. hyopneumoniae and M. hyorhinis in commercial sow farms, and to investigate their relationship 

with several environmental, farm and piglet factors. DNA was obtained from a set of nasal swabs collected from 

dams in piglets in 4 commercial sow farms and was tested for detection of M. hyorhinis with a species specific PCR. 

All samples were previously tested for detection of M. hyopneumoniae genetic material. A logistic mixed model was 

used to test for the association of various factors with the risk of piglet PCR positivity to M. hyorhinis at weaning 

age. Also, the association between the two pathogens was evaluated. The prevalence of M. hyorhinis in dams and 

piglets was low in all farms studied. No association between M. hyorhinis positivity and environmental, farm and 

piglet factors was observed. The relationship between the two pathogens was not significant. Under the conditions of 

this study, M. hyopneumoniae and M. hyorhinis colonization at weaning does not seem to be associated, although 

they could be associated at later production stages.  



SS-1 

Sa1804 is a novel regulator controlling the expression of toxins in bovine Staphylococcus aureus  
Barclay, Rebecca; Yang; Junshu; Ji, Yinduo 

Department of Veterinary and Biomedical Sciences  

 

Staphylococcus aureus is considered the main contagious causative agent of bovine mastitis. Mastitis can cause a 

variety of clinical signs which can lead to a decrease in milk production, compositional changes in the milk, and 

money spent on treatment & veterinary care. Alpha-toxin is a virulence factor produced by S. aureus, which is 

believed to play a role in the pathogenesis of mastitis. Determining how S. aureus toxin expression is regulated 

could lead to the discovery of a molecular mechanism to control the virulence factors of S. aureus. In this study, we 

hypothesized that gene sa1804 in bovine S. aureus isolates plays a role in regulating alpha-toxin production. To test 

this hypothesis, we utilized genetic approaches to determine the effects of both the insertion of gene sa1804, and the 

in-frame deletion of gene sa1804 on the production of α-toxin in bovine S. aureus isolates. Our results showed that 

isolates containing gene sa1804 exhibited significantly less toxin expression compared to isolates which lacked gene 

sa1804. The deletion of sa1804 led to increased expression of α-toxin. Our results indicate that gene sa1804 plays a 

role in mediating the expression of α-toxin.  

SS-2 

Gene loci for recurrent exertional rhabdomyolysis in Thoroughbreds and Standardbreds  
Beeson SK1, Norton EN1, McCoy AM1, Mickelson JR2, Swinburne JE3, Blott S3, Valberg SJ1, Binns MM4, Piercy RJ5, 

Isgren CM6, Moore A7, Caputo P8, Newton R3, Parkin TD3, Vaudin M3, McCue ME1  
1Veterinary Population Medicine and 2Veterinary and Biomedical Sciences, College of Veterinary Medicine, University of 

Minnesota, St Paul, MN; 3Animal Health Trust, Kentford, Newmarket, UK; 4Equine Analysis, Midway, KY, USA; 5Department 

of Veterinary Clinical Sciences, Royal Veterinary College, London, UK; 6Department of Companion Animal Clinical Sciences, 

Norwegian School of Veterinary Science, Oslo, Norway; 7Paul Caputo, DVM, Parkland, FL, USA; 

 8Moore Equine Services, Cambridge, ON, Canada  

 

Approximately 5 - 10% of Thoroughbred (TB) and 6% of Standardbred (STB) racehorses suffer from recurrent 

exertional rhabdomyolysis (RER), a condition in which they exhibit sporadic bouts of painful cramping and muscle 

cell damage following mild to moderate exercise. Previous research is consistent with a gene or genes of moderate to 

major effect conferring RER susceptibility, with gender, temperament, diet, age, and activity being contributing 

factors; however, the specific genes and alleles actually contributing to this susceptibility are unknown. We 

hypothesized that genes of moderate to major effect underlie RER susceptibility in TB and STB horses, and that 

some of these alleles are shared across both breeds. The objectives of this project were to identify these gene loci and 

alleles associated with RER risk in both breeds. We performed genome-wide association analyses (GWAS) with 

SNP markers and haplotype analysis to determine RER susceptibility loci in populations of TB (n=491) and STB 

(n=196) horses. The GWAS identified 6 chromosomal loci associated with RER susceptibility; 3 in TB horses, 3 in 

STB horses, with a single locus shared between breeds. These regions of interest (ROI) ranged in size from 1010 

kilobases (kb) to 8420 kb. Variants in each ROI were identified using whole genome sequences from 5 RER and 5 

controls in each breed (n=20 total) . 99,301 variants were discovered within the ROIs, (range 3,315-20,272 / region) 

with an average of 4.1 variants discovered per kb. Of these, 88.7% were SNPs, 5.3% were insertions, and 6.0% were 

deletions. Of the variants identified 43.7% were within genes and 1.2% had a putative functional effect. Variants 

discovered within these regions of interest 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.  

CVM Summer Scholars: Animal Science/Veterinary Medicine Building Lobby 
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Moose population mystery: Analysis of immobilization protocols and liver fluke severity  
Gardner, Samantha; Hildebrand, Erik; Minicucci, Larissa; Carstensen Michelle; Schrage, Mike  

University of Minnesota College of Veterinary Medicine, Minnesota Department of Natural Resources,  

Morris Animal Foundation  

 

Since 2010, the Minnesota moose population (Alces alces) has decreased 52% on top of an already declining 

numbers from an unknown cause. In recent years, the MN Department of Natural Resources began a study to 

determine that cause. In the current study, moose are immobilized to allow researchers to place radiocollars and take 

samples. When a radiocollar emits a “mortality signal,” a necropsy is then completed. These procedures supply the 

data to analyze and possibly discover links to the decline. To continue receiving data from these captures, there must 

be an effective drug protocol in place to prevent adverse effects while efficiently immobilizing the moose. The risk 

of capture mortality is always present, but reduction in these deaths can contribute greatly to the data and more 

importantly, the welfare of the moose. To analyze the most efficient immobilization protocol, we looked at 

parameters such as induction time, pursuit time, and initial temperature. We then compared those to different drug 

combinations of opioids and tranquilizers. We found the combination of thiafentanil and xylazine to be the most 

effective. Another aspect of the study is to analyze the presence of liver flukes (Fascioloides magna) which may not 

be the main cause of this decline, but may be a contributing factor. Using a scoring system to assess fluke loads, we 

were able to compare scores to liver chemistry and serology to determine adverse effects. We looked at levels of 

bilirubin, albumin, gamma glutamyl-transferase, and other liver enzymes. In most cases, it seemed the liver fluke 

load did not adversely affect protein/enzyme values significantly, but further investigation is required. These results 

may get us closer to discovering the cause of the population decline which would give us the opportunity to save the 

moose population in Minnesota as well as other declining populations which have been noted in other areas.  

SS-4 

Influence of maternal gut microbiota in neonatal pigs  
Garry, Marissa; Morrison, Robert; Pieters, Maria  

Department of Veterinary Population Medicine, University of Minnesota, College of Veterinary Medicine, St. Paul, Minnesota  

 

Following birth, the piglet is challenged with a new environment containing numerous pathogens, commonly leading 

to increased prewean mortality and reduced growth rate. A predominance of beneficial microbial organisms is 

essential for the stability of the intestinal immune system. Therefore, our research team hypothesized that 

supplementation of oral microbiota in a neonatal piglet will modulate the intestinal microflora by enhancing the 

growth of beneficial bacteria and/or inhibiting pathogens, improving piglet growth and survivability. The objective 

of this study was to determine the effects of neonatal gastrointestinal modulation via a maternally derived microbial 

oral inoculum on survivability and growth during suckling. The study was conducted on a 3,200 head commercial 

sow farm in southern Minnesota. Ten fecal donor sows were selected based on parity and piglet performance. Herd 

health status was determined prior to the study and was free of the major swine pathogens. Sample size was 

determined to detect a 0.6 lb difference in wean weight. Two farrowing rooms housing 48 dams and approximately 

480 piglets were enrolled in the study. The control group (n=240) received 2 ml oral saline, while the treatment 

group (n=240) received 2 ml of homogenized fecal material. Piglets were weighed at birth, allowed to suckle, and 

administered an oral microbial inoculum for 7 consecutive days. Fecal swabs were collected for future genomic 

testing. Fecal scoring and mortality were measured throughout the study and piglets were weighed at19 days of age. 

A general linear mixed model was used to compare wean weight and mortality between groups. There was no 

significant difference in wean weight between pigs that received maternal fecal material (4.89 kg) and pigs that 

received saline (4.98 kg). There was no significant difference in prewean mortality among treatment groups. Under 

the conditions of this study, oral modulation of the neonatal GI microbiota was not an effective means of producing 

a heavier piglet at weaning or reducing prewean mortality.  



SS-5 

Qualitative effects of thymic atrophy on naive CD4+ T cells  
Isakson, Sara; Malhotra, Deepali; Jenkins, Marc  

Department of Microbiology, University of Minnesota, Minneapolis, MN  

 

The thymus is a relatively recent evolutionary specialization of the immune system. It plays a major role in central 

tolerance by eliminating T cells specific for the body’s own proteins. T cell exposure to tissue-restricted antigens 

(TRA) is critical for negative selection in the thymus and prevention of autoimmunity. While the thymus atrophies 

significantly with age, it is unclear whether this has qualitative effects on the T cells it produces. Previous studies 

have shown that this atrophy is largely a result of changes in the thymic stromal network rather than alterations in 

lymphoid cells (1). However, given the decline in thymic TRA expression with age, self-reactive T cells that develop 

in an atrophied thymus may not encounter their cognate antigens, allowing for thymic escape. We sought to 

determine if naive CD4+ T cells that recognize self-antigens escape into the periphery, with the ultimate goal of 

tracking and investigating self-antigen-specific CD4+ T cell responses in older mice using peptide-MHCII tetramers. 

We hypothesized that proteins that exhibit diminished expression in the atrophic thymus may elicit a self-antigen-

specific CD4+ T cell response, and that this response would be absent or decreased in young mice. To assess the 

quality of T cells that exit from the atrophic thymus, we obtained sequences from proteins that met two major 

criteria: 1) expression was restricted to a small number of peripheral tissues and 2) thymic transcription was 

significantly decreased in old mice. Young and old mice were immunized with overlapping peptides from candidate 

proteins and 14 days later CD4+ T cells were isolated from draining lymph nodes. An Enzyme-Linked ImmunoSpot 

(ELISPOT) assay was used to detect interferon gamma (IFNg)-producing cells. We have identified candidate 

peptides that elicit significantly larger IFNg responses in old mice and intend to produce peptide-MHCII tetramers to 

track and further investigate these self antigen-specific CD4+ T cells.  

SS-6 

Immunohistochemical characterization of canine B cell lymphoma  
Jensen, Cassandra; Feiock, Caitlin; Avery, Anne; Seelig, Davis  

Veterinary Clinical Sciences at the University of Minnesota College of Veterinary Medicine, Colorado State University  

 

Canine mature B cell lymphoma (cBCL) is a heterogeneous disease consisting of 4 main histologic subtypes: diffuse 

large B cell lymphoma (DLBCL), marginal zone lymphoma (MZL), follicular lymphoma, and mantle cell 

lymphoma. Although histologic examination is the current gold standard for the diagnosis and classification of 

cBCL, there is increasing interest in using flow cytometry (FC) as a replacement tool. Owing to its lower cost, more 

rapid reporting, and less invasive and subjective nature, routine incorporation of FC will lead to better detection of 

these lymphomas and more refined prognosis and treatment for individual patients. As part of a larger study seeking 

to validate FC for the diagnosis and classification of cBCL, this project seeks to develop immunohistochemical 

(IHC) staining patterns that can identify the different subtypes of cBCL. These staining patterns will then be 

compared with results from a concurrent study utilizing FC to determine antigen expression patterns of the same 

canine B cell lymphoma samples. We hypothesize that the main histologic categories of cBCL can be identified 

using IHC and FC and that Golden Retrievers will show a predilection for one type of cBCL. In this study, IHC was 

performed to detect CD10, Pax5, TdT, and BCL6 antigens on lymph node samples from 9 patients of various breeds 

with histologically-confirmed cBCL. To date, in all cases the tumor cells have been Pax5+ / TdT– / BCL6– / CD10–. 

IHC is yet to be performed for CD3 and MUM1/IRF4 and potentially other antigens that may characterize cBCL. 

Thus far, we can conclude that the IHC assays are successful and the pattern exhibited by the samples classifies them 

as either DLBCL or late stage MZL. We will continue to perform IHC on all samples for the remaining antigens and 

analyze for any differentiating staining patterns. Once completed, we will compare our results with those obtained 

using FC to further optimize and validate an IHC-based subclassification scheme for cBCL.  
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Spatial autocorrelation in pathogen serostatus for bobcats and pumas 
Jones, Marie1; Carver, Scott2; VandeWoude, Sue3; Crooks, Kevin4; Craft, Meggan5 

1College of Veterinary Medicine, University of Minnesota, 2School of Zoology, University of Tasmania, 3Department of 

Microbiology, Immunology and Pathology, Colorado State University, 4Department of Fish, Wildlife and Conservation Biology, 

Colorado State University, 5Department of Veterinary Population Medicine, University of Minnesota  

 

A major proportion of emerging infectious diseases are of zoonotic origin. Given this impact on human health, there 

exists a huge need for greater understanding of disease dynamics in wildlife, particularly at the interface of wildlife, 

domestic animals, and humans. In addition, greater understanding of wildlife disease dynamics can help 

conservation efforts be more directed and effective. In this study, we tested for spatial autocorrelation in pathogen 

serostatus data for bobcat (Lynx rufus) and puma (Puma concolor), both mobile and wide-ranging species. We 

expected to find differences based on mode of pathogen transmission, habitat fragmentation, and the ecology of the 

particular host. The study included animals from six study regions: one location in Florida, two in Colorado, and 

three in California. Each animal included in analysis had data for its particular capture location, as well as its 

serostatus for up to seven different pathogens. Testing for spatial autocorrelation was accomplished through Mantel 

tests in the software environment, R. Ultimately, limited spatial autocorrelation in infection status was detected for 

bobcats, and little to none for pumas. These results suggest that wide-ranging species such as puma and bobcat show 

little spatial autocorrelation in pathogen serostatus, but that there is slightly more evidence of disease clustering in 

bobcat, which have smaller ranges than puma.  

 

Funding: Department of Veterinary Population Medicine, University of Minnesota; NSF Ecology and Evolution of 

Infectious Diseases Research Program (NSF EF-0723676 and NSF DEB-1413925).  
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Biochemical analysis of membranes induced by bone cement in a caprine tibial defect  
Katz, Elyssa and Pluhar, Elizabeth  
Dept. of Veterinary Clinical Sciences  

 

Current models of critical sized bone defects do not accurately recapitulate the complexity and severity of nonunion 

fractures or allow differentiation among the efficacy of grafting materials. We have developed a caprine chronic 

tibial defect (CCTD) model that incorporates loss of regional bone, periosteum and soft tissue, local tissue scarring, 

and fibrous membrane formation by using a polymethylmethacrylate (PMMA) spacer to evaluate new bone grafting 

or tissue regeneration options. During the development of the model, we assessed two variables that could affect the 

cellular and biochemical makeup of the induced membrane: PMMA spacer texture and local muscle excision. A 

textured spacer was placed into the 5-cm bone defect in 5 of 10 goats and a smooth spacer in 5 goats. Six of the same 

10 goats had 10 g of muscle excised from around the tibial diaphyseal bone defect (3 smooth, 3 textured spacers) and 

4 goats had no muscle removed (2 smooth, 2 textured spacers). The goal of this project is to assess the levels of 

several biomarkers in the membranes that might affect bone formation. Using the western blot technique, we will 

quantify the relative amounts of osteogenic (BMP2, runx2), chondrogenic (Sox9), hypoxic (HIF1α), growth (PDGF, 

EGF), angiogenic (VEGF-A), and adipogenic (PPAR-γ) factors, as well as, inflammatory signaling factors (TNF-α, 

IL-1) and hyaluronan synthase (HAS1) within the PMMA-induced membranes. We will evaluate the data and assess 

whether spacer texture (smooth or textured) or the removal of local muscle has an effect on these biomarker levels. 

Furthermore, we will assess whether there are differences in the amounts of the biomarkers along the 5-cm length of 

the induced membrane. Differences in these factors may be reflected in the degree of bone healing in the defects 

once the spacers are removed and replaced by graft materials.  
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Advancing Fish Kill Investigation Protocols in Minnesota  
Massarani, Sarah; Phelps, Nicholas   

The University of Minnesota College of Veterinary Medicine Department of Population Medicine 

 

In Minnesota, fish support a multi-billion dollar recreational industry, a multi-million dollar aquaculture industry, 

and play an important role in public and ecosystem health. However, from 2003 to 2013, nearly 350 fish kills 

(localized mass die-offs of at least five fish with similar symptoms) were reported to Minnesota’s DNR, with even 

more kills going unreported, especially in smaller lakes and ponds. An analysis of these events showed that limited 

data gathering at fish kill sites, under reporting, and postulations made in the field have contributed to an incomplete 

and disorganized fish kill reporting and investigating system. Advancing fish kill investigations is imperative to the 

long-term sustainability of fish populations in Minnesota, and for that reason, a new, comprehensive framework to 

rapidly and efficiently investigate fish kills was developed. The framework includes an online fish kill reporting 

database, along with a standardized investigation protocol, kit, report form, and an informational guide about fish 

kills in Minnesota. As a proof of concept, three reported fish kill events were investigated. During these 

investigations, immediate action, a structured investigation procedure, and proper training in fieldwork techniques 

factored into the successful implementation of the new protocol. Recommendations were made to Minnesota’s DNR, 

and a website was created for the public to help with the management of future investigations and the prevention of 

future kills. With proper education and training utilizing the new framework, individuals across Minnesota can have 

a profound effect on the fish kill investigation process, as more waterbodies will be investigated and more questions 

will be answered.  

SS-10 

Determining diagnostic value of renal cytology in canines   
McAloney, Camille; Sharkey, Leslie; Feeney, Daniel 

Cytoloy/clinical pathology, radiology/imagining  

 

Renal disease is common in dogs, cats, and humans. Biochemical and imaging evaluation of the kidney rarely result 

in a specific diagnosis, however clinicians are hesitant to perform biopsy due to perceived risk of hemorrhage and 

the potential to trigger clinical decompensation. Renal cytology offers a lower-risk, lower-cost alternative to biopsy 

for evaluating renal disease, however large scale studies evaluating the diagnostic value are lacking. To address this 

gap, 100 dogs with renal cytology and imaging studies were identified from the computer database of the University 

of Minnesota Veterinary Medical Center. Cytology samples and imaging studies were evaluated with a board 

certified pathologist and radiologist to: determine diagnostic yield of cytology; characterize cytological and imaging 

findings; analyze qualities in imaging most likely to predict a diagnostic cytology sample; and determine diagnostic 

sensitivity, specificity, positive predictive value and negative predictive value of cytology for various disease 

processes when histopathologic or molecular confirmation of diagnosis was available. The diagnostic yield of 

cytology was 70.6%. In cases where a mass was seen on imaging, the diagnostic yield was 78.6%. When no mass 

lesion was present, the diagnostic yield was 64.3%. Cytologies of non-round cell neoplasms had a sensitivity of 

60%, specificity of 66.7%, PPV of 75% and NPV of 50% The diagnostic sensitivity, specificity, PPV and NPV of 

cytology for other disease processes will be calculated, pending acquisition of molecular data. These results support 

that cytology and imaging are viable tools for diagnosing and evaluating kidney disease in dogs.  
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Comparative MRI studies of the developing distal femur in humans and goats  
Roy, Melissa, Nissi, Mikko, Toth, Ferenc, Wang, Luning, Ellermann, Jutta, Carlson, Cathy S.  

University of Minnesota Department of Veterinary Population Medicine  

 

Osteochondrosis is an important developmental disease of humans as well as many animal species including dogs, 

pigs, cattle, and horses. It is characterized by ischemic necrosis of epiphyseal cartilage, and the end stage of the 

disease process is closely similar in humans and animals, with a predilection site in the distal femur that is identical 

in humans and pigs. This study aimed to use specialized MRI techniques to compare the process of endochondral 

ossification, including vascular architecture, in the distal femur of humans and goats. Goats were specifically chosen 

for comparison because there are no reported cases of osteochondrosis in this species. The samples were 

developmentally normal distal femora of humans between the ages of 1 month and 10 years, and goats between ages 

of 1-10 weeks. The human samples were scanned with a 7 tesla MRI, and the goat samples were scanned with a 9.4 

tesla. The resulting images were post-processed using the Osirix computer program to obtain quantitative data on the 

bone to cartilage ratio. The cartilage vessels were visualized using susceptibility weighted imaging (SWI), from 

which three-dimensional images were created. The results indicate marked differences in vascularity and rates of 

maturation between the two species. It is also noted that the human patterns of development are closely similar to 

that occurring in the pig. The techniques used in this study will allow a better understanding of the pathogenesis of 

osteochondrosis, including species differences in prevalence and predilection sites, and could also be useful for the 

study and diagnosis of other developmental orthopedic diseases.  

SS-12 

Inhibition of apoptosis from oxidative stress in diabetes  
Santiago, C; Green, S; Rozendaal, T; Stelzig, K; Larson, D; Chhoun, J; and Firpo, M   

CVM, Schulze Diabetes Institute, Stem Cell Institute, and Medical School  

 

Diabetes is one of the leading causes of death in the world. In both type 1 and 2 diabetes (T1DM, T2DM), insulin-

producing beta(ß) cells undergo apoptosis resulting in loss of insulin secretion and failure of glucose regulation. 

Although the causes may differ, apoptosis in both types can be triggered by oxidative stress. Therefore, inhibiting 

cell death in T2DM may be similarly used for T1DM. However, the exact mechanism of ß cell death is not known. 

The focus of this study is to identify signals that trigger ß cell death under disease conditions, and to examine how 

manipulation of these signaling pathways affect ß cell viability in an in vitro ß cell model. We hypothesize that 

inhibition of these pathways will increase ß cell survival. A T2DM mouse model was used to identify apoptotic 

triggers in ß cells under oxidative stress. To induce diabetes and compare ß cell survival in mice deficient in 

apoptosis, a high fat diet was fed to wild type mice and mutant mice deficient for tumor suppressor gene p53. 

Weight and fed and fasting blood glucose levels were monitored. Beta cells were isolated and examined for 

differential activation of cell death signal pathways using phosphoprotein blots. Several proteins associated with ß 

cell death were increased in high fat diet mice over chow fed, and decreased in wild type over p53 mutant diabetic 

mice. To determine whether inhibiting selected protein markers increase beta cell survival, we tested inhibitors of 

p38 and mtor under oxidative stress and measured viability. A rodent ß cell line was used to analyze cell death 

through apoptosis after hydrogen peroxide exposure to induce oxidative stress. Control cultures, as well as cultures 

treated with a p38 inhibitor or mTOR inhibitor, were evaluated for growth rates and viability. The ß cells were also 

examined for apoptosis by TUNEL assay and caspase 3 activation. Analysis of the ß cells will allow us to see 

whether or not ß cell death can be inhibited in diabetic patients.  

 

This project was supported by the National Center for Research Resources and the Office of Research Infrastructure 

Programs of the National Institutes of Health through Grant Number T35 OD011118  
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Evaluation of subcutaneous implants for long-term delivery of antifungal drugs in birds  
Schnabel, Elizabeth; Redig, Patrick  

The Raptor Center, Department of Veterinary Populations Medicine  

 

In avian medicine reducing stress is important to successful treatment. Handling for administration of therapeutic 

drugs multiple times a day is a main source of stress in patients; reducing handling would significantly reduce 

treatment-related stress. Subcutaneous implants of sustained-release formulations of therapeutic agents could 

significantly reduce the amount of handling. Such implants have been developed for use in delivering melatonin to 

ferrets, but are not yet investigated in birds. Establishing the kinetics of drug release from these implants in avian 

species would support their safe and effective use for treating, as an example, aspergillosis, a deadly fungal disease 

in birds, which requires long-term treatment with parenterally administered antifungal drugs. To test this hypothesis, 

Japanese quail (Coturnix japonica) were administered a subcutaneous implant impregnated with one of three 

antifungal drugs (itraconazole, voriconazole, or terbinafine) at doses of .5mg, 3mg, and 8mg/implant. Blood samples 

were taken periodically over the course of 8 weeks and plasma levels will be measured using high performance 

liquid chromatography (HPLC) to determine blood concentrations. This data will be used to create a concentration 

curve of plasma levels to compare the efficacy of the different implants in achieving and maintaining therapeutic 

concentrations of these drugs for an extended duration of time.  

SS-14 

Prevalence and risk factors of chytrid and ranavirus infection in a Dakota County amphibian 

community  
Sebastian, Peter; Talbott, Katie; Wolf, Tiffany; Bueno, Irene; Sokolik, Sara; McLaughlin, Matt;  

Pessier, Allan; Travis, Dominic  
Veterinary Population Medicine, University of Minnesota; Minnesota Zoo; Amphibian Disease Lab,  

San Diego Zoo Institute for Conservation Research  

 

Amphibian populations are declining at an alarming rate: nearly one-third of all amphibian species are threatened 

with extinction. One major driver of amphibian decline is infectious disease, with both chytrid fungus 

(Batrachochytrium dendrobatidis) and ranaviruses (family Iridoviridae) implicated in mass die-offs. Wild 

amphibians are a critical component of Minnesota’s ecosystems, and act as indicators of environmental health. A 

handful of studies have documented the presence of both chytrid fungus and ranavirus in certain locations of 

Minnesota. However, much remains unknown about the epidemiology of these pathogens in Minnesota including 

their biogeography, risk factors, and the extent of the threat posed to the sustainability of Minnesota’s amphibian 

populations. We are conducting a unique collaboration among the University of Minnesota’s Veterinary Population 

Medicine, the Amphibian Disease Laboratory of the San Diego Zoological Society, and the Minnesota Zoo to pilot 

an approach to characterize the eco-epidemiology of chytrid fungus and ranavirus in Minnesota. The study is part of 

the Minnesota Zoo’s BioDiscovery Project aimed at documenting the diversity of local wildlife. The specific aim of 

our study is to determine the prevalence of chytrid fungus and ranavirus in amphibian species commonly found on 

zoo grounds (Wood frogs, Lithobates sylvaticus; treefrogs, Hyla spp.; boreal chorus frogs, Pseudacris maculata; and 

American toads, Anaxyrus americanus ) while examining the importance of pond type (vegetation community), 

water quality, and season. Currently, 189 swabs for each pathogen have been collected for qPCR analysis. Results 

from the study will help pilot a full-scale investigation into the impact chytrid fungus and ranavirus have on 

Minnesotan amphibian populations, and will also provide the Minnesota Zoo with baseline data to devise best 

practices for collecting frogs on site to restock native amphibian exhibits.  
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Sex-specific differential gene expression during muscle development in the turkey  
Sobczynski, Helen; Mendoza, Kristelle; Monson, Melissa; Reed, Kent  

Department of Veterinary Biomedical Sciences  

 

Turkey muscle development requires expression and regulation of myogenic regulatory factors, cell death mediators, 

and fiber and ECM proteins, among other factors. Details of this cascade have aided in the selection for fast-growth 

characteristics. The result is today’s heavily muscled commercial turkey, where males are more muscled than 

females. Differential expression of muscle-related genes has been previously investigated in experimental lines from 

Ohio State University selected for breast muscle growth when compared to genetically similar random-bred controls. 

Although phenotypic sex differences were evident, sex-specific differential gene expression during muscle 

development was not been thoroughly investigated. Myogenin, MyoD, Death-associated protein, Versican, and 

Matrix gla protein have known roles in muscle development and have been shown to be differentially expressed 

between the OSU experimental lines. We hypothesize that genetically unrelated commercial turkeys selected for 

similar growth characteristics will show differential gene expression in these same genes. To test this hypothesis, 

skeletal muscle was collected at day of hatch and weekly until 4 weeks of age from male and female birds obtained 

from a commercial breeding company. Gene transcripts were evaluated using quantitative real-time PCR (qRT-

PCR). Results provide insight to the sex-specific consequences of selection pressures on commercial turkeys.  

SS-16 

CD200R antagonist enhances vaccine-based immunotherapy in murine glioma 
Spencer, Rachel; Waldron, Nate; Gagich, Lauren; Olin, Michael  

Department of Pediatrics, University of Minnesota 

 

Glioblastomas are highly invasive and aggressive neoplasms. Current enhanced immunotherapies still fail to 

overcome the extreme immunosuppressive effects of these tumors. Therefore, researchers are investigating new 

approaches to aid current immunotherapy in overcoming tumor-induced immune suppression. CD200 is secreted by 

a variety of tumors, including glioblastomas, and interacts with the CD200R on immune cells promoting an 

immunosuppressive environment. Recently, we determined that circulating levels of soluble CD200 correlated with 

the expansion of myeloid derived suppressor cells (MDSCs) in humans. The aims of this study where to determine if 

the use of a CD200-derived antagonistic peptide could block the expansion of MDSCs and decrease tumor burden in 

a murine model of glioma treated with vaccine-based immunotherapy. We continue to study the correlation between 

MDSC levels and CD200R antagonist administration. The data show that tumor burden was significantly decreased 

when a CD200R antagonist was added in the tumor lysate vaccine. Thus, antagonizing the CD200R has shown to be 

efficacious for enhancement of anti-tumor immune mediated strategies for future glioblastoma treatment.  
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Investigating the relationship between passive transfer and response to early vaccination in Holstein 

dairy calves  
Stampfl, Brian; Godden, Sandra; Haines, Deborah; Spronk, Elizabeth   

UMN CVM Veterinary Population Medicine Department  

 

The passive transfer of immunoglobulins to neonatal calves via maternal colostrum is the major determinant of the 

calf’s health early in life. It is important that each calf receive 150-200g Immunoglobulin G (IgG) within two hours 

of birth. However, research has shown that maternal colostrum can be highly variable in its IgG content. Colostrum 

replacer products can be used as a substitute for maternal colostrum and should provide a more consistent dose of 

IgG. This study intends to answer two questions related to colostrum. First, do maternal and replacement colostrum 

differ in their ability to provide sufficient IgG to the calf initially? Second, does one form of colostrum provide a 

more predictable time to seronegativity? It is predicted that both forms of colostrum will transfer similar levels of 

antibodies, but that colostrum replacer will deliver a more consistent time to seronegativity for each of the diseases 

of interest. In this study, newborn heifer calves were removed from the dam prior to the first feeding. Calves were 

randomly assigned to receive either 3.8 L of maternal colostrum or three packets of Calf’s Choice Total Gold 

colostrum replacer from the Saskatoon Colostrum Company (180 g IgG total dose). Samples of colostrum were 

frozen to submit for analysis of total IgG content. Venous blood samples were collected at 0 and 24 hours to measure 

serum IgG concentrations. Blood samples are being collected every 2 weeks until calves are 6 months of age. These 

samples will be submitted for analysis of virus-neutralizing antibodies against BVDV types 1 and 2, BRSV, PI3, 

BHV-1, Rotavirus, and Coronavirus. Mean titers against each pathogen will be measured, and titer decay curves will 

be generated to describe the mean and variation in titers. Sampling will be complete in December with data analysis 

to follow.  
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Role of superoxide radical production in the OVLT contributing to chronic AngII induced 

hypertension  
Taylor-Smith, Heather; Nahey, Dave; Tian, Jun; Zimmerman, Matthew; and Collister, John  

University of Minnesota, St. Paul; Department of Veterinary Bioscience and University of Nebraska Medical Center; 

Department of Cellular and Integrative Physiology Supported by Merial Veterinary Scholars Research Grant and University of 

Minnesota College of Veterinary Medicine Comparative Medicine Grant  

 

The brain’s role in modulating blood pressure regulation and mediating hypertension involves sensing high levels of 

circulating angiotensin II (AngII) and signaling to the sympathetic nervous system to make adjustments. Prior 

studies have demonstrated that the circumventricular organs (CVO), including the subfornical organ (SFO), and its 

downstream median preoptic nucleus (MnPO) play a role in mediating chronic AngII induced hypertension. Our lab 

found that superoxide produced in both the SFO and the MnPO contributes to AngII hypertension. The present study 

sought to investigate the role of another CVO, the organum vasculosum of lamina terminalis (OVLT), in chronic 

AngII hypertension via an overproduction of superoxide as well. The hypothesis is that superoxide produced in the 

OVLT is a signaling molecule contributing to chronic hypertension triggered by circulating AngII. To test this 

hypothesis, the OVLT of rats was injected with a human cytoplasmic superoxide dismutase (AdCuZnSOD) 

adenoviral vector capable of causing overexpression of SOD, or an empty adenovirus control vector (AdE). 

Additionally, an abdominal aortic telemetric transducer was inserted to record mean arterial pressure (MAP) and 

heart rate (HR) and a femoral venous catheter was placed for AngII infusion. After a three-day control period of 

saline infusion, AngII was infused for ten days and MAP and HR were recorded. Previous research has shown that 

rats with overexpression of SOD in the MnPO or SFO have a lessened hypertensive response to AngII infusion, 

which therefore supports the hypothesis that an overproduction of superoxide in the MnPO and the SFO in response 

to elevated circulation AngII causes chronic hypertension. Additionally, we have shown a role of the OVLT in 

mediating the chronic hypertensive response to AngII, and therefore hypothesized that superoxide in the OVLT as 

well is a signaling molecule in this response.  
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Genomic approach to hyperlipidemia in Miniature Schnauzer dogs  
Thomas-Hollands, Alison; Patterson, Edward; Mickelson, James; Minor, Katie; Furrow, Eva  

Veterinary Clinical and Biological Sciences  

 

Hyperlipidemia is a condition in which there are persistently elevated fasting blood levels of cholesterol and/or 

triglycerides. While most cases of hyperlipidemia are secondary to other diseases, primary familial hyperlipidemia 

syndromes exist in both people and dogs. The most well documented canine familial hyperlipidemia occurs in 

Miniature Schnauzers. The majority of the breed has elevated triglycerides by age 9, and lipid profiling suggests that 

there may be a lipid metabolism abnormality even in Schnauzers with normal triglyceride levels. The objective of 

this study was to evaluate candidate genes to find a causal mutation for hyperlipidemia in Miniature Schnauzers. We 

hypothesized that a mutation would be identified that explained the breed’s disease risk. Eleven lipid metabolism 

genes were reviewed in 4 purebred Miniature Schnauzers using Illumina Hi-Seq whole genome next-generation 

sequencing data. A 3 bp deletion in a highly conserved regulatory region of an apolipoprotein gene was identified, 

and a restriction fragment length polymorphism genotyping assay was designed. The mutation was not fixed in the 

breed, but it had an additive effect on increased serum triglyceride levels in a cohort of 50 Miniature Schnauzers. 

The mutation was not found in any other breeds tested (134 dogs from 11 diverse breeds). Two thirds of 

hyperlipidemic Miniature Schnauzers had at least one copy of the mutation. These results suggest that 

hyperlipidemia is a complex trait in Miniature Schnauzers in which this apolipoprotein gene mutation explains some 

but not all of the underlying basis.  
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Effects of vitronectin on neural differentiation and proliferation of human induced pluripotent stem 

cells in 3D cell culture  
Venhuizen, Scott1; Lindborg, Beth1,2; Haider, Kerri1; Ulrich, Connor1; Vegoe, Amanda1; Subramaniam, Sandhya1; 

Brekke, John H.2; Dutton, James1; Tolar, Jakob1; O'Brien, Timothy D.1  
1University of Minnesota Stem Cell Institute, Minneapolis, MN; 2Bioactive Regenerative Therapeutics, Inc. Duluth, MN  

 

The field of three-dimensional (3D) cell culture is rapidly expanding as it has been found that cells cultured in a 3D 

environment exhibit developmental, metabolic, functional, and organizational features that are not present in 

conventional two-dimensional cell culture. Dr. O’Brien’s laboratory has been developing novel three-dimensional 

biomimetic hydrogels that can be used for development of artificial tissues for in vitro disease modeling, for 

regenerative medicine applications, as platforms for cell and tissue transplantation, as well as for other applications. 

Our lab has found that when induced pluripotent stem cells (iPSCs) are placed in a proprietary 3D hydrogel material 

which contains the extracellular matrix component hyaluronan (HA) they undergo neural differentiation without the 

use of a neural-inductive culture medium. It therefore appears likely that the 3D environment created by the hydrogel 

is responsible for the induction of neural differentiation. To further characterize this phenomenon we wished to 

investigate the influence of other extracellular matrix components on this process. Others have shown that 

vitronectin will sustain the pluripotency of iPSCs in 2D cell culture possibly by interacting with integrins known to 

be expressed by iPSCs. We therefore, hypothesized that vitronectin might inhibit the spontaneous neural 

differentiation of iPSC in the 3D matrix. Hydrogels (n=2) containing XX million human iPSC were prepared with 

and without vitronectin (concentration), placed in static culture, and harvested at 7 and 14 days. Samples were fixed 

in 10% formalin, processed for paraffin-embedding and stained with hematoxylin and eosin and 

immunohistochemically for β-3 tubulin. Thus far our experiments suggest that the presence of vitronectin in 3D cell 

culture inhibits both proliferation and neural differentiation compared to samples prepared without it.  
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Role of CD44 signaling in canine hemangiosarcoma  
Witschen, Patrice; Graef, Ashley J; Im, KeumSoon; Modiano, Jaime F; Kim, Jong Hyuk  

College of Veterinary Medicine and Masonic Cancer Center  

 

The transmembrane glycoprotein CD44 is expressed at significantly higher levels in canine hemangiosarcoma 

(HSA) cells than in non-malignant endothelial cells. CD44 acts as the hyaluronic acid (HA) receptor and it has been 

shown to play a role in tumor cell proliferation, migration, and metastasis. However, the roles of CD44 and HA in 

the biology of canine HSA are unknown. We hypothesized that the binding of HA to CD44 activates intracellular 

cascades that enhance HSA cell proliferation, migration, and self-renewal. We verified CD44 gene and protein 

expression in four independent HSA cell lines using qRT-PCR and flow cytometry, respectively. Intracellular 

calcium was mobilized by HSA cells after exposure to low and medium-molecular weight HA, and the sensitivity to 

the different HA fragment sizes varied among HSA cell lines. In addition to calcium flux, we are currently 

evaluating changes in VEGF, IL-6, and IL-8 gene expression as downstream effects of CD44 signaling in response 

to low and medium-molecular weight HA. Next, we plan to determine the effects of HA on cell proliferation and 

viability, cell migration, and self-renewal.  

 

Supported by grants T35 RR032321 from the NIH and 01759 from the AKC Canine Health Foundation  
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Molecular pathways of MMP-1 induction and its role in cell survival in ductal cell carinoma in situ 

(DCIS)  
Wardwell, C. Taylor1; Farooqui, Mariya2; Bohrer, Laura2; Schwertfeger, Kaylee2  

1Department of Veterinary and Biomedical Sciences - University of Minnesota, Saint Paul, MN  
2Department of Laboratory Medicine and Pathology and Masonic Cancer Center - University of Minnesota, Minneapolis, MN  

 

Matrix metalloproteinase-1 (MMP-1), or collagenase 1, has been implicated in the progression of breast cancer, and 

high levels are associated with increased risk of bone metastasis and poor prognosis in breast cancer patients. 

Previous work in our lab has shown that the epidermal growth factor epiregulin (EREG) can induce MMP-1 

production in MCF10A and MCF10DCIS.com cells, but through different pathways. MMP-1 production in 

MCF10A cells is dependent on activation of signal transducer and activator of transcription 5 (STAT5), while MMP-

1 production in MCF10DCIS.com is independent of STAT5. These studies aimed to identify specific differences in 

the MMP-1 pathway between MCF10A and MCF10DCIS.com cell lines, and examine the role of MMP-1 in cell 

survival. EREG promoted stronger activation of epidermal growth factor receptor (EGFR) in MCF10A cells versus 

MCF10DCIS.com cells, despite both cell lines expressing similar levels of receptor, and despite MCF10DCIS.com 

cells producing higher levels of MMP-1. In MCF10A cells, EREG activation of EGFR was found to activate Janus 

kinase 2 (JAK2), which activates STAT5 and promotes MMP-1 production. EREG-induced activation of JAK2 was 

not observed in MCF10DCIS.com cells. Knockdown of MMP-1 by siRNA did not have a noticeable apoptotic effect 

on MCF10A cells as measured by cleaved caspase-3 levels. These results suggest that MMP-1 prouction is 

stimulated in MCF10A cells through the JAK-STAT pathway, and are consistent with previous findings that MMP-1 

activation via EREG signaling utilizes different pathways in MCF10A and MCF10DCIS.com cells. This study also 

suggests that the survival role of MMP-1 in MCF10A cells is not anti-apoptotic. Together, the results of the present 

study suggest that STAT5 is a potential drug target in early stages of disease, before the STAT5 pathway is 

abandoned by the cell.  
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Herpes Simplex Virus 1 brain infection induces neural stem cell migration to sites of damage 
Young, Jordan E.; Krishna, Venkatramana D.; Rotschafer, Jessica H.; Cheeran, Maxim C-J 

Department of Veterinary Population Medicine  

 

Herpes Simplex Virus 1 (HSV-1) causes a severe and often fatal encephalitis in humans usually resulting in 

devastating long-term sequelae for surviving patients. Using a murine model of Herpes Simplex encephalitis (HSE) 

we asked if virus-induced damage influences neural stem cell (NSC) migration within the brain. NSCs are a source 

of new neurons and have been shown to aid in brain repair. We interrogated the murine HSE model for differences 

in NSC migration between the normal and virus-infected brains. The hypothesis underlying the present study is that 

normal patterns of NSC migration are altered during HSV-1 brain infection, wherein NSCs migrate towards sites of 

virus-induced damage. Cell migration was studied by labeling NSCs using two approaches; endogenous NSCs were 

induced to express GFP in a Nes-Cre-GFP reporter mice and by transplanting calcein-labeled exogenous NSCs into 

the striatum. Immunohistochemistry was used to assess the location of NSCs, differentiated cells, chemokines and 

virus infection in the brain. Real time qPCR was used to determine the levels of chemokine expression in HSV-1 

infected brains. NSC migration was quantified by measuring mean fluorescence intensity at various brain regions 

and by comparing mock and HSV-1 infected brains to map differences in NSC migration patterns. Preliminary 

results showed increased GFP fluorescence in infected Nes-Cre-GFP reporter mice. GFP (+) NSCs were observed in 

the entorhinal cortex and proximal brain stem at 6 dpi, indicative of an altered NSC migration resulting from 

infection. Further studies are being performed to quantify and characterize altered migratory patterns and cell fates 

of NSCs consequent to HSE. Experiments to determine the role of chemokines, e.g. SDF1-α, in altered NSC 

migration are also being investigated. Understanding the factors that guide NSC movement in response to damage 

could potentially lead to advancements in therapies for brain repair after viral infection, stroke, and trauma.  


